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PREFACE    TO   THE    SECOND   EDITION 


The  gratifying  reception  given  to  the  Text-book  of  Anatomy,  not  only  in  this* 
country  but  also  in  America,  has  rendered  it  necessary  to  prepare  a  new  edition. 
In  carrying  out  this  work  the  whole  book  has  been  carefully  revised,  and  a  large 
number  of  new  illustrations  have  been  added. 

The  sections  in  which  the  chief  changes  and  additions  have  been  made  are 
those  upon  Embryology,  the  Joints,  the  Muscles,  the  Brain  and  Spinal  Cord,  the 
Genito- Urinary  Organs,  the  Lymphatics,  and  Applied  Anatomy.  By  pruning 
down  in  various  directions,  it  has  been  found  possible  to  incorporate  a  considerable 
amount  of  new  matter  in  these  and  other  sections  without  materially  increasing 
the  bulk  of  the  book. 

The  lamented  death  of  Professor  Birmingham  was  felt  by  all  the  contributors 
to  be  not  only  a  personal  loss,  but  one  which  materially  affected  an  important 
section  of  the  book.  Although  in  very  bad  health,  Professor  Birmingham  was 
desirous  to  undertake  his  share  of  the  work,  and  he  had  the  sheets  on  the 
Digestive  System  in  his  possession  for  this  purpose  when  he  died.  There  was 
probably  no  part  of  the  book  which  required  less  revision  than  his,  and  the 
Editor  has  taken  upon  himself  the  duty  of  making  the  alterations  which  seemed 
essential.  In  doing  this  he  has  been  careful  to  avoid  unnqcessary  changes  and  to 
preserve  throughout  the  original  character  of  the  article. 

In  the  section  upon  the  Muscular  System,  a  series  of  illustrations  has  been 

added  in  which  the  areas  of  muscle  attachment  are  delineated  upon  the  bones.    For 

the  preparation  of  the  specimens,  and  for  assistance  in  the  mapping  out  of  these 

areas,  the  Editor  is  indebted  to  Dr.  E.  B.  Jamieson.     Those  who  have  attempted 

work  of  this  kind  will  appreciate  the  amount  of  labour  and  judgment  entailed,  as 

it  is  only  by  taking  the  average  condition  in  many  specimens,  and  by  the  close 

study  of  the  bones  selected   for   the  delineations,   that  a  sufficiently  accurate 
result  can  be  attained. 

With  the  exception  of  the  figures  which  have  been  added  to  the  sections  of 

the  book  dealing  with  Embryology,  Osteology,  and  the  Genito-Urinary  Organs, 

the  many  new  illustrations  which  appear  in  this  edition  have  been  prepared  in 

the  Anatomical  Department  of  the  University  of  Edinburgh.     In  carrying  out  this 

work,  the  Editor  has  again  had  the  good  fortune  to  secure  the  co-operation  of  Mr. 
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J.  T.  Murray,  an  artist  whose  ability  in  the  rendering  of  anatomical  subjects  is 
recognised  on  all  hands.  Wherever  it  was  felt  that  colour  would  increase  the 
artistic  efiTect  or  the  general  usefulness  of  an  illustration,  it  has  been  freely 
employed,  both  in  the  case  of  the  old  and  of  the  new  figures. 

The  Editor  cannot  conclude  this  preface  to  the  second  edition  of  the  Text-book 
without  expressing  his  grateful  acknowledgment  of  the  assistance  which  has  been 
so  freely  extended  to  him  by  his  fellow-contributors  at  every  stage  of  the  work. 
He  has  also  to  thank  many  readers  of  the  first  edition  for  calling  his  attention  to 
typographical  errors  and  other  imperfections  which  had  escaped  his  notice  in 
passing  the  sheets  through  the  press. 


18  Grosyenor  Crescent,  Edinburgh, 
Augiut  1905. 


PREFACE  TO  THE  FIRST  EDITION. 


The  form  which  this  book  has  taken  expresses  the  desire  of  those  who  have 
contributed  the  various  sections  to  produce  something  which  they  might  dedicate 
to  their  former  teacher  and  master,  Sir  William  Turner.  With  one  exception, 
all  the  contributors  have  studied  under  Sir  William  Turner,  and  all  but  two 
have  for  longer  or  shorter  periods  acted  as  his  Assistants.  Bound  together  by  this 
common  tie,  and  animated  by  affection  and  reverence  for  their  great  master,  they 
have  sought  to  produce  a  book  worthy  of  him  whose  teaching  it  so  largely  reflects, 
and  if  this  object  has  not  been  attained  it  is  not  for  want  of  will,  but  of  power,  on 
the  part  of  the  writers. 

In  the  preparation  of  a  work  such  as  this  it  is  no  easy  matter  to  prevent  over- 
lapping of  the  different  articles  and  to  keep  the  various  sections  in  harmony  with 
each  other.  Yet  in  this  direction  it  is  believed  that  a  fair  amount  of  success  has 
been  attained.  Differences  of  opinion  on  particular  points  were  bound  to  arise, 
but  the  Editor  found  in  those  concerned  the  greatest  readiness  to  come  to  a  mutual 
understanding,  and  he  is  deeply  grateful  to  his  colleagues  for  the  manner  in  which 
they  endeavoured  to  lighten  his  work  and  assist  him  in  his  task.  Of  course  when 
totally  different  views  were  held  by  two  authors  on  a  matter  which  had  to  be  dealt 
with  in  two  sections,  no  serious  attempt  was  made  to  urge  these  writers  to  qualify 
their  statements  so  as  to  produce  an  apparent  agreement.  It  was  felt  that  if  this 
were  done  the  individuality  of  the  author,  which  forms  a  characteristic  feature  of 
each  article  as  it  stands,  would  thereby  be  damaged ;  and  further,  it  was  believed 
that  the  same  question  discussed  from  two  different  points  of  view  could  not  fail 
to  be  of  advantage  to  the  reader.  At  the  same  time  it  is  right  to  state  that  the 
places  in  which  a  divergence  of  opinion  appears  are  very  few,  and  taking  into 
account  that  nine  writers  have  co-operated  with  the  Editor,  a  remarkable  degree 
of  harmony  in  the  treatment  of  the  different  sections  has  been  obtained. 

The  recent  introduction  of  Formalin  as  a  hardening  and  preserving  reagent 
imposed  an  especially  arduous  duty  upon  those  writers  who  had  undertaken  the 
chapters  dealing  with  the  thoracic  and  abdominal  viscera.  The  possibilities  for 
establishing  a  more  accurate  topography  and  of  improving  our  conception  of  the 
forms  assumed  by  the  viscera  under  different  conditions  have  by  this  means  been 
j^reatly  extended ;  and  in  preparing  the  sections  which  treat  of  these  organs  the 
writers  have  taken  full  advantage  of  the  new  method.  Much,  therefore,  which 
appears  in  this  book  on  the  topographical  relations  of  the  viscera  departs  con- 
siderably from  the  older  and  more  conventional  descriptions  hitherto  in  vogue. 

The  arrangement  of  the  matter  treated  in  the  following  pages  is  very  much 
the  same  as  that  adopted  in  the  various  courses  of  lectures  deliveied  in  the  schools 
from  which  the  different  sections  of  the  work  have  emanated.  The  first  chapter  is 
a  2  ix 
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devoted  to  the  general  principles  and  elementary  facts  of  Embryology.  Then 
follow,  in  an  order  beat  suited  for  the  student,  the  chapters  dealing  with  the 
various  systems  of  organs ;  whilst  the  last  seventy-five  pages  are  used  for  the 
purpose  of  applying  the  information  conveyed  in  the  preceding  part  of  the  book 
to  the  practice  of  medicine  and  surgery.  Each  chapter  is  more  or  less  complete 
in  itself,  although  an  effort  has  been  made  to  weld  them  all  into  one  consistent 
whole. 

The  numerous  illustrations  which  appear  in  the  text  are  all  new  in  the  sense 
that  in  no  case  has  an  old  drawing  or  an  old  block  been  used.  Further,  the  vast 
majority  of  the  illustrations  are  new  in  the  sense  that  they  are  original.  The 
very  few  that  are  not  have  been  taken  from  monographs  dealing  with  the  subjects 
so  illustrated,  and  in  every  case  the  source  from  which  these  have  been  obtained 
is  acknowledged  in  the  text.  The  drawings  for  each  section  were  prepared  under 
the  personal  supervision  of  its  author,  and,  with  the  exception  of  the  figures  in 
two  chapters,  they  are  the  work  of  Mr.  J.  T.  Murray.  This  talented  artist  has 
devoted  much  time  to  the  undertaking,  and  the  reader  can  judge  for  himself  the 
success  which  has  attended  his  efforts.  The  Editor  cannot  sufficiently  express  his 
indebtedness  to  Mr.  Murray  for  the  great  technical  skill  and  the  patience  which  he 
brought  to  bear  upon  this  extremely  trying  and  difficult  work.  The  chapter  on 
Osteology  has  been  illustrated  by  Mr.  W.  C.  Stevens  ;  that  upon  Embryology  by 
the  authors  themselves ;  whilst  the  microscopical  drawings  in  the  section  on  the 
Brain  and  Cord  were  executed  by  Mr.  Wm.  Cathie.  It  is  also  necessary  to  mention 
that  the  coloured  outlines  representing  the  attachments  of  the  muscles  on  the 
figures  of  the  bones  were  mapped  in  by  Professor  A.  M.  Paterson. 

The  Editor  has  to  thank  his  former  Assistant,  Professor  A.  F.  Dixon  of  Cardiff, 
for  much  help  in  the  correction  of  the  proofs. 


Trinity  College,  Dublin, 
June  1902. 
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INTRODUCTION. 

Anatomy  is  a  comprehensive  term,  which  includes  several  closely  related  branches 
of  study.  I^rimarily  it  is  employed  to  indicate  the  study  of  the  several  parts 
which  build  up  the  body,  and  the  relationship  which  these  present  to  each  other. 
But  during  the  period  of  its  existence  the  individual  exhibits  many  structural 
changes:  its  structure  is  not  the  same  at  all  stages  of  its  life.  The  ovum  or 
starting-point  of  every  individual  is  very  different  from  the  finished  organism  as 
represented  by  the  adult,  and  the  series  of  changes  through  which  the  organism 
passes  until  its  structure  is  perfected  and  full  growth  is  attained  constitute  the 
study  of  development.  The  general  term  "development"  includes  not  only  the 
various  and  striking  structural  changes  which  occur  during  the  intrauterine  life  of 
the  individual,  to  the  study  of  which  the  term  embryology  is  more  specially  applied, 
but  also  many  growth  processes  which  occur  after  birth,  such  as  the  later  stages  in 
the  ossification  and  growth  of  the  bones,  the  eruption  of  the  two  series  of  teeth,  the 
adjustment  of  the  vascular  system  to  its  new  requirements,  etc.  The  actual  obser- 
vation of  the  processes  by  which  the  parts  of  the  body  are  gradually  formed,  and  of 
the  structural  arrangements  by  means  of  which  a  temporary  connexion  is  estab- 
lished between  the  ovum  and  the  mother,  through  which  an  interchange  of 
nutritive  and  other  matters  between  the  two  takes  place,  renders  embryology  one 
of  the  moat  interesting  of  all  the  departments  of  anatomy.  The  term  ontogeny  is 
also  used  to  denote  the  development  of  the  individual.  There  is,  however,  another 
form  of  development,  slower,  but  just  as  certain  in  its  processes,  which  affects  not 
only  the  individual,  but  every  member  of  the  animal  group  collectively  to  which  it 
belongs.  The  theory  of  descent  or  evolution  leads  us  to  believe  that  between  man 
of  the  present  day  and  his  remote  ancestors  there  is  a  wide  structural  gap,  which, 
if  the  geological  record  were  perfect,  would  be  seen  to  be  completely  occupied  by 
long-lost  intermediate  forma  In  the  process  of  evolution,  tlierefore,  structural 
changes  have  gradually  taken  place  which  have  modified  the  entire  race.  A  more 
or  less  close  or  remote  blood-relationship  links  together  all  the  members  of  the 
animal  kingdom.  These  evolutionary  phases  constitute  the  ancestral  liistory  or 
phylogeny  of  the  individual.  Ontogeny  and  phylogeny  are  intertwined  in  a 
remarkable  manner,  and  present  certain  extraordinary  relationships.  In  other 
words,  the  ancestral  evolutionary  development  appears  to  be  so  stamped  upon  an 
individual  that  it  repeats  certain  of  the  phylogenetic  stages  with  more  or  less 
clearness  during  the  process  of  its  own  individual  development.  Thus  at  an  early 
period  in  the  embryology  of  man  we  recognise  evanescent  gill-slits  comparable  with 
those  of  a  fish,  whilst  a  study  of  the  development  of  his  heart  shows  that  it  passes 
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through  transitory  structural  conditions  in  many  respects  similar  to  the  permanent 
condition  of  the  heart  in  certain  of  the  lower  animals.  It  is  in  connexion  with 
this  that  the  phrase  has  arisen  that  every  animal  in  its  individual  development  or 
ontogeny  climbs  up  its  own  genealogical  tree — a  saying  which,  taking  it  even  in 
the  broadest  sense,  is  only  partially  true. 

The  higher  conceptions  of  anatomy,  which  are  obtained  by  taking  a  general 
survey  of  the  structural  aspects  of  the  entire  animal  kingdom,  constitute  morphology. 
The  morphologist  investigates  the  laws  of  form  and  structure,  and  in  his  generalisa- 
tions he  gives  attention  to  detail  only  in  so  far  as  this  is  necessary  for  the  proper 
establishment  of  his  views.  The  knowledge  of  anatomy  which  is  required  by  the 
student  of  medicine  is  different.  It  is  essentially  one  of  detail,  and  often  details 
important  from  the  practical  and  utilitarian  points  of  view  have  little  or  no 
morphological  value.  This  want  of  balance  in  the  interest  attached  to  anatomical 
facts,  according  to  the  aspect  from  which  they  are  examined,  so  far  from  being 
unfortunate,  aCTords  the  teacher  the  means  of  making  the  study  of  anatomy  at  once 
fascinating  and  attractive.  Almost  every  fact  which  is  brought  under  the  notice 
of  the  student  can  be  accompanied  by  a  morphological  or  a  practical  application. 
This  it  is  that  lightens  a  study  which,  presented  to  the  student  of  medicine  in  any 
other  way,  would  be  at  once  dry  and  tedious. 

Certain  terms  employed  in  morphology  require  early  and  definite  explanation. 
These  are  homology,  serial  homology,  and  homoplasy.  The  same  organ  repeated  in 
two  different  animals  is  said  to  present  a  case  of  homology.  But  this  morphological 
identity  between  these  two  organs  must  be  proved  beyond  dispute  before  the 
homology  between  them  can  be  allowed.  In  deciding  this  identity  the  great  and 
essential  test  is  that  the  two  organs  in  question  should  have  a  similar  develop- 
mental origin.  Thus  the  fore-limb  of  a  quadruped  is  homologous  with  the  upper 
limb  of  man ;  the  puny  collar-bone  of  a  tiger,  the  fibrous  thread  which  is  the  only 
representative  of  this  bone  in  the  horse,  and  the  strongly  marked  clavicle  of  the 
ape  or  man,  are  all,  strictly  speaking,  homologous  with  each  other.  Homologous 
organs  in  different  animals  usually  present  a  similar  position  and  a  similar 
structure,  but  not  invariably  so.  It  is  not  uncommon  for  a  muscle  to  wander 
somewhat  from  its  original  position,  and  many  cases  could  be  quoted  in  which 
parts  have  become  completely  transformed  in  structure,  either  from  disuse  or  for 
the  purpose  of  meeting  some  special  demand  in  the  animal  economy.  In  the  study 
of  the  muscles  and  ligaments  instances  of  this  will  be  brought  under  the  notice  of 
the  reader.  Identity  or  correspondence  in  the  function  performed  by  two  organs 
in  two  different  animals  is  not  taken  into  consideration  in  deciding  questions  of 
homology.  The  gills  of  a  fish  and  the  lungs  of  a  higher  vertebrate  perform  very 
much  the  same  physiological  ofiBce,  and  yet  they  are  not  homologous.  The  term 
analogy  is  often  used  to  express  functional  correspondence  of  this  kind.  Often 
organs  which  perform  totally  different  functions  are  yet  perfectly  homologous. 
Thus  the  wing  of  a  bat  or  the  wing  of  a  bird,  both  of  which  are  subservient  to 
flight,  are  homologous  with  the  upper  limb  of  man,  the  office  of  which  is  the 
different  one  of  prehension. 

In  the  construction  of  vertebrates  and  certain  other  animal  groups  a  series  of 
similar  parts  are  repeated  along  a  longitudinal  axis,  one  after  the  other.  Thus  the 
series  of  vertebrae  which  build  up  the  backbone,  the  series  of  ribs  which  gird  round 
either  side  of  the  chest,  the  series  of  intercostal  muscles  which  fill  up  the  intervals 
between  the  ribs,  the  series  of  nerves  which  arise  from  the  brain  and  spinal  cord, 
are  all  examples  of  this.  An  animal  exhibiting  such  a  condition  of  parts  is  said  to 
present  the  segmental  type  of  organisation,  and  in  the  early  stages  of  development 
this  segmentation  is  much  more  strongly  marked,  and  is  to  be  seen  in  parts  which 
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subsequently  lose  all  trace  of  such  a  subdivision.  The  parts  thus  repeated  are  said 
to  be  serially  homologous.  But  there  are  other  instances  of  serial  homology  besides 
those  which  are  manifestly  produced  by  segmentation.  The  upper  limb  is  serially 
homologous  with  the  lower  limb:  each  is  composed  of  parts  which,  to  a  large 
extent,  are  repeated  in  the  other,  and  the  correct  adjustment  of  this  comparison 
between  the  several  parts  of  the  upper  and  lower  limbs  constitutes  one  of  the  most 
difficult  and  yet  interesting  problems  of  morphology. 

Homoplasy  is  a  term  which  has  been  introduced  to  express  a  form  of  corre- 
spondence between  organs  in  different  animals  which  cannot  be  included  under 
the  term  homology.  Two  animal  groups,  which  originally  have  sprung  from  the 
same  stem-form,  may  independently  develop  a  similar  structural  character  which  is 
altogether  absent  in  the  ancestor  common  to  both.  Thus  the  common  ancestor  of 
man  and  the  carnivora  in  all  probability  possessed  a  smooth  brain,  and  yet  the 
human  brain  and  the  carnivore  brain  are  both  richly  convoluted.  Not  only  this, 
but  certain  anatomists  seek  to  reconcile  the  convolutionary  pattern  of  the  one  with 
the  convolutionary  pattern  of  the  other.  What  correspondence  there  is  does  not, 
in  every  instance,  constitute  a  case  of  homology,  because  there  is  not  in  every  case 
a  community  of  origin.  Correspondence  of  this  kind  is  included  under  the  term 
"  homoplasy."  Another  example  is  afforded  by  the  heart  of  the  mammal  and  that 
of  the  bird.  In  both  of  these  groups  the  ventricular  portion  of  the  heart  consists 
of  a  right  and  a  left  chamber,  and  yet  the  ventricular  septum  in  the  one  is  not 
homologous  with  the  corresponding  septum  in  the  other,  because  the  common 
ancestor  from  which  both  have  sprung  possessed  a  heart  with  a  single  ventricular 
cavity,  and  the  double-chambered  condition  has  been  a  subsequent  and  independent 
development  in  the  two  groups. 

Systematic  Anatomy. — The  human  body  is  composed  of  a  combination  of 
several  systems  of  organs,  and  the  several  parts  of  each  system  not  only  present  a 
certain  similarity  in  structure,  but  also  fulfil  special  functions.     Thus  we  have — 

1.  The  skeletal  system,  composed  of  the  bones  and  certain  cartilaginous  and 
membranous  parts  associated  with  them,  the  study  of  which  is  known  as  osteology. 

2.  The  articulatory  system,  which  includes  the  joints  or  articulations,  the  study 
of  which  is  termed  arthrology. 

3.  The  miLscular  system,  comprising  the  muscles,  the  study  of  which  constitutes 
myology. 

4.  The  Turvous  system,  in  which  are  included  the  brain,  the  spinal  cord,  the 
spinal  and  cranial  ganglia,  the  sympathetic  ganglia,  and  the  various  nerves 
proceeding  from  and  entering  these.  The  study  of  these  parts  is  expressed  by  the 
term  neurology.     In  this  system  the  organs  of  sense  may  also  be  included. 

5.  The  vascular  and  lymphatic  system,  including  the  heart,  blood-vessels,  the 
lymphatic  vessels,  and  the  lymphatic  glands.  Angeiology  is  the  term  applied  to  the 
.study  of  this  system. 

6.  The  respiratory  system,  in  which  we  place  the  lungs,  windpipe,  and  larynx. 

7.  The  digestive  system,  which  consists  of  the  alimentary  canal  and  its  associated 
glands,  and  parts  such  as  the  tongue,  teeth,  liver,  pancreas,  etc. 

8.  The  urogenital  system,  composed  of  the  urinary  organs  and  the  reproductive 
organs — the  latter  differing  in  the  two  sexea 

The  term  splanchnology  denotes  the  study  of  the  organs  included  in  the 
respiratory,  digestive,  and  genito-urinary  systems. 

9.  The  integumentary  system,  consisting  of  the  skin,  nails,  hair,  etc. 

These  numerous  organs  which  form  the  various  systems  are  themselves  built  up 
of  tissues,  the  ultimate  elements  of  which  can  only  be  studied  by  the  aid  of  the 
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microscope.  The  study  of  these  elements  and  the  manner  in  which  they  are 
groTiped  together  to  fonn  the  various  tissues  of  the  body  forms  an  important  branch 
of  anatomy,  which  is  termed  histology. 

The  structure  of  the  human  body  may  be  studied  in  two  different  ways.  The 
several  parts  may  be  considered  with  reference  to  their  relative  positions,  either  as 
they  are  met  with  in  the  course  of  an  ordinary  dissection,  or  as  they  are  seen  on 
the  surface  of  a  section  through  the  body.  This  is  the  topographical  method.  On 
the  other  hand,  the  several  systems  of  organs  may  be  treated  separately  and  in 
sequence.  This  constitutes  the  si/stemalic  method,  and  it  is  the  plan  which  is 
adhered  to  in  this  treatise. 

Descriptive  TermB. — Anatomy  is  a  descriptive  science  founded  on  observation, 
and  in  order  that  precision  and  accuracy  may  be  attained  it  is  absolutely  necessary 
that  we  should  be  provided  with  a  series  of  well-defined  descriptive  terms.  It  must 
be  clearly  understood  that  all  descriptions  are  framed  on  the  supposition  that  the 
body  is  in  the  erect  position,  with  the  arms  by  the  side,  and  the  hands  held  so  that 
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the  palms  look  forwards  and  the  thumbs  outwarda  An  imaginary  plane  of 
section,  passing  longitudinally  through  the  body  so  as  to  divide  it  accurately  into  a 
right  and  left  half,  is  called  the  mesial  plana,  Fig.  1  (M,P.).  When  the  right  and 
left  halves  of  the  body  are  studied  it  will  be  found  that  both  are  to  a  lai^e  extent 
formed  of  similar  parts.  The  right  and  left  limbs  are  alike ;  the  right  and  left 
halves  of  the  brain  are  the  same;  there  are  a  right  and  left  kidney  and  b  right 
and  left  lung,  and  so  on.  So  far  the  organs  are  said  to  be  symmetricallr  arranged. 
But  still  a  large  amount  of  asymmetry  may  be  observed.  Thus  the  chief  bulk  of 
the  liver  lies  to  the  right  aide  of  the  mesial  plane,  and  the  spleen  is  an  organ 
which  belongs  wliolly  to  the  left  half  of  the  body.  Indeed,  it  is  well  to  state  that 
)>erfect  symmetry  never  does  exist.  There  always  will  be,  and  always  must  be,  a 
certain  want  of  balance  between  Bymmetrically  placed  parts  of  the  body.  Thus 
the  right  upper  limb  is,  as  a  rule,  constructed  upon  a  heavier  and  more  massive 
plan  than  the  left,  and  even  in  those  oi^ans  where  the  symmetry  appears  most 
perfect,  as  for  instance  the  brain  and  spinal  cord,  it  only  requires  a  closer  study  to 
reveal  many  points  of  difference  between  the  right  and  left  halves.  The  line 
on   tJie  front  of  the  body  along  which  the  mesial  plane  reaches  the  surface  is 
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termed  the  anterior  median  line  ;  whilst  the  corresponding  line  behind  is  called  the 
posterior  median  line. 

It  is  convenient  to  employ  other  terms  to  indicate  other  imaginary  planes  of 
section  through  the  body.  The  term  sagittal  is,  therefore,  used  to  denote  any  plane 
which  cuts  through  the  body  along  a  path  which  is  parallel  to  the  mesial  plane 
(S  S') ;  and  the  term  coronal  or  frontal  is  given  to  any  vertical  plane  which  passes 
through  the  body  in  a  path  which  cuts  the  mesial  plane  at  right  angles  (C  C). 
The  term  horizontal  as  applied  to  a  plane  of  section  requires  no  explanation. 

Any  structure  which  lies  nearer  to  the  mesial  plane  than  another  is  said  to  be 
internal  or  mesial  to  it ;  and  any  structure  placed  further  from  the  mesial  plane 
than  another  is  said  to  lie  external  or  lateral  to  it.  Thus  in  Fig.  1,  A  is  external 
to  B ;  whilst  B  is  internal  to  A. 

The  terms  anterior  and  ventral  are  synonymous,  and  are  used  to  indicate  a 
structure  (D)  which  lies  nearer  to  the  front  or  ventral  surface  of  the  body  than 
another  structure  (E)  which  is  placed  nearer  to  the  back  or  dorsal  surface  of  the 
body,  and  which  is  thus  said  to  be  posterior  or  dorsal.  In  some  respects  it  would 
l)e  well  to  discard  the  terms  "  anterior  "  and  "  posterior  "  in  favour  of  "  ventral " 
and  "  dorsal,"  seeing  that  the  former  are  only  applicable  to  man  in  the  erect 
attitude,  and  cannot  be  applied  to  an  animal  in  the  prone  or  quadrupedal  position. 
They  have,  however,  become  so  deeply  ingrained  into  the  descriptive  language  of 
the  human  anatomist  that  it  would  hardly  be  advisable  at  the  present  moment  to 
adbpt  this  course.  A  similar  objection  may  be  raised  to  the  terms  superior  and 
inferior,  which  are  employed  to  indicate  the  relative  levels  at  which  two  structures 
he  with  reference  to  the  upper  and  lower  ends  of  the  body.  The  equivalent  terms 
of  cephalic  and  preazial  are,  therefore,  frequently  used  in  place  of  "  superior,"  and 
caudal  and  postazial  in  place  of  "  inferior." 

The  terms  proximal  and  distal  should  only  be  applied  in  the  description  of  the 
Hmbs.  They  denote  relative  nearness  to  or  distance  from  the  trunk.  Thus  the 
hand  is  distal  to  the  fore-arm,  whilst  the  upper  arm  or  brachium  is  proximal  to  the 
fore-arm. 
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Quinber  of  cells,  and  bo  is  transformed  into  a  multicellultir  mass,  the  morula.  The 
majority  of  the  "  segmentation  masses  "  or  cells,  or  blastomeres,  as  they  are  termed, 
are  differentiated  into  tissue  elements,  but  a  certain  number  retain  the  characters 
of  the  original  germ-cells  and  become  ova  or  spenn-cellB,  which  form  the  "points 
of  departure"  of  encceediug  generationa  Every  germ-cell  is  derived,  therefore, 
"  by  a  continuous  and  unbroken  aeries  of  cell- division  a "  which  have  extended 
through  the  past  from  the  most  primitive  ancestor,  and  it  forma  a  point  from 
which,  under  ordinary  circumstances,  all  future  generations  will  commence.  It  is 
in  this  sense  that  the  changes  through  which  a  living  being  passes  in  the  course 
of  its  life  "  may,  in  their  eompletest  form,  ite  considered  us  constituting  a  morpho- 
logical cycle,  beginning  with  the  ovum  and  ending  with  the  ovum  again." 

To  follow  these  changes  it  ia  necessary  that  the  characters  and  capabihties  of 
the  constructive  elements  should  be  clearly  understood.  The  animal  cell,  which 
plays  an  all-importaot  part  in  the  life-history  of  the  individual,  and  the  modified 
germ-celb  must  be  carefully  studied,  and  aa  far  aa  possible  the  exact  nature  of 
their  constituent  parts  ascertained. 

The  phenomena  of  impregnation  and  segmentation,  and  the  subsequent  develop- 
mental processes  and  morpholc^ical  changes  which  result  in  the  formation  of  the 
embryo,  and,  finally,  the  arrangements  for  the  nutrition  and  protection  of  the  ovum 
during  its  intrauterine  existence,  will  then  be  considered. 

THE  ANIMAL  CELL. 

Cells  are  the  structural  units  of  the  body.  Each  cell  has  an  individual  life- 
hiatory  within  the  tissue  or  organ  to  which  it  belongs,  it  is  produced  by  a  pre- 
existing cell,  it  develops  and  grows,  is  modified  by  circumstances,  reproduces  othvr 
cells  similar  to  itself,  or  it  dies. 

A  cell  posaeases  a  body  and  a  nucleus.  An  external  investing  membrane 
or  cell  wall  may  or  may  not  be  differentiated. 

The  cell  body  conaista  of  proto- 
Nudieoii.Fi  ""        plasm — an  unstable,  highly  complex 

:iiiuin)    organic  substance,  the  constitution 
of  which    is    approximately   repre- 
N"ci-iiH  Bented  by  the  formula  Cm,H,^NjgO^. 

aph-Tf    ^*  ^  colourless,  semi-fluid,  viscous, 
Nucieur  insoluble     in     water,     capable     of 

uiBnibrtne  osmosis,  and   it   ia  contractile  and 

^  irritable.     In  the   living   condition 

it  always  contains  a  certain  amoimt 
of    water    and    various    inoi^auic 
Flo  2  — Dmobak  ok  an  Animal  Cbli_  nmttera.     It  is  to  be  observed,  how- 

ever, that  there  are  many  varieties 
of  protoplasm,  differing  aomewhat  in  nature  and  qualities. 

The  protoplasm  of  the  cell  body  is  called  cTtoplaam.  Under  low  power?  of  the 
microscope  it  is  homc^eneous  or  slightly  granular,  but  with  higher  magnificatiou, 
and  especially  after  the  application  of  staining  agents,  it  is  possible  to  distinguish — 

(1)  A  highly  refractile,  elastic,  and  extensile  network — the  cyto-reticulnm  or 

spongioplasm — the  meshes  of  which  are  filled  with 

(2)  A  clear,  semi-fluid  substance— the  cytolymph  or  hyaloplasm. 

The  fibres  of  the  reticulum  present  some  few  minute  rounded  bodies  of  doubtful 
nature,  which  are  termed  microsomes. 

The  nuclens  is  a  spherical  vesitle  embedded  in  the  cell  body.  It  is  surrounded 
by  a  distinct  nuclear  membrane,  and  usually  contains  nucleoU. 

It  consists  of  modified  protoplasm,  which  is  termed  karyoplum,  the  precise  rela- 
tion of  which  to  the  cytoplaam  ia  not  clear.  Structurally  it  resembles  cytoplasm  in 
that  it  presents  a  fine  reticulum,  the  fibres  of  which  aeem  to  be  continuous  with 
the  cyto-reticulum  through  the  nuclear  membrane,  whilst  its  meshes  are  occupied 
''V  nuclear  juice. 
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The  reticulum  forms  a  fiue  network  cumposed  of  linin  fibres  (achromatic 
substanceX  There  is  also  a  coarser  network,  more  readily  staiuable,  consisting  of 
chromatin,  granular  portions  of  which  may  also  be  embedded  in  the  linin.  Instead 
of  forming  a  coarse  network  the  chromatin  may  be  arranged  iu  the  form  of  a  con- 
voluted cord,  or  as  a  number  of  separate  filaments,  and  in  certain  cases  it  constitutes 
a  series  of  loops  from  which  secondary  branches  are  projected,  the  apices  of  the 
ItKtpe  being  grouped  together  at  one  pole  of  the  nucleus  round  a  clear  area  known 
aa  the  "  polar  field." 

The  unclear  mombrane  consists  of  both  chromatin  and  linin. 

Nucleoli  are  of  two  kinds,  true  and  false.  A  true  nucleolus  is  a  small,  refractile 
particle,  of  spherical  outline,  embedded  in  the  reticulum.  It  stains  deeply,  and  is 
»aid  to  consist  of  a  special  modification  of  the  karyoplasm  which  is  caUed  pyrenin. 
False  nucleoli  are  simply  the  nodes  of  the  chromatin  reticulum. 

The  nucleus  is  capable  of  motion ;  it  has  been  seen  to  alter  its  shape  in 
the  living  cell,  and  it  undoubtedly  plays  an  active  part  in  the  process  of  cell 
reproduction. 

In  addition  to  the  nucleus  many  cells  contain  one  or  more  small  rounded  bodies 
called  centrosomea.  The  centrosomes  are  modified  portions  of  the  protoplasm,  and 
they  tie,  as  a  rule,  in  a  modified,  clear-looking  area  of  the  cytoplasm,  which  is 
known  ae  the  attraction  ■phei«.  This  is  generally  situated  close  to  the  nucleus, 
and  from  its  surface  a  number  of  fine  radiating  lines  project  into  the  adjacent 
cytoplasm. 

Centrosomea  become  very  evident  when  reproduction  commences,  but  are  not 
-SO  distinct  at  other  times. 

The  attraction  sphere  also  becomes  more  evident  when  cell-division  commences, 
and  the  radii  which  project  from  it,  as  well  as  the  contained  centrosome,  appear  to 
play  important  parts  in  the  reproductive  process. 

Beprodaction  of  Cells. — Cell  division  or  reproduction  may  take  place  either— 

1.  Hy  direct  division — amitosiB; 

2.  By  indirect  division — mitosis  or  karyokinesis. 

In  the  amitotic  or  direct  fonn  of  division  the  nucleus,  and  then  the  cell  body, 
are  equatorially  constricted,  the  constrictions  deepen  until  both  are  completely 
divided,  and  so  two  daughter  cells  are  produced.     Apparently  the  attraction  sphere 


Flo.  3.— Cell  DiviaiON. 
Sacivulva  sUgn  of  ntitoais  or  kar)'okmesi9  (dia^Rmmatic.   moiliHed  n^>ni   Heniivgiiy).     A.  B.  C,  D,  iiiiil  R 
illiutnla  tbe  phcuomeiia  of  the  prapbsae  ;  P  thuee  of  Che  metaphwie  ;  (i  uid  H  tliow  of  tliv  naajiliaiv  ; 
J.  K,  ind  L  thoK  or  the  leloplisse. 

and  centrosome  play  some  part  iu  this  process,  but  whether  their  influence  is 
iiiilialivp  or  directive  is  unknown. 

Mitosis,  the  process  of  indirect  division,  is  by  far  the  most  common  moilc  of 
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cell-division.  It  is  a  complex  process,  and  the  phenomena  observable  during  its 
progress  are  classified  into  four  groups :  (1)  the  prophase,  (2)  the  metaphase,  (3)  the 
anaphase,  and  (4)  the  telophase. 

The  phenomena  of  the  prophase  commence  with  the  division  of  the  centrosoiue 
and  attraction  sphere  into  two  parts  which  travel  to  opposite  poles  of  the  nucleus. 
At  the  same  time  the  reticulum  of  the  nucleus  disappears,  and  in  its  place  a  con- 
voluted cord  of  chromatin,  the  skein  or  spirem,  is  formed  (Fig.  3,  A,  B,  and  C) ; 
this  is  afterwards  broken  up  into  a  number  of  segments  which  may  be  mere  rods, 
but  which  more  frequently  have  the  form  of  V-shaped  loops  (Fig.  3,  D).  The 
nucleoli  disappear,  and  some  of  the  filaments  which  radiate  from  the  newly-forrned 
attraction  spheres  seem  to  penetrate  the  nuclear  membrane  at  the  poles  of  the 
nucleus.  The  nuclear  membrane  subsequently  disappears,  and  the  filaments 
passing  from  the  attraction  spheres  into  the  nucleus  form  two  cones,  the  bases  of 
which  meet  at  the  equator  of  the  nucleus,  where  they  fuse  together,  forming  an 
achromatic  spindle  which  extends  between  the  two  attraction  spheres  (Fig.  3,  E). 

The  loops,  or  rods,  of  chromatin  are  gradually  grouped  at  the  equator  of  the 
spindle,  each  rod,  or  chromosome,  being  apparently  connected  with  one  of  the 
achromatic  fibrils ;  and  the  prophase  is  completed. 

In  the  metaphase  each  chromosome  is  split  longitudinally  into  two  halves — 
daughter  chromosomes — which  separate  from  one  another;  the  separation  com- 
mences at  the  apex  of  each  V-shaped  chromosome,  which  appears  to  be  attached  to 
an  achromatic  fibril  (Fig.  3,  F). 

In  the  anaphase  the  daughter  chromosomes  pass  to  the  opposite  poles  of  the 
spindle.  It  is  suggested  that  this  movement  is  brought  about  by  the  contraction 
of  the  spindle  fibrils,  but  this  is  doubtful,  though  it  is  noteworthy  that  in  some 
cases  fine  achromatic  fibrils  connecting  the  separated  daughter  chromosomes  are 
present  (Fig.  3,  6  and  H).  Slightly  before,  or  simultaneously  with,  the  completion 
of  the  anaphase  the  cell  body  is  equatorially  constricted. 

During  the  telophase  the  constriction  deepens  and  the  cell  is  divided  into  two 
daughter  cells.  Whilst  this  division  is  taking  place  the  daughter  chromosomes, 
which  are  grouped  in  the  neighbourhood  of  each  attraction  sphere  at  opposite  ends 
of  the  spindle,  unite  into  a  convoluted  cord,  round  which  a  nuclear  membrane  is 
formed,  whilst  the  cord  is  converted  into  a  reticulum,  and  nucleoli  appear  (Fig.  3, 
J,  K,  L).  Therefore  when  the  separation  of  the  daughter  cells  is  completed,  at  the 
end  of  the  telophase,  each  possesses  all  the  characteristic  features  of  the  mother  cell. 

Reproductive  Cells. — The  germinal  elements,  the  union  of  which  is  essential 
to  the  formation  of  a  new  being,  are  the  ovum  or  female  element,  and  the  sperma- 
tozoon or  male  element. 

THE  OVUM. 

Structurally  an  ovum  presents  all  the  characteristic  features  of  a  typical  cell. 
It  is  peculiar  because  of  the  large  size  of  the  nucleus  and  nucleolus  and  in  the 
possession  of  two  investing  membranes,  an  inner  one,  the  vitelline  membrane, 
which  corresponds  to  the  cell  wall,  and  an  outer  one,  the  oolemma  or  zona  pellucida. 
Moreover,  the  nucleus  always  occupies  an  excentric  position  in  the  cytoplasm,  and 
the  cell  body  contains  nutritive  material  in  the  form  of  yolk  granules. 

The  constituent  parts  of  an  ovum  have  received  distinctive  names,  however ; 
thus  the  cell  body  is  known  as  the  yolk  or  vitellus,  the  nucleus  is  termed  the 
germinal  vesicle,  and  the  true  nucleolus  is  called  the  germinal  spot. 

Vitellus  or  Yolk. — The  body  of  the  ovum,  consisting  as  in  an  ordinary  cell  of 
cytoplasm  resolvable  into  reticulum  and  cytolymph,  contains  also  numerous  granules 
of  small  but  varying  size  called  yolk  granules.  These  are  highly  refractile,  fatty, 
and  albuminoid  bodies  containing  phosphorus  and  mineral  salts ;  collectively  they 
constitute  the  deutoplasm  or  nutritive  yolk,  in  contradistinction  to  the  cytoplasm  or 
formative  yolk. 

Nutritive  or  food  yolk  plays  an  important  part  in  development.  In  some 
animals  it  is  the  only  means  of  support  for  the  embryo  in  the  early  stages  of 
development ;  in  most  mammals,  on  the  other  hand,  the  embryo  is  supplied  almost 
from  the  first  with  food  not  from  the  egg  itself,  but  directly  from  the  mother 
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tliruugh  the  placenta.     The  amount  of  deiitoplasm  present  in  the  ova  of  different 
4uim^  tlierel'ore  varies  greatly. 

Ova  in  which  there  is  no  deutoplasm  are  spoken  of  as  alecithal.     Such  ova,  if 
they  exist,  are  very  rare ;  most  of  those  iisually  classed  under  this  head  undoubtedly 
contain  a  certain  amount  of  deutoplasm  granules  scattered  throughout  the  cyto- 
plasm, and  are  better  described   by  the  ^ 
[*rm  olit/olecitkal.     The  size  of  an  ovum 
is  determined  by  the  amount  of  food  yolk 
present,  and  all  oligolecithal  ova  are  small; 

ihe  human  ovum,  which  may  be  taken  as  • 

a  type  of  the  class,  is  about    2  ram.,  or  * 
,  I  jth  of  an  inch  in  diameter.  7 

As   the   deutoplasm   is    increased   in  ' 
nuiount   the  ovum  ia   increased  in  size.  s 

Tlie  deutoplasm  also  tends  to  accumulate 
in  certain  situations;  if  the  accumulation 
is  at  one  extremity  of  the  cell  the  ovum 
is  described  as  telolecithal  \  such  ova  are  ^ 
naturally  divisible  into  two  areas  or  poles, 
a  cytoplasmic  or  formative  pole,  and  a 
lieuioplasuiic  or  nutritive  pole.  ' 

In  euleloltcithal  ova  the  deutoplasm 
almost  entirely  displaces  the  cytoplasm 
from  one  pole,  as  in  the  egg  of  the  fowl,  p     .  _'r 

in  which  the  cytoplasm  is  represented  by  "'   '         (DUgramm     ) 

a  disc   spread  over  one  pole   of  a  large  ^^  ^^^^y^  rartiata,  t.  m    te       n-  e 

deutoplasniic    mass.      In    many    of   the         ovum,  b  only  rep  so   ed       h      w     >a      r 
firthropoda  the  deutoplasm  accumulates  at         *''*  liB"!^- 

the  centre    of  the  ovum,    which    is    there-    J' ^'jl^.^Sji?!  HOemlml  vaMeCnuclens). 

fiire  termed  centrolecilkai.  s' viieiihw  nHrnibrniip.  t.  GeniiiiiiiispotdiiiciBoiiu^ 

The  germinal  vesicle  or  nucleus  ot 
the  human  ovum  is  about  -05  mm.  or  j^th  of  an  inch  in  diameter,  i.e.  J  the 
diameter  of  the  whole  ovum.  It  lies  excentrically  in  the  yolk,  and  has  the  usual 
t'haracters  of  a  cell  nucleus,  i.e.  it  possesses  a  nuclear  membrane  within  which  is 
thf  karyoplaam,  divisible  into  reticulum  or  nucleoplasm,  and  nuclear  juice.  The 
nucleoplaam  consists  of  chromatin  and  achromatic  fibres  (linin),  and  the  nuclear 
jviice  contains  one  or  more  spherical  and  highly  refractile  true  nucleoli  or  germinal 
splits ;  the  nodes  of  the  reticulum  constitute  false  nucleoli. 

lij  addition  to  the  uucleua,  the  vitellus,  at  certain  periods,  also  conUins  a  structure 
kiiDwu  aa  the  vitelline  body,  body  of  Balbiani,  or  accessory  uucleua.  It  ia  readily  Been 
ill  young  ovu  lying  near  the  nucleus.  It  contains  one  or  more  ceiitroaonies,  and  probably 
ri'ijruHcntB  an  attraction  sphere. 

Yltelline  Membrane.  —  The  vitelline  membrane  is  simply  the  peripheral 
jtortion  of  the  vitellus,  modified  and  transformed  into  a  fine  structureless  envelope 
which  covers  the  outer  surface  of  the  yolk.  It  is  usually  closely  applied  to  the 
inner  aspect  of  the  outer  membrane,  the  zona  pellucida,  and  is  best  seen  in  the 
dead  ovnm  and  after  treatment  by  reagents.  It  is  therefore  thought  by  some  to 
hi-  merely  a  condensation  of  the  outer  part  of  the  vitellus  produced  by  the  action  of 
the  reagents.  There  is  evidence,  however,  to  show  that  it  is  present  in  the  normal 
living  ovum. 

Zona  Pellacida  or  Oolemma.— This  membrane  is  thick,  tough,  and  refractile. 
It  Ber\'e8  as  a  protective  covering  for  the  ovum,  and  persists  for  a  considerable 
time  after  fertilisation,  only  disapjiearing  when  the  ovum  becomes  attached  to 
the  uterus.  It  is  perforated  by  numerous  fine  canals,  which  give  to  the  broad  clear 
membrane  a  finely  striated  appearance,  from  which  circumstance  it  has  been  called 
the  ■'  zona  striata,"  The  zona  pellucida  is  not  formed  by  the  ovum,  but  is  secreted 
liy  the  celb  of  the  Graafian  follicle  in  which  the  ovum  lies ;  it  ia  consequently 
regarded  as  a  secondary  membrane,  and  ia  altogether  different  from  the  ritelline 
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membrane.  The  perforations  in  the  zona  serve  for  the  passage  of  nutritive 
material  to  the  ovum. 

When  the  ovum  leaves  the  Graatiun  follicle  it  is  surrounded  by  seveml  layers 
of  cells,  the  innermost  of  which  are  coluumar.  They  are  derived  from  the  cells  of 
the  follicle,  and  collectively  constitute  the  corona  radiata ;  the  cells  gradually 
diminish  in  size,  and  ultimately  disappear.  Their  function  is  unknown,  but 
between  them  and  the  zona  pellucida  there  is  a  layer  of  granular  matter,  probably 
formed  by  the  cells  of  the  corona  radiata,  which  rapidly  swells  up  when  the  ovuui 
is  liberated  from  the  follicle,  and  forms  a  gelatinous  elastic  layer  called  the  albumen  ; 
this  increases  in  thickness  as  the  ovum  passes  along  the  oviduct,  and  peraiate  fur 
some  time  after  it  enters  the  uterine  cavity.  The  function  of  the  albumen  has  not 
been  definitely  ascertained;  it  may  act  merely  as  a  protective  covering  against 
undue  pressure,  possibly  it  may  be  nutritive,  whilst  in  the  dog  it  apparently  helps 
to  lix  the  ovum  to  the  wall  of  the  uterus.  It  has  not  been  found  in  all  mammalian 
ova,  and  it  has  not  been  seen  round  the  human  ovum ;  still  it  may  be  present,  for 
human  ova  at  the  stage  when  it  might  be  expected  to  develop  have  not  yet  been 
observed. 

Special  Cbaracters  of  the  Orum.— The  ovum  as  it  lies  in  the  Graafian 
follicle  presents  no  obvious  structural  modifications  when  compared  with  an 
ordinary  animal  cell,  but  undoubtedly  differs  greatly  in  its  capabihties  and  life 
history.  Unlike  an  ordinary  cell,  it  has  no  inherent  power  of  division  into  two 
equal  parts,  but  before  it  is  capable  of  fertilisation  it  twice  undergoes  unequal 
division  during  the  period  of  ripening  or  maturation ;  again,  its  history  is  different 
from  that  of  ordinary  tissue  cells,  though  it  corresponds  closely  with  that  of  the 
male  germinal  elements  or  spermatozoa. 

Matoration  of  the  Ovum. — As  it  lies  in  the  Graafian  follicle  before  matara- 


Fin.  6.— TBI  Matdbation  of  thb  Ovum:   EsiRusmN  of  tbk  '■  Polar  Bodiks  "  (Dwgrammatie). 

A.  An  ovum  at  the  conimpncenieiit  of  the  jirocess  ;  B,  After  the  foriu«lioii  of  the  spindle.     The  chromonomes 

are  galJiered  at  Che  eqinttjir  of  the  spiiiiHe.     C,  One  api-x  of  the  spindle  has  proj«cl«ij  into  a  bud  ou  tli« 

surface,  and  half  of  the  divideit  dyails  hSve  |>assc'd  to  each  pole  ;  D.  The  8ei.arntioD  of  the  tirat  jxilnr 

Imily  ;  E.  The  commeiiceiQciil  of  tlie  second  polar  body  ;  F.  The  completion  of  the  second  polar  bcxlj-. 

tion  commences,  the  ovum  is,  strictly  speaking,  an  oocyte  of  the  first  order,  derived 
by  a  process  of  cell-division  and  growth  from  a  primitive  germinal  cell  which 
became  embedded  in  the  ovary.  The  more  direct  descendants  of  this  primitive 
germ  cell  are  called  oogonia,  and  from  them  oocytes  of  the  first  order  are  devel"iieil. 
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The  oocyte  of  the  first  order  is  at  first  small,  but  as  the  Graafian  follicle  in  which 
it  lies  grows  the  oocyte  also  increases  in  size,  and  either  before  or  immediately 
after  its  extrusion  from  the  follicle  it  undergoes  the  changes  which  constitute 
maturation  or  preparation  for  fertilisation ;  in  other  words,  it  divides  twice  into 
unequal  parts  by  a  modified  process  of  mitotic  division. 

It  is  a  well-known  fact  that  all  animal  cells  contain  in  their  nuclei  a  definite 
number  of  chromosomes,  the  number  varying  in  different  groups  of  animals,  but 
being  constant  in  any  given  species,  and  both  the  primitive  germ  cells  and  the 
oogonia  descended  from  them  contain  the  same  number  of  chromosomes  as 
ordinary  tissue  cells.  But  when  the  oocyte  of  the  first  order  begins  to  prepare  for 
the  first  division  during  the  process  of  maturation,  it  is  seen  that  the  number  of 
chromosomes  it  contains  is  only  half  that  of  the  ordinary  tissue  cells.  Moreover, 
the  chromosomes  are  not  slender  V-shaped  loops,  but  short,  thick  rods  in  rings  or 
groups  of  four  granules,  and  if  they  are  rod-like  they  do  not  lie  in  the  prophase  with 
their  long  axes  at  an  angle  with  the  achromatic  spindle,  as  in  ordinary  mitosis,  but 
parallel  with  the  filaments  of  the  spindle.  During  the  metaphase  the  chromosomes 
do  not  split  longitudinally  as  in  ordinary  mitosis,  but  transversely.     This  modifica- 


Oocyte  of  1st  onler 


Oocyte  of  2ud  order 


l8t  polar  body 


Descendant  of  Descendant  of 

Ist  polar  body  Ist  polar  body 

Mature  "ovum 

Fii;.  6. — Diagram  illustra-Ano  the  Maturation  of  the  Ovum.     It  must  be  remembered  that  in  some 
cases  only  one  polar  body  Ls  formed,  and  in  others  the  first  polar  body  does  not  divide  into  two  parts. 

tion  of  ordinary  or  homotype  mitosis  is  known  as  heterotyj^e  mitosis ;  it  takes  place 
not  only  in  oocytes  of  the  first  order  at  the  commencement  of  maturation,  but  also 
in  the  cells  of  malignant  tumours,  and  its  exact  signification  is  not  understood. 
If  we  imagine  that  the  nuclei  of  the  tissue  cells  of  the  animal  with  which  we  are 
dealing  contain  six  chromosomes  each,  then  at  the  commencement  of  the  first 
maturation  division  of  the  oocyte  only  three  chromosomes  will  be  seen  on  the 
spindle  which  forms.  The  spindle  at  its  appearance  is  parallel  with  one  surface 
of  the  ovum,  but  it  gradually  rotates  till  it  stands  at  right  angles  to  the  surface 
upon  which  it  impinges,  pushing  a  small  part  of  the  cytoplasm  before  it  in  the 
form  of  a  small  bud  (Fig.  5,  B  and  C).  In  the  anaphase  the  chromosomes  divide 
transversely,  and  three  half  chromosomes  pass  to  the  inner  end  of  the  spindle  and 
three  tr>  the  outer  end,  that  is,  into  the  bud-like  projection.  When  the  telophase 
Ik  completed  the  oocyte  of  the  first  order  is  divided  into  a  small  part,  the  first  polar 
body,  and  a  larger  part,  the  occsrte  of  the  second  order,  and  each  contains  three 
chromosomes  (Fig.  5,  D).  Almost  immediately  the  heterotype  division  is  followed  in 
the  oocyte  of  the  second  order  by  a  homotype  division,  no  resting  stage  interven- 
ing. A  new  spindle  appears,  the  three  chromosomes  radiate  from  its  equator 
in   the   usual   way,  and    they   divide   longitudinally.      Three   of    the    daughter 
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chromosomes  pass  to  the  inner  end  of  the  spindle  and  three  to  the  outer,  which 
projects  into  a  second  polar  bud.  Division  now  occurs,  and  the  oocyte  of  the 
second  order  divides  into  the  mature  ovum  and  the  second  polar  body,  each  of  which 
contains  three  chromosomes  in  its  nucleus  (Fig.  5,  E  and  F).  Thus  at  the  end  of 
maturation  there  lie  within  the  zona  pellucida  the  mature  ovum  and  two  polar 
bodies,  and  the  nucleus  of  the  mature  ovum,  or  female  pronucleus  as  it  is  called, 
contains  half  the  number  of  chromosomes  which  were  present  in  the  primitive 
germ  cell.^ 

THE   SPERMATOZOON. 

Spermatozoa  are  modified  cells  produced  in  the  testicles  or  male  generative 
glands.  They  are  formed  from  the  spermatogonia  or  sperm  mother  cells  which  are 
derived  from  the  primitive  germ  cells  of  the  testicle,  and  which  ultimately  produce 
the  spermatocytes  of  the  first  order  (Fig.  7),  the  latter  constituting  the  immediate 
point  of  departure  in  the  production  of  a  spermatozoon,  and  corresponding  therefore 
with  the  ovum  or  oocyte  of  the  first  order  immediately  before  its  maturation 
commences.  The  daughter  cells  of  the  spermatocytes  of  the  first  order  art^ 
spermatocsrtes  of  the  second  order,  and  their  descendants  the  spermatids  are  the 
granddaughter  cells  of  the  spermatocytes  of  the  first  order.  The  spermatids 
become  closely  associated  with  special  sustentacular  or  nurse  cells,  and  during  this 
association  are  converted  into  spermatozoa. 

Each  spermatid  is  a  cell  possessing  a  cell  body,  a  nucleus,  two  centrosomes,  and 
a  structure  known  as  an  idiosome.     The  latter  is  believed  by  some  authorities  to 

Spennatocytc  of  Ist  order 


Spermatocyte      I  Qi/\         \  I  rv  1        -I 8perniatocyt<* 

of  2nd  order  "V        vV/  J  I  Vyv'         i      of  2nd  order 


Spermatid  8i)ermatid  Spermatid  Spermatid 


Fio.  7.— Diagram  illustrating  the  Process  of  Cell-Division  resulting  in  the  Formation  of 

Spermatids  which  are  afterwards  modified  into  Spermatozoa. 

represent  the  attraction  sphere,  whilst  others  look  upon  it  as  a  special  modification 
of  the  protoplasm  only  established  during  the  process  of  mitosis,  and  distinct  from 
the  attraction  sphere.  However  this  may  be,  the  nucleus  of  the  spermatid  becomes 
the  head  of  the  spermatozoon  (Fig.  9).  The  idiosome  forms  the  head  cap,  a  tail 
filament  grows  out  from  the  region  of  the  centrosomes,  and  the  body  of  the 
spermatid  forms  part  if  not  all  of  the  neck,  body,  tail,  and  end  piece  of  the 
spermatozoon.  The  centrosomes  become  embedded  in  the  neck,  one  at  its  cephahc 
and  the  other  at  its  caudal  end.  The  axial  filament  is  closely  connected  with 
the  posterior  centrosome,  which  has  possibly  united  with  the  cytoplasm  in  its 
formation. 

^  lu  the  mouse,  aiid  probably  also  in  Ronie  other  mammals,  only  one  polar  body  is  formed  in  mnny  cases. 
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There  is  no  doubt  that  the  mature  ovum  and  the  spermatozoon,  so  far  as  their 
development  is  concerned,  are  very  similar.  Each  is  derived  from  a  primitive 
germ  cell,  which  becomes  embedded  in  the  generative  gland.  From  the  primitive 
germ  cell  in  the  one  case  oogonia  are  formed  and  in  the  other  spermatogonia,  and 
from  the  oogonia  and  spermatogonia  respectively  oocytes  and  spermatocytes  of  the 
first  order  are  derived.  The  oocyte  of  the  first  order  divides  by  heterotype  mitosis 
into  an  oocyte  of  the  second  order  and  the  first  polar  body,  and  the  spermatocyte 
of  the  first  order  divides,  also  by  heterotype  mitosis,  into  two  spermatocytes  of  the 
second  order.  By  a  second  and  homotype  mitosis  the  oocyte  of  the  second  order 
divides  into  a  mature  ovum  and  a  second  polar  body,  and  the  8])ermatocyte  of  the 
second  order  divides  into  two  spermatids.  Thus  the  final  result  of  the  division  of 
the  spermatocyte  of  the  first  order  is  the  formation  of  four  granddaughter  cells  or 
spermatids,  each  of  which  contains  half  the  number  of  chromatic  particles  present 
in  the  primitive  germ  cell,  whilst  the  final  result  of  the  division  of  the  oocyte  of 
the  first  order  is  the  production  in  some  cases  of  only  three  granddaughter 
cells,  the  mature  ovum  and  two  polar  bodies,  but  in  many  cases  the  first 
polar  body  divides  in  the  homotype  manner  simultaneously  with  the  division 
of  the  oocyte  of  the  second  order,  and  thus  the  final  result  of  the  division 
of  the  oocyte  is  four  granddaughter  cells,  the  mature  ovum  and  three  polar 
iKxlies,  each  containing  half  the  number  of  chromosomes  present  in  the  primitive 
germ  cell.     There  are,  however,  two  differences  of  importance  between  the  male 

and  the  female  elements.    The 
final  result  of  the  division  of  the 

_   Head    fc-il   female  element  is  one  mature 

ovum  immediately  capable  of 
Body  IJ  fertilisation  and  further  develop- 
ment, and  two  or  three  polar 
bodies  which  are  incapable  of 
further  development  and  which 
ultimately  disappear.  On  the 
other  hand,  the  result  of  the 
division  of  the  male  element  is 
the  production  of  four  equal 
parts,  the  spermatids,  each  of 
which  undergoes  further  modi- 
fication, and  is  transformed  into 
a  spermatozoon  capable  of  fertil- 
ising a  mature  ovum. 

A   spermatozoon,  like    an 
ovum,  is  a  nucleated  mass  of 

Fio.  8.  -Human  Spermatozoa    cytoplasm,  but  it  presents  strik- 

(after  Retzius).  ing  modifications  in  structure. 

A,  Side  view ;  6,  Front  view.    It  is  vcry  Small,  and  possesscs  a 

head,  a  neck,  a  body,  a  tail,  and 
an  end  piece  (Fig.  8).  In  addition  it  is  provided  with 
a  head  cap  which  covers  more  than  the  anterior  half 
of  the  head  (Fig.  9).  This  cap  is  modified  over  the  apex 
of  the  head  into  a  sharp  cutting  edge,  by  means  of  which 
the  spermatozoon,  driven  forward  by  the  movement  of  the 
tail,  pierces  its  way  through  the  oolemma  of  the  ovum. 

In  the  short  neck  are  an  anterior  and  a  posterior    Bud  piece 
centrosome  separated  by  an  intermediate  disc,  and  from 
the    posterior    centrosome   an   axial   filament   extends  fio.  9.— strdctubk  of  a  Human 
through  the  body  and  tail,  and  terminates  posteriorly  as     Spermatozoon  (after  Meeves). 
the  end  piece.     The  axial  filament  is  surrounded  by  a 

sheath  which  is  thicker  in  the  body  than  in  the  tail.  Outside  the  sheath  of  the 
axial  filament,  in  the  body,  is  a  spiral  sheath,  and  this  is  enclosed  by  a  sheath  of 
punctiform  substance,  the  mitochondrial  sheath,  which  rests  at  the  lower  end  of 
the  body  on  an  annulus  or  terminal  disc. 


Tail 


End  piece- 


Tail  -. 


Head  cap 


Aut.  centroeome 
Post  centroHome 

Axial  fibre 

spiral  sheath 
Mitochondrial 
sheath 
Terminal  disc 


Axial  fibre 


,  Sheath  of  axial 
fibre 


I 


16  GENERAL  EMBRYOLOGY. 

A  tranaveree  Btriation  or  the  head,  a  spiral  filament,  a  spiral  sheath  associated 
with  the  body  and  tail,  and  a  terminal  spear  connected  with  the  head  have  been 
described  by  Bardleben  and  others,  but  apparently  they  do  not  exist  normally  as 
parts  of  the  human  spermatozoon. 

The  head  of  the  spermatozoon  is  ovoid  and  laterally  compressed,  so  that  when 
viewed  from  the  side  it  appears  pointed ;  it  is  about  45  /i  long,  25  /t  broad,  and 
1-5  n  thick.  The  body  is  somewhat  longer  than  the  head,  and  the'  tail  is  six  times 
as  long  as  the  body,  therefore  the  total  length  of  the  spermatozoon  is  about  one- 
fifth  of  the  diameter  of  the  ovum. 

FERTILISATION  OF  THE  OVUM  AND  THE  RESULTS  THAT  ENSUE. 

Fertilisation, — The  mature  ovum  is  fertilised  by  a  spermatozoon.  The  two 
generative  elements  meet,  and  fertilisation  takes  place  aa  a  rule  in  the  upper 
part  of  the  Fallopian  tube.  The  spermatozoon  penetrates  the  zona  peilucida  of 
the  ovum,  cutting  through  it  by  means  of  the  sharp  edge  of  its  head  cap.  At  the 
same  time  a  conical  projection,  the  cone  of  attraction,  appears  on  the  surface  of 
the  ovum,  within   the  zona  peilucida,  directly   )jeneath  the  point  at  which   the 
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8i)ermatozoon  is  entering.  The  head,  and  probably  a  portion  of  the  body  of  the 
spermatozoon,  plunge  into  the  cone  of  attraction ;  the  remainder  of  the  body  and  the 
tail  are  cast  off  and  disappear.  The  portion  of  the  spermatozoon  which  entt^rs  the 
cytoplasm  of  the  ovum  is  converted  into  a  nucleus,  the  male  pronnclens,  wliich  is 
accompanied  by  its  attraction  sphere  and  ceutrosome.  When  the  male  pronucleus 
is  distinctly  formed  the  granules  of  the  cytoplasm  in  its  neighbourhood  begin  to 
radiate  around  it,  as  if  under  its  influence,  and  the  pronucleus  itself  travels 
inwarda 

As  the  male  pronucleus  approaches  the  female  pronucleus  the  latter  sliowB 
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sigtia  of  activity,  it  undergoes  changea  of  form,  aud  moves  to  meet  the  male 
proDucleus.  For  a  time  the  two  proauclei  lie  in  juxtipoaition,  aud  ultimately  they 
fuse  together,  forming  the  flret  aegmentation  nncleiu. 

The  tirat  segmentation  nucleus  is  accompanied  by  two  centrosomes  which  lie  at 
its  opposite  poles,  and  are  the  products  of  the  male  oentrosome  which  divides  as 
the  pronuclei  fuse. 

The  fsrUluad  ovnm,  the  product  of  the  fusion  of  the  mature  ovum  aud  the 
spermatozoOQ,  contains  iu  its  nucleus,  the  first  segmentation  nucleus,  the  same 
number  of  chromosomes  as  the  primitive  ovum  or  the  sperm-mother  cell,  but  the 
chromosomes  of  the  segmentation  nucleus  are  derived  partly  from  a  male  aud 
partly  from  a  female  individual. 

According  to  some  authorities,  both  the  male  and  female  pronuclei  ai'e  aocompanied  by 
oeiitroaonies,  and  at,  the  moment  of  union  of  the  pronuclei  each  centrosoiue  divides ;  thus  four 
half-centroeomiH  are  formed,  two  male  and  two  female.  From  the  four  half-centroBomea  two  new 
c«utroeomes  are  formed  by  the  uniou  of  half  a  male  centroBome  with  half  a  female  centrosome. 
If  this  view  be  correct,  each  of  the  two  centrosomes  which  accompany  the  flrst  segmentation 
nucleus  contains  both  male  and  female  elements. 

SejpneiltatiOD. — Segmentation  is  the  division  of  the  fertilised  ovum  (oosperm) 
into  a  number  of  cells.  These  cells  are  afterwards  arranged  in  layers — the  germinal 
layers  or  layers  of  the  blastoderm  ;  ultimately  they  are  differentiated  into  the  tissue 
elements  of  the  body. 


FlO.  II.— SEOMENtAIIOH   OP  TBE   FbRTIUSBD   OVUI 
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All  the  phenomena  of  segmentation  have  not  been  observed  in  the  human  ovum, 
and  it  is  to  be  understood  that  the  following  description  is  based  chiefly  upon  the 
conditions  met  with  in  rodents,  more  especially  in  the  rabbit,  an  animal  well 
adapted  for  the  study  of  these  phenomena. 

After  a  period  of  quiescence,  which  succeeds  the  fusion  of  the  male  aud  female 
pronuclei,  a  period  of  activity  supervenes,  during  which  repeated  divisions  of  the 
impregnated  ovum  result  in  the  production  of  a  solid  mass  of  cells  called  a  momla. 
The  divisions  are  mitotic,  and  all  the  phenomena  associated  with  mitosis  are  readily 
observable  in  properly  prepared  specimens. 

The  planes  which  separate  the  several  segments  of  the  divided  ovum  in  its 
various  stages  are  termed  the  "  planes  of  aegmentation,"  and  in  some  animals  the 
first  plane  by  which  the  ovum  is  divided  into  the  first  two  daughter  cells  coincides 
with  the  future  mid-axial  or  mesial  plane  of  the  body,  the  descendants  of  the  cell 
lying  to  the  right  of  it  being  developed  into  the  right  half  of  the  body,  and  those 
of  the  cell  to  the  left  into  the  left  half.  There  is  no  proof,  however,  that  this 
occurs  in  mammals ;  all  that  is  definitely  known  is  that  the  first  division  separates 
the  ovum  into  two  parts  of  unequal  size  but  of  similar  colour  and  structure. 

The  second  plane  of  segmentation  is  at  right  angles  to  the  first,  and  it  separates 
the  two  daughter  cells  into  four  granddaughter  cells,  of  which,  in  some  cases,  two 
may  be  lai^r  and  two  smaller.  The  subsequent  divisions  occur  irregularly,  and 
they  result  in  the  formation  of  numerous  cells  (blastomeres)  which  apparently  only 
diSer  in  size  in  the  rabbit,  but  which  also  differ  iu  appearance  in  many  mammals. 
Tbey  are  mixed  together  so  irr^ularly  that  it  is  impossible  to  distinguish  the 
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descendants  of  one  daughter  cell  from  those  of 
the  other,  and  in  this,  the  mornla  stags,  there 
is  frequently  no  indication  of  any  separation 
of  the  cells  into  layers.  In  the  meantime  the 
]K)]ar  bodies  have  disappeared. 

The  next  phenomenon  of  importance  is  the 
appearance  of  a  cavity — the  Begmentation  cavity 
— in  the  morula ;  the  ovum  assumes  a  vesicular 
character,  aad  is  now  termed  a  Uaatala.  Simul- 
taneously with  the  appearance  of  the  cavity 
the  cells  of  tlie  morula  are  arranged  in  two  groups 
— an  outer  and  an  inner.  The  cells  of  the  outer 
group  form  a  layer,  the  primitive  ectoderm  or 
epiblast ;  those  of  the  inner  group  remain  massed 
tc^ther  and  constitute  the  inner  cell  mass.  The 
two  groups  are  in  contact  at  one  pole  of  the 
ovum,  and  it  is  in  this  region  that  the  embryo 
develops  {Fig.  12,  A). 

Id  the  rabbit  and  in  some  other  mammals 
the  outer  cells  of  the  inner  mass  at  the  embrj'onic 
pole  of  the  ovum  blend  with  the  superjacent 
primitive  ectoderm  (Eauber's  cells)  to  form  the 
embryonic  ectodemL  This  is  merely  a  modi- 
fication of  the  more  general  plan,  by  which  tlie 
inner  cell  mass  becomes  the  inner  layer  of  the 
now  vesicular  ovum,  but  the  conversion  of  the 
inner  mass  into  the  entoderm  may  take  place 
in  two  different  ways. 

(1)  In  the  rabbit  and  in  many  other  mam- 
mals the  inner  mass  gradually  ilattens  out  till 
its  cells  form  a  layer  at  the  embryonic  pole, 
and  the  wall  of  the  vesicular  ovum,  which  is  now 
called  a  blastodermic  vesicle,  is  partly  unilaminar 
and  partly  bilaminar  (B^,  Fig.  12).  Gradually, 
however,  the  margins  of  the  entodemial  layer 
extend,  and  ultimately  the  cavity  of  the  vesicle 
is  surrounded  by  two  complete  layers,  ectoderm 
and  entoderm. 

In  the  hedgehog,  in  monkeys,  apes,  and  the 
human  subject,  a  cavity  appears  in  the  inner 
cell  mass  (B'^  Fig.  12),  and  the  cells  around  it 
assume  a  laminar  character,  constituting  the  en- 
toderm, which  is  separated  from  the  ectoderm, 
except  in  the  embryonic  area,  by  the  original 
cavity  of  the  blastodermic  vesicle. 

In  the  case  of  the  hedgehog  the  cavity 
in  the  entoderm  expands  until  the  entoderm  ia 
forced  into  contact  with  the  ectoderm,  and  a 
condition  is  attained  similar  to  that  met  with 
in  the  rabbit  (C,  Fig.  12),  but  in  monkeys,  apes. 
and  the  human  subject  the  expansion  of  the 
entoderm  cavity  is  not  so  great,  and  the  entoderni 
does  not  attain  contact  with  the  ectoderm 
except  in  the  embryonic  area. 

Ill  amphioxus  and  many  of  the  invert«brata  tlie 
results  of  tlie  segmentation  are  not  quite  the  same 
aa  in  mammals,  for  at  a  very  early  period,  without 
the  definite  forma^tion  of  a  morula  mass,  the  segmenta- 
tion cells  arrange  themselves  In  alayerrounda  central 
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cavity  and  form  a  complete  unilaminar  blastoderm.  In  these  cases  the  bilaminar  condition 
is  produced  by  the  invagination  of  a  portion  of  the  wall  of  the  vesicle.  The  opening  at 
which  the  invagination  occurs  is  called  the  blastopore.  The  cavity  enclosed  by  the 
invaginated  cells  is  the  archenteron^  or  primitive  alimentary  cavity  or  gastrula  cavity. 
Except  at  the  blastopore  the  cavity  is  surrounded  by  two  layers  of  cells,  an  outer  the 
ectoderm,  and  an  inner  the  entoderm,  and  the  animal  at  this  period  of  its  development  is 
a  gastrula.  In  the  mammal  the  cells  which  become  invaginated  in  amphioxus  to  form 
the  entoderm  are  enclosed  in  the  interior  of  the  morula  mass  at  a  very  early  period  of  the 
segmentation,  before  the  vesicular  condition  is  attained,  but  eventually,  as  already  pointed 
out,  they  form  a  layer  inside  the  ectoderm  and  they  enclose  a  cavity,  the  blastodermic 
cavity,  which  is  homologous  with  the  archenteron  or  gastrula  cavity  of  the  lower  forms, 
but  the  cavity  is  closed  and  the  blastopore  is  not  obvious.  In  amphioxus,  however,  the 
blastopore  becomes  elongated  antero-posteriorly,  and  along  the  margins  a  third  layer,  the 
mesoderm,  grows  out  between  the  two  primitive  layers.  In  the  mammal,  on  the  other 
hand,  after  the  entoderm  and  ectoderm  are  definitely  established,  a  linear  streak,  called 
the  primitiye  streak,  to  which  further  reference  will  be  made,  appears  on  the  surface  of 
the  ovum ;  this  becomes  perforated  at  its  anterior  end,  and  from  its  margins  and  mesoderm 
extends  outwards;  clearly,  therefore,  it  represents  the  blastopore  of  amphioxus  though 
an  actual  perforation  is  only  present  for  a  short  time,  and  the  mammalian  ovum  at  this 
period  may  be  looked  upon  as  a  gastrula. 

The  ectoderm  and  entoderm  together  constitute  the  blastoderm  or  blastodermic 
membrane,  which  is  bilaminar,  and  the  vesicle  of  which  they  form  the  wall  is  no 
longer  spoken  of  as  the  blastula,  but  as  the  blastodermic  vesicle. 

Stmctore  of  the  Ectoderm  and  Entoderm. — The  cells  of  the  ectoderm  are  at 
first  irregular  in  size  and  shape,  and  their  outUnes  are  indistinct ;  but  after  a  short 
time  the  ectoderm  cells  at  one  pole  of  the  blastodermic  vesicle  become  cubical  or 
slightly  columnar,  whilst  the  remaining  cells  of  the  outer  layer  are  flattened  and 
have  irregular  outlines. 

The     columnar     cells  ^ ...^ 

form  the  ectoderm  of  /^  >. 

the   embryo,  and   the  /  \ 

flattened  ceUs  are  util.  /        ..^.       \  I        j^'        n      J^SSJ*'^^"''' 


c 
area' 


ised  in  the  formation  of  Embryoni 

nutritive  and  protec-  .        .  »,     , 

tive  Structures  known  \       '^^v.i^^        /  \         \     r^:  r«treek 

as   the    placenta   and 

fcBtal  membranes. 

The  cells  of  the  en-  V^  ^  \  /^  Mesoderm 

toderm  are  also,  at  first,  

very  irregular  in  shape  a  b 

and     size,     but    alter-  pj,j^  13^ — Surfacb  View  of  the  Blastodermic  Vesicle. 

wards,     as  ^   tney      are  showing  the  embryouic  area  and  the  commeiicenieut  of  the  mesoderm. 
spread  out  mto  a  layer,  ^^    Before   the  appearance   of  the   primitive  streak— the   embryonic   area   is 

they   become    more   or  circular  in  form  and   bilaminar  throughout ;  B,  After  the  appearance  of 

less  rounded  and  they  ^^®  primitive  streak.     The  posterior  end  of  the  primitive  streak  shows 

f               f'       fKorlw  *  crescentic  thickening,  which  indicates  the  commencement  of  the  meso- 

anasiomose  lOgeiner  oy  ^^^^^  ^^  middle  layer  of  the  blastodermic  membrane. 

filamentous  processes. 

At  a  still  later  period  they  are  transformed  into  polygonal  plates  which  appear 

spindle-shaped  in  section  (Fig.  12). 

Embryonic  Area.  —  When  the  upper  pole  of  the  bilaminar  blastodermic 
vesicle  is  examined  in  surface  view  from  above,  a  dark,  somewhat  opaque  circular 
area  is  visible ;  this  is  known  as  the  embryonic  area.  It  is  coextensive  with  the 
columnar  portion  of  the  ectoderm.  Very  soon  after  it  appears  the*  embryonic  area 
becomes  ovoid :  the  small  end  of  the  ovoid  area  is  posterior,  that  is,  it  lies  in  the 
rejrion  which  is  afterwards  converted  into  the  posterior  part  of  the  embryo.  At 
the  hinder  end  of  the  ovoid  area  a  still  darker  patch  of  triangular  form  is  developed ; 
this  soon  becomes  crescentic,  and  is  the  first  indication  of  the  primitive  streak  and 
of  the  formation  of  a  third  blastodermic  layer  termed  the  mesoderm  or  mesoblast. 

The  primitive  streak  consists  of  thickened  ectoderm  which  is  seen  in  transverse 
sections  projecting  downwards,  and  resting  upon  the  entoderm  in  the  form  of  a  ridge. 
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From  the  Bides  and  the  posterior  extremity  of  the  ectodermal  ridge  a  lamina  of 
cells  projecta  outwards,  and  gradually  insinuates  itself  between  the  ectoderm  and 
the  entoderm  over  the  whole  area  of  the  vesicle,  except  in  certain  regions  to  be 
afterwards  described.  This  lamina  is  the  rudiment  of  the  mesoderm.  With  the 
formation  of  the  mesoderm  the  blastodermic  membrane  becomes  trilaminar. 


Fio.  U.— Thk  Upper  Pole  of  thb 

Showing  the  eiii1)r;-ouio  area.  tb«  primitive  »tre«li  with  the  exteoBioa  of  Ihe  niesodenii  froai  its  sitles  and 

posterior  end.  and  the  commencemeut  of  the  neural  groove. 

A,  Surface  view  (diagram uiatic) :  B  and  C.  Traiisverse  aectiaoa  through  tbv  likstoderni  of  thr  ferret  at  tlie 

stage  represented  ill  A  nud  along  the  lines  b  and  e  respectively. 

The  majority  of  the  cells  of  the  mesoderm  are  derived  from  those  of  the 
primitive  streak,  but  it  is  said  that  cells  from  the  entoderm  also  take  part  in  its 
formation.  Young  mesodermal  cells  are  round  or  ovoid,  and  some  give  off  numerous 
processes.  In  later  stages  they  may  assume  various  shapes,  and  many  closely 
resemble  the  cells  of  the  ectoderm  or  those  of  the  entoderm. 

As  the  blastodermic  vesicle  grows,  the  embryonic  or  germinal  area  becomes 
pyriform  and  increases  in  length,  principally  in  the  posterior  part  of  its  extent 
where  the  primitive  streak  is  situated ;  at  the  same  time  the  streak  lengthens  and 
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Flu.  15.— Traksveiisi  Section  of  a  Ferret  Ehhrto. 

Showing  neural  groove  liefore  the  wparatioii  of  the  pnrotisl  from  the  lateral  meiodenn. 

C.      Oelom.  GC.  Germinal  cell.  PM,   Paraiial  mesoilerm.  8oM.  Somatic  niesodenn. 

EC.   Ectoderm.  N.     Notochord.  SB.    Spongioblast.  SoP.  Somatopleore. 

EN.  Eiitdlerm.  NG.  Neural  groove.  SG.    Spinal  ganglion.  SpM.  i^planchuic  mesoderm. 

Hpl'.  Splauchnopleure. 

becomes  more  linear.  For  a  short  time  a  groove,  the  prlmitiTe  groove,  appears  on 
the  surface  of  the  streak.  It  is  deepest  in  front,  where  in  some  mammals,  includ- 
ing man,  a  small  transitory  perforation  is  formed,  the  neorenteric  canal. 

A  second  broader  and  shallower  groove  then  appears  in  the  embryonic  area 
immediately  in  front  of  the  primitive  streak ;  this  is  the  nennl  groove,  the  rudiment 
of  the  nervous  system.  The  neural  groove,  its  bounding  folds,  and  the  nervous 
system  subsequently  developed  from  them  are  formed  entirely  of  ectodermal  elements, 
which  at  first  are  continuous  with  those  forming  the  outer  layer  of  the  embryo. 
The  posterior  end  of  the  neural  groove  embraces  the  anterior  end  of  the  primitive 
streak  and  groove,  and  at  this  period  the  neurenteric  canal  forms  a  communication 
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between  the  interior  of  the  ovum  and  the  bottom  of  the  neural  groo\-e,  wiiich 
latter  afterwards  becomes  the  closed  canal  of  the  central  nervous  ej-Btem.  In  Bome 
vertebrates  the  neurenteric  canal  persists  for  a  considerable  period,  and  upon  the 
development  of  the  aUuientarj  canal  it  constitutes  a  communicating  channel 
between  it  and  the  cavity  of  the  neural  tube. 

As  the  neural  groove  grows  backwards  the  anterior  part  of  the  primitive  streak 
Ib  absorbed,  and  although  the  posterior  part  continues  to  grow,  the  primitive  streak 
as  a  whole  diminishes  in  length ;  ultimately  the  greater  part  of  the  primitive 
streak  disappears,  but  a  portion  is  recognisable  for  a  considerable  time  extending 
from  the  base  of  the  tail,  a  transitory  structure  in  the  human  embryo,  to  the 
ventral  wall  of  the  body.  This  portion  forms  the  posterior  boundary  of  the 
primitive  alimentary  canal ;  it  remains  bilamioar,  and  is  called  the  cloacal 
membrana 

The  priiuitive  streak  h  of  grtat  morphological  importance ;  recent  researches  have  shown 
ihat  from  it  and  the  cetla  in  itB  neighbourhood  the  grflater  part  of  the  body  of  the  embryo, 
with  the  exception  of  the  anterior  part,  of  the  head  and  heart  region,  is  developed.  It  poraibly 
TFpreseata  the  mouth  of  a  remote  (pre-vertebrate)  ancestor,  the  fiiaed  lipe  of  which  formed  the 
body  of  a  primitive  vertebrate  animal.  The  aperture  of  this  mouth  is  Btill  represented  in  lower 
vertebrates  by  an  opening  known  as  the  blastopore.  The  neurenteric  canal  is  the  only  represeii- 
lative  of  the  opening  in  the  human  subject. 

The  Deoral  or  mednllaiy  groove  is  bounded  laterally  by  medullary  folds 
which  are  continuous  in  front  of  the  groove,  but  separate   behind  where   they 
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FlO.    16— TaANSVBBBE   SbOTION   of   yEBRET    EMBAYO. 

Hh'iwing  th«  cloanre  of  the  nrarol  groove,  tlic  formatian  of  the  neural  crcBt,  the  outgrowth  of  tlie  apinnt 
ganglia,  ths  ooninieiicemeDt  oT  the  separatiou  of  the  paraxial  meaoderm  from  the  lateral  plates,  and  the 
differentiatioD  of  the  iatemiiidlate  cell  niabH. 

f.      CaloD).  GC.     Germinal  cell.  PA.  Primitive  aorta.  SG.       Spjoal  gaugUon. 

CC.  Ceatral  canal.     lUC.  I[i(«nneiliat«  cell  mau.      P^.  Meaoderniic  raniite         SoM.    Somatic  mcHOdertu. 

Ef.'.  Ecl«lenii.  N.        Notochord.  HB.  Spongioblnsl.  -Sol'.     Konmtopleiire. 

EN.  Kntodenu.  NC.     Nenia)  crest.  SC.  Spiiial  conl.  SpM.   Splanehnk  meaoitcrm. 

SpP.  Splauchtiopleiire. 

embrace  the  anterior  end  of  the  primitive  streak.  The  neural  groove  increases 
in  length  both  in  front  and  behind.  The  ba<.'kward  increase  takes  place  at  the 
expense  of  the  primitive  streak,  whilst  the  anterior  increase  is  due  to  the  rapid 
(growth  of  tbe  anterior  part  of  the  embryonic  area ;  at  the  same  time,  not  because 
of,  though  coincident  with,  an  increase  of  the  mesoderm  which  has  grown  beneath 
them,  the  medullary  folds  are  gradually  elevated,  and  their  apices  bending  inwards 
unite  together  over  the  neural  groove,  which  is  thus  converted  into  a  tube  or  canal 
— the  nenxal  tube.  The  medullary  folds  unite,  in  the  first  place,  in  the  region 
which  afterwards  becomes  the  neck ;  and  subsequently  Lhey  unite  progressively, 
forwards  and  backwards. 

Along  the  line  of  union  the  neural  tube  is  connected,  for  a  time,  with  the 
surface  ectoderm  by  a  ndge  of  cells,  the  nenral  crest.  The  crest  soon  separates 
from  the  surface,  but  it  remains  connected  with  the  neural  tube,  and  is  utilised  in 
the  formation  of  the  cranial  and  spinal  nerve  ganglia,  the  sympathetic  ganglia,  the 
carotid  and  coccygeal  bodies,  and  the  medullary  parts  of  the  suprarenal  bodies, 
whilst  the  walls  of  the  neural  tube  are  converted  into  the  nervous  and  suatentacular 
tissue  elements  of  the  whole  of  the  ceatral  nervous  system  (brain  and  spinal  cord). 
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Before  the  tube  is  closed  the  neural  groove  is  dilated  at  eaxih  end  (see  Fig.  20). 
The  posterior  dilatation  is  single ;  it  constitutes  the  rhomboidal  sinus,  which  under 
ordinary  circumstances  soon  disappears.  Anteriorly,  numerous  dilatations  are 
distinguishable  at  first.  The  exact  number  of  these  dilatations  (neuromeres)  is 
said  to  be  eleven.  As  the  tube  closes  they  resolve  themselves  into  three  distinct 
vesicles  termed  the  primazy  cerebral  vesicles.  These  constitute  the  rudiments  of  the 
fore-  mid-  and  hind-brains,  and  their  respective  ventricular  cavities.  The  remainder 
of  the  cavity  of  the  tube  becomes  the  central  canal  of  the  spinal  cord. 

After  the  separation  of  the  neural  crest  from  the  surface  the  mesoderm  com- 
pletely surrounds  the  whole  of  the  neural  tube,  and  from  it  are  formed  the 
membranes  of  the  brain  and  spinal  cord  and  their  skeletal  environments. 

The  ectodermal  cells  which  form  the  wall  of  the  primitive  neural  tube  are  ill- 
defined,  but  they  soon  differentiate  into  two  sets,  spongioblasts  and  germinal  cells. 
The  spongioblasts  are  the  more  numerous,  they  are  columnar  in  form,  and  all 
extend  from  an  internal  limiting  membrane  which  is  developed  round  the  periphery 
of  the  central  canal  to  an  external  limiting  membrane  which  forms  the  outer 
limit  of  the  neural  tube:  There  is  frequently  considerable  difficulty  in  recognising 
their  columnar  character,  even  in  the  early  stages,  partly  because  their  nuclei  do 
not  all  lie  at  the  same  level,  and  partly  because  they  are  so  closely  opposed.  The 
spongioblasts  are  converted  into  the  sustentacular  tissue,  or  myelospongium,  of  the 
brain  and  spinal  cord,  but  all  do  not  undergo  precisely  the  same  transformations. 
The  inner  portions  of  those  spongioblasts  whose  nuclei  lie  near  the  central  canal 
retain  a  columnar  form,  and  cilia  grow  from  their  free  surfaces  into  the  lumen  of  the 
canal;  in  other  words,  they  are  converted  into  the  ciliated  epithelium  of  the  central 
canal,  but  the  outer  portions  of  the  same  cells  are  transformed  into  fibrillar  processes 
which  terminate  externally  by  fusing  with  the  external  limiting  membrane.  The 
remaining  spongioblasts  entirely  lose  their  columnar  form,  they  become  much 
branched,  and  their  branches  interlace  with  the  fibrillar  processes  of  the  ciUated 
epithelial  cells,  and  with  similar  branches  of  neighbouring  cells,  forming  the 
reticular  sustentacular  tissue  or  myelospongium ;  the  external  limiting  membrane 
is  produced  by  the  close  interweaving  of  the  peripheral  myelospongial  fibrils. 

The  germinal  cells  are  spherical  in  outline,  and  contaia  clear  protoplasm  and 
darkly-staining  nuclei.  They  lie  between  the  inner  ends  of  the  spongioblasts  close 
to  the  central  canal  where,  at  the  fourth  or  fifth  week,  they  form  an  irregular  layer, 
and  it  is  believed  that  they  very  soon  give  rise  to  a  new  generation  of  cells,  the 
neuroblastSy  or  young  nerve-cells — at  all  events  neuroblasts  appear  as  the  germinal 
cells  disappear.  Etwh  neuroblast  rapidly  becomes  pyriform  by  the  outgrowth  of  an 
axial  process  or  axon,  which  projects  from  its  outer  end  towards  the  periphery  of 
the  tube. 

Shortly  after  their  formation  the  neuroblasts  migrate  outwards,  and  ultimately 
those  of  the  cord  are  arranged  in  longer  or  shorter  columns  in  the  myelospongium, 
whilst  those  of  the  brain  are  grouped  together  in  definite  areas  to  form  the 
cerebral  nuclei. 

Each  neuroblast  as  it  develops  gives  off  many  processes,  which  vary  in  length 
and  thickness.  The  first  formed  of  these  is  the  axial  process  or  axon  already 
referred  to.  It  carries  impulses  from  the  cell,  gives  oft*  lateral  branches,  and 
terminates  either  in  association  with  a  special  end-organ  or  by  ramifying  amidst 
other  nerve-processes  or  round  a  nerve-cell  of  the  central  or  peripheral  nervous 
system.  The  remaining  processes  of  the  neuroblast  are  called  dendrites  or 
protoplasmic  processes.  They  are  usually  shorter  and  more  branched  than  the 
axon,  and  they  carry  impulses  to  the  celL  The  whole  system  of  cell  body,  axon, 
and  dendrites  into  which  a  neuroblast  develops  is  termed  a  neuron. 

Every  neuron  is  probably  a  separate  and  distinct  entity.  Its  processes  neither 
anastomose  together  nor  with  the  processes  of  other  neurons.  They  he,  however, 
in  close  contiguity  with  either  the  body  or  processes  of  other  neurons,  or  witli 
special  end -organs,  and  it  is  possible  for  impulses  to  pass  from  one  neuron  to 
another  although  there  is  no  structural  continuity  between  them. 

Extension  of  the  Mesoderm  and  Division  of  the  Blastodermic  Membrane 
into  Areas. — It  has  already  been  pointed  out  that  when  the  primitive  streak  first 
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appears  it  consiste  of  a  thickeoed  ridge  of  ectoderm  Bituated  in  the  posterior  part 
of  the  embryonic  area  and  resting  upon  the  entodenn.  The  anterior  end  of  the 
ridge  soon  fuses  with  the  entoderm  beneath  it,  and  from  its  sides  and  posterior 
extremity  a  lameUiform  outgrowth,  the  mesoderm,  is  projected  between  the 
ectoderm  and  entoderm.  At  its  commencement  the  mesoderm  is  an  outgrowth 
from  the  primitive  streak,  hut  during  its  subsequent  extension  it  is  probably  added 
to  by  cells  proliferated  from  the  entoderm. 

As  it  extends  the  mesoderm  forms  a  semilunar  sheet  of  cells,  the  concavity  of 
the  semilune  being  turned  forwards,  whilst  the  convexity  is  gradually  projected 
beyond  the  margins  of  the  embryonic  area.  The  cornua  of  the  semilunar  sheet 
grow  forwards  on  either  side  of,  and  at  some  little  distance  from  the  middle  line, 
immediately  beneath  the  medullary  folds.  Each  comu  on  reaching  the  anterior 
end  of  the  embryonic  area  bifurcates,  and  the  resulting  processes  unite  with  their 
fellows  of  the  opposite  side. 

At  the  same  time  the  mesoderm  grows  from  its  convex  margin,  and  extends 
over  the  rest  of  the  ovum  as  a  continuous  sheet.     But  even  when  the  extension  is 
completed,  in  the  majority 
of  mammab,  three  areas  on 
the   upper    aspect   of    the 
ovum     remain    devoid    of  ^^^^^^ 

mesoderm,  and  consist  only  am 

of  ectoderm  and  entoderm.  cmnii»i 

The  largest  of  these  areas     p^^^^ 

lies    directly    in    front    of  »"•  ii^.i^ 

the  embryonic  region.     In 

many  mammals  it  is  folded  NobKhordsi 

upwards  and  backwards  in  *"*  ^^j^, 

front  of  the  head  of  the 

embryo,  when  this  becomes 

distjnguishable,and  it  takes  ^^^^^ 

part  in    the  formation   of 

one  of  the  protecting  fcetal 

membrsne8,viz.theamnion; 

it  is  therefore   called  the 

proanmion,    and    the    area  ^    , .     „ 

r  I- ->-■•-      J        I        1  Pio-  li- — nUHFtcE  Areas  of  the  BLAaTODSHu. 

trom  which  it  is  developed 

constitutes  the  proamniotic  area.     Probably  it  is  not  present  in  the  human  hlasto- 

denn,  or  if  it  exists  it  is  very  transitory. 

The  second  of  the  areas  into  which  the  mesoderm  does  not  extend  lies  in  the 
embryonic  region.  It  is  separated  from  the  proamniotic  area  by  a  bar  of  mesoderm 
in  which  the  pericardial  cavity  afterwards  appeara  The  anterior  part  of  this 
second  area  is  situated  in  front  of  the  neural  groove,  and  as,  at  a  later  period,  it 
forms  a  septum  between  the  primitive  mouth  and  the  pharynx,  it  may  be  termed 
the  bacco-pharyngeal  area.  The  posterior  part  of  the  area  forms  the  floor  of  the 
medullary  groove,  and  as  the  notochord  is  formed  from  its  entodermal  layer  we 
have  named  it  the  notocliordal  area. 

The  third  area  corresponds  to  the  posterior  part  of  the  primitive  streak.  It 
extends  from  the  base  of  the  tail  towards  the  umbilicus,  forming  the  cloacal  mem- 
bnuw,  which  itself  forme  the  posterior  boundarj'  of  the  primitive  alimentary  canal. 
It  is  eventually  perforated  by  the  genito-urinary  and  anal  apertures. 

Except  in  the  areas  just  described,  the  blastodermic  membrane  is  trilaminar,  and 
at  an  early  period  it  is  possible  to  distinguish  the  regions  in  which  the  heart  and 
pericardium,  the  amnion,  and  the  placental  and  non-placental  parts  of  the  chorion 
are  sobeequeutly  developed.  These  regions  form  fairly  well-defined  areas,  to  the 
relative  positions  of  which  reference  may  now  be  made. 

The  anterior  part  of  the  embrjonic  area  in  front  of  the  -bucco-pharyngeal  area 
is  the  region  in  which  the  pericardium  and  heart  are  developed,  and  it  may  therefore 
be  termed  the  pericardial  area. 

The  blastodermic   membrane    immediately   surrounding    the   embryonic  area. 
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iocludiDg  the  proamniotic  part  in  those  animals  in  which  it  exists,  is  the  unniotic 
area,  and  this  is  bounded  externally  by  a  band  of  elevated  and  thickened  ectoderm 
which  indicates  the  placental  area.  The  latter,  together  with  the  blastoderm  over 
the  rest  of  the  ovum,  forms  the  chorionic  area,  which  is  separable,  therefore,  into 
placental  and  non-placental  portions. 

These  areas  are  further  referred  to  in  the  description  of  the  folding  off  of  the 
embryo  and  the  formation  of  the  foetal  membranes  and  placenta. 

Formation  of  the  Notochord. — The  notochord  is  the  primitive  skeletal  axis  of 
the  embryo.  When  differentiated  it  forms  a  rod  which  inten'enes  between  tlie 
ectodermal  neural  tube  and  the  entoderm  of  the  primitive  aliinentary  canal.  It  is 
developed  from  the  entoderm  beneath  the  neural  groove  in  the  notochordal  area. 
A  linear  strip  of  entoderm  thickens  and  then  separates  as  a  solid  rod  of  cells,  the 
continuity  of  the  entodermal  layer  being  restored  beneath  it.  When  it  is  completed 
the  notochord  extends  from  a  point  immediately  behind  the  primitive  fore-brain,  and 
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I.  TrnnBvorsc  HGction  ;  11,  LoDgitudinnI  section. 

Et'.  Ectoderm.  M,  Mewiierni.  N.  Nolochonlal  thiiteniii({, 

EN.  E^todenn,  KO.  Neiinil  groove. 

beneath  the  anterior  end  of  the  mid-brain,  to  the  anterior  end  of  the  primitivt;  streak, 
and  in  later  stages,  as  the  skeleton  is  formed,  the  notochord  can  be  traced  from  the 
post-sphenoid  section  of  the  base  of  the  skull,  which  is  situated  beneath  the  mid-brain, 
to  the  tip  of  the  coccyx. 

The  sepuration  of  the  notochord  from  the  eiitoderin  commences  in  the  cervical 
region,audextendsforwardsand backwards.  Theanteriorextremityis  the  last  part 
to  be  detached,  the  separation  occurring  shortly  after  the  perforation  and  disappear- 
ance of  the  bucco- pharyngeal  membrane. 

The  cellular  notochord  develops  a  cuticular  sheath ;  it  is  subsequently  surrounded 
by  mesoderm  which  separates  it  both  from  the  neural  tube  and  the  entoderm, 
and  which  is  ultimately  transformed  into  the  vertebrie  and  their  ligaments,  the 
intervertebral  discs,  the  basi-spheuoid  and  basi-occipital  parts  of  the  skull,  and  the 
membranes  of  the  brain  and  cord. 

As  the  surrounding  mesoderm  is  differentiated  the  notochord  becomes  nodulatt^d ; 
the  thickened  portions  are  situated  in  the  regions  of  the  intervertebral  discs,  and 
the  intermediate  constricted  portions  in  the  regions  of  the  vertebral  bodies.  The 
vertebral  portions  gradually  disappear,  and  the  intervertebral  parts  are  converted 
into  a  kind  of  mucoid  tissue,  the  pulp  of  the  intervertebral  discs. 

Formation  of  the  Ccelom. — In  all  animals  in  which  the  entoderm  and  ectoderm 
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lie  in  cloee  relation  with  each  other  over  the  whole  surface   of  the  o\^m,  the 


FlO.    IB,— ESTKSBIOS   ( 

MtmMlemi  Hpreiding  ^m  the  sides  of  the  ectoAi 

mild  i^nbxlerDi.     B.  Furtlier  eitenrioii  of  th 

C.  Complete  deUmiiiBtioR  of  the  iii«soikrni  uid  ronaaliou 

■.  BlutoHifrniic  c»vity.  C.  C*eloin.  EC.  Ectoderm. 

P.   Primitive  Slrt-ak.  SoP.  Soiiiatopleure. 


Formation  ok  Cofi.OM  (Dii^n-ajiiiiistic). 
primitive  streak,  and  extending;  beCweeu  tlie  ectoderm 
mcHoderni  and  appearance  of  cielomic  clelt-ljkc  apacas. 


I  cceloiu. 

EN.  Eutodenn. 
SjiP.  aplatiuhnopltn 


mesoderm  as  it  extends  from  tlie  primitive  streak  forms  a  single  lajer,  and  where 
this  exists  the  blastoderm  is 
trilaminar,  hut   in   monkeys, 
ii]ie8,  and  the  human  subject, 
an  the  ectoderm  and  entoderm 

are  separated  from  each  other  '*' 

hj  the   segmentation   cavity 

tFig.  12.  B-),  the  mesoderm  al-  ^' 

liiust  from  its  commeucement  ^ 
extends  in  two  layers,  one  the  rtii 
splanchnic  on  the  entoderm, 
and  the  other  the  somatic  on 
the  inuer  surface  of  the  ecto- 
dinn.  In  other  mammals 
U-fore  the  extending  meso- 
derm entirely   separates   the 

ectoderm  from  the  entoderm,   Rhc  lU"Jtr 

a  cavity  is  formed  in  it   by  '"» 

tiie  union  of  a  series  of  cleft- 
hke  spaces  which  appear  near 
the  marffin  of  the  embryonic 
arcH  and  rapidly  fuse  together, 

f'irniing  the  CCClom  or  body  Fio.  20.— Sobface  Vikw  of  an  Eaulv  Eiiuhvo  {Diagremmatic). 
cavity.  Thus  in  the  majority  ahowing  the  neuml  groove,  dilated  in  the  heail  region  but  etill  un- 
Of     mammals     the     OOelom    is  cloaed,  and  the  fint  protovertabrai  8omile.>i.     The  margins  of  the 

formed  by  the  cleavage  of  the         '■*'°'"'  """" ""  '"''"'"*''  ''=' ''""'''  ''"'^■ 

lueaoderm,  but  in  the  higher  forms  it  represents  the  segmentation  cavity  which 

hw  become  surrounded  by  two  extending  layers  of  mesoderm.     In  those  animals 
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in  which  it  appears  by  cleavage  of  the  mesoderm,  it  extends  towards  both  poles 
of  the  ovum,  but  in  the  higher  forms  only  towards  the  embryonic  pole,  and  in 
both  groups  its  extension  in  the  embryonic  area  is  arrested  before  it  quite 
reaches  the  side  of  the  notochord  and  the  mesial  plane  of  the  primitive  streak.  It 
extends  aujross  the  pericardial  area,  however,  and  forms  the  rudiment  of  the 
pericardial  cavity,  which  appears  as  a  transverse  tubular  passage  continuous  on 
each  side  with  the  general  body  cavity.  The  outer  or  parietal  layer  of  the 
mesoderm  becomes  more  or  less  closely  attached  to  the  ectoderm,  and  with  it 
forms  the  somatoplenre,  whilst  the  inner  or  visceral  layer  is  similarly  associated 
with  the  entoderm  to  form  the  splanchnopleure. 

When  the  coelom  is  fully  formed  the  blastoderm  contains  two  cavities,  one,  the 
coelom  or  body  cavity,  situated  between  the  two  layers  of  the  mesoderm,  and  the 
other  the  cavity  of  the  blastodermic  vesicle,  usually  called  the  vitelline  cavity,  which 
lies  inside  the  entoderm. 

Mesodermic  or  Frotovertebral  Somites. — During  the  formation  of  the  coelom 
the  undivided  mesoderm  at  each  side  of  the  notochord  thickens,  principally  by  a 
dorsal  upgrowth  which  is  coincident  with  the  uprising  of  the  ectodermal  medullary 
folds  which  bound  the  neural  groove.  There  are  thus  formed  two  thickened  bars  of 
mesodermal  tissue,  one  on  each  side  of  the  neural  tube,  and  they  together  constitute 
the  paraxial  mesoderm  (Fig.  15) ;  the  more  laterally  situated  portions  of  the  mesoderm 
are  known  as  the  lateral  plates. 

The  paraxial  mesoderm  is  soon  divided,  except  in  the  head  region,  by  a  number 
of  transverse  clefts  into  a  series  of  cubical  masses  termed  the  mesodermic  somites. 
These  are  at  first  partially,  and  afterwards  more  completely  separated  from  the 
lateral  plates  by  longitudinal  grooves.  After  the  longitudinal  grooves  are  formed, 
the  mesodermic  somites  of  each  side  are  connected  with  the  lateral  mesoderm  by  a 
somewhat  contracted  strand  of  cells,  the  intermediate  cell  mass  (Fig.  16).  This 
strand  is  represented  in  lower  vertebrates  by  a  series  of  separate  cords  of  cells, 
the  stalks  of  the  somites,  each  somite  possessing  one  stalk. 

The  separation  of  the  paraxial  mesoderm  from  the  lateral  plates  and  the 
segmentation  of  the  former  into  somites  extends  forwards  to  the  region  of  the  hind 
brain,  where  the  first  protovertebral  somite  is  formed.  In  front  of  this  the 
mesoderm,  in  mammals  at  least,  does  not  become  segmented. 

The  cavity  of  the  coelom  may  extend  into  the  paraxial  mesoderm  before  it  is 
segmented  into  protovertebral  somites,  or  it  may  stop  just  outside  the  limits  of  the 
paraxial  mesoderm.  In  the  former  case  each  somite,  when  separated  from  the 
lateral  plate,  contains  a  cavity,  and  the  intermediate  cell  mass  is  also  hollow  for  a 
time.  In  the  latter  case  the  protovertebral  somites  and  the  intermediate  cell  masses 
are  solid ;  at  a  later  period,  however,  a  cavity  which  contains  a  few  spherical  cells 
appears  temporarily  in  each  somite. 

Folding  Off  of  the  Embryo  from  the  Blastodermic  Vesicle. — Although  so 
many  rudiments  of  the  embryo  become  distinguishable  at  an  early  period  in  its 
development  (the  embryonic  area,  the  primitive  streak  and  groove,  the  neural 
groove,  the  notochord,  and  the  protovertebral  somites),  the  body  of  the  embryo  does 
not  assume  its  characteristic  form  until  it  becomes  raised  and  folded  off  from  the 
general  surface  of  the  blastodermic  vesicle. 

The  main  cause  of  the  folding  off  of  the  embryo  from  the  surface  of  the  vesicle 
is  the  more  rapid  growth  of  the  embryonic  area  as  contrasted  with  the  slower  growth 
and  expansion  of  the  remainder  of  the  wall  of  the  vesicle ;  and  the  moulding  of  the 
increasing  embryonic  area  into  the  form  of  the  embryo  is  due  to  differences  in  the 
rate  of  growth  of  the  various  parts  of  the  area  itself. 

The  manner  in  which  the  area  is  folded,  and  the  changes  in  the  relative 
positions  of  its  various  parts  which  necessarily  result,  will  be  easily  understood  by 
reference  to  Figs.  21  and  27. 

The  embryonic  area  at  an  early  period  increases  rapidly,  especially  in  length. 
Its  margins,  however,  appear  to  remain  comparatively  fixed,  and  hence  as  the  area 
increases  it  must  fold  upon  itself.  It  becomes  more  convex  externally,  and  is 
raised  slightly  above  the  general  surface,  but  at  the  same  time  it  apparently  sinks 
into  the  interior  of  the  ovum,  and  the  amnion  folds  close  over  it. 
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The  ontero-poeterior  growth  is  greater  than  the  lateral ;  consequently  the 
folding  of  the  embryonic  area  is  most  marked  in  front  and  behind.  Anterior  and 
posterior,  or  cephalic  and  caudal  folds  are  formed,  which  indicate  the  head  and 
tail  extremities  of  the  embryo.  Similarly,  lateral  folds  define  the  lateral  limits  of 
the  body. 

When  the  body  of  the  embryo  thus  becomes  folded  off  it  contains  a  portion  of 
the  blastodermic  cavity  and  of  the  coelom ;  the  former  is  the  primitive  alimentary 
canal,  and  the  latter  is  the  rudiment  of  the  pericardial,  pleural,  and  peritoneal 
cavities. 

The  communication  between  the  pleuro-peritoneal  and  the   estra-embryonie 


FiQ.  21. — EiRLT  Staoib  in  THE  FOLDis'o  Off  OF  THE  EuBBTo  (Ditgrammitic). 

I.  Longitadiokl  wcMoD  of  &  developing  ovum.     Tbt  folding  off  of  the  fiabryo  has  coniineoced,  and  the  bead  fold, 

ixDdiDg  down  ID  fiDDt,  baa  invagiaated  the  umaiotic  area.  Tbe  tail  fold  is  partly  formed,  aiiil  the 
primitive  alimentary  caDal,  cloned  in  front,  comniunitateB  freely  with  the  jolk-sat  by  a  wide  umbilical 
aperture. 

II.  TriDsverw  sectioD  ofadeTelaping  ovum  showing  the  coiiiiiicDceineut  of  tbe  "folilingoff,"    The  thicltened 

euibrjonic  area  i.«  convei  eilernally,  and  it  already  appears  to  sink  belov  tlie  surface  of  the  ovum. 

III.  Tranavene    HectioD  showing    the    ''folding   off"  more    advanced.      The  chaiigeB    seen  iu   II.   are   more 

marlied,  and  by  apparent  conaCriclion  at  the  junction  of  tbe  embryonic  area  with  tbe  teJit  o(  tlie 
Waalodermic  veaicte  the  embryo  is  still  fnrtliar  nipped  off,  and  diatiiict  lateral  folds  are  formed. 

The  division  of  the  cavity  of  the  blastodermic  vesicle  into  that  of  the  primitive  alimentary  canal  and  that  of 
the  yolk-sac  is  ahomi  in  all  the  tigurva. 

Ttie  amniotic  area,  directed  upwariU  and  inwards  in  II.,  foriaa  with  the  placental  area  the  amniotic  fold,  and 
in  III.  the  amniotic  folils  of  opposite  sides  are  approaching  one  another  over  the  back  of  tbe  embryo  to 
enclOHe  the  cavity  of  the  amnion.  The  relative  positions  of  tbe  JiffereDt  sreaa  of  the  blastoderm  are 
cortcpoDdingly  modi  lied. 

AA.   Amnion  fold.  EC.     Ectoderm.         PA.      Placental  area.  SpM.  Splanchnic  mesodeTm. 

C.      Ccelom.  E!4.     Entoderm.        PAC.  Primitive  alimentary  canal.    YS.     Yolk-.'<ac. 

EX.  Embryonic  area,       N.       Notochord.      SoM.  Somatic  mesoderm.  V,       \"illi. 

portion  of  the  ccelom  is  obviouBly  bounded  by  the  mai^ns  of  the  embryonic  area, 
which  constitutes  the  limits  of  the  umbilical  orifice. 

The  margins  of  the  embryonic  area  retain  approximately  their  original  positions, 
and  in  its  further  growth  the  embryo  extends  beyond  them  in  all  directions. 
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THE  EMBRYO. 

The  embryo,  now  easily  distinguishable  from  the  rest  of  the  ovum,  is  already 
sufficiently  developed  to  give  some  indication  of  the  general  plan  of  its  organisatioD, 
and  of  the  ultimate  relation  and  fate  of  the  three  layers  of  the  bla-^toderiu  which 
enter  into  its  constitution.  There  are  as  yet  no  limbs,  but  the  general  contour  of 
the  head  and  body  are  defined.  It  possessea  a  notochord,  afterwards  replaced  bv 
the  permaaent  vertebral  column,  which  constitutea  a  longitudinal  central  axis. 
On  the  dorsal  aspect  of  the  notochord  the  neural  groove  ia  closing  to  form  the 
neural  canal,  or  primitive  cerebro-spinal  nervous  system,  whilst  on  its  ventral  sido 
a  portion  of  the  blastodermic  cavity  is  being  included  as  a  primitive  tubular 
alimentary  canal,  which  freely  communicates  with  the  remainder  of  the  blastodermii: 
cavity  now  called  the  cavity  of  the  yolk-sac. 

The  formation  of  the  mesodermic  somites  has  commenced,  and  this  is  the  first 

indication  of  that  segiueDtu- 
^  tion  which  is  such  a  char- 

acteristic   feature    in     the 
structure  of  the  vertebrate 
body. 
I         The  general  relations  of 
'  the  three  layers  of  the  blas- 
toderm   remain    unaltered. 
Thus,  externally,  there  is  n 
layerof  ectoderm  formiugthf 
surface  of  the  body;  inter- 
nally, a  layer  of  entoderm 
I  II      lining  theprimitivealiment- 

Fi«.22.-Thb  R«i.*tjv«  Pownosa  of  thb  Blabtodwkic  L*tbrs  ary  canal;  and  between  them 
IK  TRB  BoDT  or  TBI  ehbrto  WHEN  TRR  "  FoLuiKo  Off"  IS  js  the  mesodcpm  cncloBing 
coMPLKTED  (DiftgT.inmaiit).  the  ccelom. 

I.  TmiiBVeiBB  sectiou  through  the  iimhilicnl  aperture.  The       BUlfacB      OCtoderiD 

II.  SimiUr«.tiouiuf™toforbehi..,uheucbiiicu,.  j^^^^    ^^^    epithelial    ele- 

N.  Entoilerm.  N.  Notochord.        niPiitn '    nf  fhn  Rlcin    and   ils 

,.«„,.  ^.    Mesoderm.  sc.  Spiiwl  cord,    n^^uts     oi  tne  fiKin  ana  us 

VI.  Viteilo-int«3tinal  duel  md  umbilical  aperture.  appCndages.andof  the  glands 

which  open  on  it.  Thus  the 
hairs  and  hair- foil  idea,  the  nails,  the  enamel  of  the  teeth,  the  epithelium  of  the 
sebaceous  glands,  of  the  sweat  glands,  and  of  the  mammary  glands  are  all  ectodermiil- 
The  epithelium  of  the  conjunctivje  and  of  the  lachrymal  glands  is  also  deriveJ 
from  ectoderju.  The  roof  of  the  mouth,  the  inner  surfaces  of  the  cheeks,  the  nasal 
passages  and  their  associated  cavities,  together  with  the  aiijacent  part  of  the  pharynx 
and  the  anterior  lobe  of  the  pituitary  body,  as  well  as  the  external  auditory  ciintil 
and  the  outer  layer  of  the  tympanic  membrane,  are  all  developed  from  the  surface, 
and  their  epithelium  with  that  of  their  glands  is  ectodermal  in  origin  The 
epithelium  of  the  sense  or_ans  except  that  ot  taste  (the  tongue)  is  dirned  from 
ectoderm;  tlie  auditor)  and  oUactorj  epithelial  elements  and  those  of  the  lens 
and  cornea,  are  from  surface  ectoderm  whilst  the  epithelial  elements  of  the  retina 
are  from  neural  ectoderm 

The  neural  ectodenn  is  lemoved  from  the  surface  to  lorm  the  neural  tulie  ami 
neural  crest,  from  which  the  cells  and  fibres  of  the  whole  ol  the  nenoui  system 

'  The  tenu  "  E|)itheliuni  la  applied  to  lissnes  couaisling  of  cells  whiih  are  united  with  cue  unotifi 
by  lueana  of  a  ]<mall  aiuount  <  t  intcrLellular  eubstuiLu 

The  cells  coDBlitiiting  epithelium  are  alwa}s  arratiged  in  one  or  more  lajer-  the>  ca>er  fne  ~iirfa-e 
and  line  the  various  cavities  of  the  l>odj,  including  the  vascular  anil  Ijniphatic  s^ateiii*  thev  al«o  form 
the  active  elvmeiitu  in  snretarjr  glauUs  and  tme  their  du  ti  £]  iCheli  im  is  alwa)a  uon  laecutar  and  tbr 
cvlU  receive  their  nourislinient  fWini  blood  lesiiels  whith  are  in  their  Mci  iiti  Epitlietial  cells  u^ 
mo<lifie<l  in  arconlance  with  the  particular  functions  they  are  called  itpon  to  serve  and  thei  present  mam 
variations  in  shape,  size,  and  atmcture,  <q  the  neuroepithelial  cells  of  (he  central  n*r\oiia  sjsteni  aud  of 
the  peripheral  sense  organs  differ  consulerably  from  the  more  ordinary  epithelial  type ,  but  they  an 
fimplv  more  specialised,  and  therefore  more  modified 

>  It  seems  iKusible  that  this  atateineiit  nay  before  1 
brought  forward  to  show  that  some  portions  of  the  'y 
ectoilvrmal  cells 
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both  central  and  peripheral,  and  the  Mustentacular  tissue  of  the  brain  and  spinal 


i.'C.  Oentiai  cuiaL 

CL   CuUneoiis  luuella  of  |iroto- 

vertebral  numite. 
<:0.  Olom. 
EC  Ectnlrnn. 
P.N.  Entoderm. 
GC  G«naiiial  cell. 


Fia.  23. — THANaVKIlBB  Hectiok  Of  A  Febrit  Ehbhio, 
ShowJDg  fuTtUer  JifferentistioD  of  tb»  mesodarin. 
HIi.  MuKutir  Uyer  of  lucsoili 
Natochord. 


NC.  > 


unlci 


PA.  Primitive  aorta. 
PS.    MeBOdermic  somito. 
9R    SponBioblaat 

SpP.    SpUuchnopl™ 


SC.    Spinal  corO. 

SO.    Spinal  gauitliou. 

HL.    Scleratogeiiouii  layer  of 

SoH.  Somatic  mi^snlerin. 

4oP.   Somatopleiire. 

SpM.  Splancbaic  menodenu. 


cord,  are  developed.     The  ueural  ectoderm  also  furnisliea  the  epithelial  eltimeuts  of 
the  retiose,  the  pineal  gland,  and  of  the  posterior  lobe  of  the  pituitary  body.     It 
forms    a     lai^e 
partof  the  vitre- 
ous  humour    of 
the  eye,  and  con- 
tributes  to    the  j.um„, 
formation  of  the              j^  mu^" 
carotid,     coccy-   .«il^|      pbtl 
geal  and  supra-      ■"'"'"jscinmio- 
renal  bodies.                     '-  ^\y'tr 

The  entoderm  ^ 

lines  the  alimen-  *"■* 

tarj-    canal   and 

the    spaces   and 

glands    which  '' 

open  into  it,  ex-  c 

cept  the    upper 

[larts    of    the 

mouth  and  pbar-  """ 

ynx    and     the 

terminal  portion 

of  the  rectum; 

thus   the   epi- 
thelium  of   the 

Eustachian  tube 

and        tympanic    Tr«nven«   wntioii   of  b  rat  euibryo.  showing  I 

cavitv  the  "oleralogenouB  layer  of  a  protovertehral  s 

cavity,  tne  notochord  aud  spinal  cord. 

trachea,        the    ^j,       Amnion.  N.        Notochorf.  SC.      Spinal  cortl. 

bronchi,  the  air-    aMC.  Amnion  cavity.         PA.     Primitive  aorta.  SG.     Spina]  ganglion. 

vesicles    of      the    ^-  C<Elom.  PAC.  Primitive  alimentary        SoM.  Somatic  mesoilenn. 

1..r,.»    ii )l      B.C      Ectoderm.  canal.  SpM.  Splanchnic  mesoderm. 

lUn^    the   gall-  VP   Vitello-intotinal  duct.  ^ 

bladder,      the 

urinary  bladder,  and  part  of  the  urethra  is  entodemial.     It  forms  the  epithelial 

•xiQstituents  of  the  taste  buds  or  oi^ns  of  taste,  the  liver  and  the  pancreas,  th 
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epithelium  liniiig  the  vesicles  of  the  thyroid  body  and  the  cell  nests  of  the  tbymus 
gland. 

From  the  mesodaim  all  the  remaining  structures  which  intervene  between  th€ 
surface  ectoderm  and  the  entodermal  lining  of  the  primitive  alimentary  tube  are 
formed. 

Mesodermic  Soioites  and  tlte  Lateral  Plates. — Each  mesodermal  somite 
consists  of  numerous  cells  arranged  radially  round  a  central  cavity — the  myelocceU. ; 
this  latter,  however,  quickly  disappears. 

The  cells  of  the  somites  are  gradually  grouped  into  three  sets,  two  to  the  inner 
and  lower  side  of  the  cavity,  and  one  to  its  upper  and  outer  aide.  The  two  groups 
on  the  lower  and  inner  side  are  an  outer,  next  the  cavity,  the  muscle  plate,  and  an 
inner,  the  scleratogenous  layer.  The  group  on  the  upper  and  outer  side  of  thf 
cavity  is  the  sub-epithelial  or  cataoeons  lamella. 

Sderato^nous  Layer.  —  The  cells  of  this  layer  proliferate  rapidly  and 
migrate  inwards,  siirroundiDg  the 
notochord,  and  passing  both  be- 
neath the  neural  tube  and  up- 
wards along  its  lateral  walls  t<i 
its  dorsal  aspect;  they  intermingle 
above  and  below  with  the  cells  of 
the  corresponding  layer  of  the 
opposite  side,  and  in  front  and 
behind  withtbecellsofthesclerat-o- 
genous  layers  of  adjacent  somites. 
In  this  way  the  neural  tube  and 
the  notochord  are  gradually  en- 
veloped by  a  continuous  sheath 
of  mesodermal  tissue,  which  forms 
the  membranoufl  vertebral  colnmn. 
This  is  perforated  at  regular  in- 
tervals by  the  nerve-roots  issuing 
from  the  spinal  cord  and  brain. 
and  by  the  vessels  of  supply  to 
those  structures.  From  its  sub- 
stance the  vertebne  and  ligaments, 
the  greater  part  of  the  interverte- 
bral discs,  and  the  investing  mem- 
branes of  the  brain  and  cord  are 
Flo.  25.-CORONA..  SBCT.ON  o.'  A  R*T  EyBHTo.  ftftcrwards  developed. 

enoua  tissue  MuBClo    Plates.  —  The   cells 

of  the  muscle  plate  layer  lose 
their  original  epithelial-like  characters;  they  elongate  antero-posteriorly,  become 
spindle-shaped  and  striated,  and  they  give  rise  to  the  striped  muscles  of  the  body. 
For  a  long  time  the  fibres  developed  from  each  muscle  plate  remain  locaUsed  and 
quite  distinct  from  the  fibres  developed  from  neighbouring  segments ;  the  masses 
they  form  are  called  msrotomes.  After  a  time,  however,  the  fibres  of  neighbouring 
myotomes  are  more  or  less  intermingled,  and  in  the  adult,  except  in  certain  situa- 
tions, the  intermyotomic  intervals  are  no  longer  recognisable. 

The  main  portions  of  the  myotomes  are  converted  into  the  muscle  masses 
situated  in  the  dorsal  part  of  the  body  wall,  that  is,  into  the  erectores  spinae 
and  their  main  subdivisions,  and  the  other  muscles  which  occupy  the  vertebral 
grooves. 

In  the  lower  vertebrates  the  ventral  ends  of  the  myotomes  descend  in  the 
Bomatopleure  almost  to  tlie  mid-ventral  line,  and  are  transformed  into  the  muscles 
of  the  ventro-lateral  walls  of  the  body.  A  similar  descent  of  the  ventral  ends  of 
the  myotomes  into  the  lateral  walls  of  the  body  has  not  been  proved  in  the  highest 
vertebrates.  In  mammals,  including  man,  the  ventral  ends  of  the  myotomes  only 
descend  for  a  short  distance  in  the  somatopleure,  and  then  all  trace  of  their  char- 
acteristic structure  is  lost.     It  is  presumed,  however,  that  cells  budded  off  from  tlie 
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myotomes  desGaod  to  a  lower  level,  and  that  they  take  part  in  the  formation  of  the 
^'eut^o- lateral  muscleB. 

In  lo^er  vertebrates  bud-like  projections  pass  from  the  myotomes  in  the 
thoiaoic  and  pelvic  regions  into  the  limb  rudiments,  and  from  these  the  muscles  of 
the  limbs  are  developed.  In  the  highest  vertebrates  distinct  buds  from  the  myo- 
tomes have  not  been  observed,  but  it  is  said  that  outgrowths  of  cells  pass  from  the 
myotomes  into  the  limb  buds,  where  they  proliferate  and  form  the  limb-muBcles. 
The  occurrence  of  these  outgrowths  into  the  limbs,  like  the  descent  of  the  lower 
ends  of  the  myotomes  into  the  ventral  part  of  the  body-wall,  has  not  been  proved 
in  mammals;  possibly  it  occurs,  but  if  not,  the  ventral  and  limb-muscles  of 
mammals  must  be  developed  from  the  somatopleural  mesoderm. 

Cutaneons   Lamellce  of  the  Mesodermio  Somitea — The  cells  which  form 


Fia.  26.— TfunsvBBai  ijicrtux  of  a  K&t  Eubhto. 
Showing  the  relation  of  tbe  paraiisl  mHOderoi  at  the  head  to  the  lateral  pliilea,  the  commencemeiit  of  the 
formitioii  of  the  otic  vesicles  rdiI  hyoinuidihular  clefts,  nai  the  relation  of  the  primitivi.'  hcoit  to  Uir 
pericardiam  and  fore-gut. 

EC.  Ectoderm.  SoH.  {^matic  mesoderni.  SpM.  .S[>laDchnic  tiieaoderin. 

the  outer  and  dorsal  walls  of  the  cavities  of  the  mesodermal  somites  retain  their 
epithehal-like  characters  for  a  longer  period  than  those  of  other  portions  of  the 
somites,  and  at  the  borders  of  the  lamellse  they  pass  by  gradual  transition  into 
ihe  cells  of  the  muscle  plates.  After  a  time  they  undergo  histolc^ical  differentia- 
lion,  and  they  are  utilised  in  the  formation  of  the  subcutaneous  tissues  and  fasciae 
on  the  dorsal  aspect  of  the  body,  and  outgrowths,  which  descend  with  the  offsets  of 
the  muscle  plates,  enter  into  the  formation  of  the  ventro-lateral  walls  of  the  body. 

Hesodennic  Somites  of  the  Head.  —  It  }ia>s  already  bei^n  {>oint<^  out  (ii.  20)  that 
protovertebral  somites  are  not  nswgnisalile  in  mammalB  further  Ibrwards  than  the  occipital 
'*gir>n ;  but,  from  the  evidence  ohtatned  by  eaamination  of  lower  vertebrates,  it  is  believed  that 
originally  nine  somites  were  present  in  the  cephalic  region.  From  the  first,  eecoiid,  and  third  of 
iheae,  muscle  plates  form  which  are  developed  into  the  nmscles  of  the  eyeballs.  If  any  muscle 
pUlesaie  formed  in  connexion  with  the  fourth,  fifth,  and  sixth  somites  they  di^ppear,  leaving 
no  traces,  and  the  muscles  develojMid  from  the  remaining  cephalic  somites  are  those  of  the  tongue 
snd  thcue  connecting  the  head  with  the  shoulder  girdle. 

Lateral  Plates. — At  an  early  stage,  before  its  separation  frqm  the  paraxial 
iiic^erm,  each  lateral  plate  is  divided  into  an  outer  or  somatic  and  an  inner  or 
splanchnic  layer.  The  somatic  layer  is  concerned  with  the  formation  of  the 
parietal  layers  of  the  pleural  and  peritoneal  membranes,  and  with  the  development 
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of  the  coDDective  tissues,  fasoiEe,  aod  veasels  of  the  ventro-lateral  walls  of  the  bod}' : 
and  in  mammals,  apparently,  it  also  gives  origin  to  the  ventro-lateral  body  muscle^ 
and  the  muBcles  of  the  limbs.  The  splanchnic;  portions  of  the  lateral  plates  foriii 
the  fasciie,  the  connective  tissues,  the  smooth  muscles  oi'  the  walls  of  the  alimentary 
canal,  the  heart  and  great  blood-vessela,  the  visceral  layers  of  the  pleural  and 
peritoneal  membranes,  tlie  spleen,  and  the  gemiinul  epithelium,  which  becomes 
transformed  into  the  mother  cells  of  the  ova  and  spermatozoa. 

In  the  cephalic  region,  in  higher  vertebrates,  lateral  plates  are  not  recoguisable, 
except  so  far  as  they  may  be  represented  by  the  walls  of  the  pericardium ;  but  in 
some  lower  vertebrates  lateral  plates  can  be  distinguished,  corresponding  in  number 
with  the  cephalic  somites,  and  it  has  been  asserted  that  the  muscles  of  the  face 
and  the  muscles  of  mastication  are  developed  from  the  lateral  plates  aasociateil 
with  the  second  and  third  cephalic  somites.  The  subject,  however,  is  one  which  i^ 
still  obscure,  and  requires  further  investigation  before  any  very  positive  concluHiou 
can  be  arrived  at. 

Intermediate  Cell  Haas. — As  already  mentioned,  the  lateral  plates  and  the 
mesodermic  somites  are  connected  by  the  intermediate  cell  masses,  which  at\' 
intimately  associated  with  the  development  of  the  ducts  and  tubules  of  the  genital 
and  urinary  organs  iu  man  and  other  mammals.  On  each  side  the  mass  soon 
separates  from  the  mesodermic  somites,  and  is  transformed  by  rapid  proliferation 
of  its  cells  into  an  elongated  body,  the  Wolffian  body  or  primitive  kidney,  which 
projects  downwards  into  the  dorsal  angle  of  the  body  cavity.  In  early  stages  it 
extends  from  the  fifth  somite  of  the  body,  backwards  to  its  posterior  end,  but  is 
most  clearly  differentiated  in  the  middle  portion.  The  Wolffian  duct  and  tubuJe.'^ 
and  the  Miillerian  duct  are  developed  in  connexion  with  it;  after  the  second  month 
of  intrauterine  life  it  degenerates,  and  is  replaced  by  the  permanent  kidney,  whicli 
is  formed  dorsal  to  its  posterior  extremity. 

THE  DEVELOPMENT  OF  THE  miMITIVE  ALIMENTARY  CANAL. 

Wlien  the  cephalic,  caudal,  and  lateral  folds  are  established,  and  the  geneml 
outline  of  the  embryo  is  clearly  defined,  its  dorsal  and  Lateral  surfaces  and  its 


nucco.pliMyng«l  membninr 
Flc!.  27.— DlAQRAH   or  A    DBVELOI'lNIl   OVUk,    BEBN    IN    LON>;]TDDINAI.  SeLT[<iII. 
The  Toliliug  olf  of  the  embryo  baa  coiiimeaced,  and  the  doVfii*ianl  beail  of  the  haul  fold  in  front  lins  iuvii(:i- 
iialcd  the  ninuiotic  area.    The  tail  fold  is  t'^rtly  fonned,  uid  the  primitive  alimeutary  caual.  closed  in 
front  by  the  biicco- pharyngeal  ntembrane  aud  liehiud  liy  tlie  eloacal  nieinliraiii;,  is  dlBtJuguiahalilc  :  ii 
comiiiunlcates  freely  with  the  yolk  asc  by  a  wide  iinibilicid  aiierture. 

C.     Co>lom.  EN.  Entoderm.  SoM.  .Somatic  iDemderoi. 

EC.  Ei^todenn.  M.     Me.sod.^rm.  S|)M.  MplanchDic  me^ierm. 

anterior  and  posterior  extremities  are  easily  recognisable,  and,  as  the  embryo  is 
folded  off  from  the  surface  of  the  blastodermic  vesicle,  a  portion  of  the  blastodermic 
cavity  is  enclosed  within  it ;  this  is  the  primitive  alimentary  canal.  It  is  simply 
an  incomplete  tubular  cavity,  situated  beneath  the  notochord,  which  is  bounded  in 
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front  by  the  head  fold,  behind  by  the  tail  fold,  and  laterally  by  the  lateral  folda, 
but  IB  widely  open  below  und  continuoua  with  the  oavity  of  the  yolk-sac. 
_  f  As  the  head  of  the  embryo  grows  more  rapidly  than  any  other  part,  the  head 
fold  is  niOFL'  marked  than  the  other  folds,  and  with  its  formation  the  pericardial 
area  ia  bent  round  until  it  becomes  ventral  in  position,  its  original  upper  and  lower 
.surfaces  being  reversed  (Fig.  27).  It  is  owing  to  this  change  of  relative  position 
that  the  ventral  wall  of  the  alimentary  canal  is  completed  in  front,  and  it  is 
obvious  that  its  anterior  limit  corresponds  to  the  bucco-pharyngeal  area  of  the 
blaatoderm.  The  part  of  the  blastodermic  cavity  enclosed  in  tlie  head  fold  con- 
stitute.^i  the  fore-gnt. 

The  tail  fold  at  this  period  is  small,  hut  it  limits  the  primitive  gut  behind. 
The  ventral  closing  of  the  posterior  end  of  the  primitive  alimentary  canal  to 
form  a  bjnd-gnt  is  produced, 
as  in  the  case  of  the  fore-gut, 
by  bending  of  the  embryonic 
area.     This  takes  place  in  the 

region   of  the  taU  fold ;   but  nii. 

the  posterior  part  of  the  em-  .g^^,,j 

bryouic  area  retains  for  a  con- 

.siderable    time     it^    original  ^' 

position,  and  forms  a  connect- 
iug  stalk,  termed   the   body- 
stalk,    between    the    embryo  ^ 
and  the  chorionic  area  of  the    ^ 
blastoderm.    Ultimately,  how-  Z 
ever,  this  terminal  section  of 
the   embryonic    area    is    re- 
versed in  position,  its  posterior 
end  being  earned  forwards  till 
it  forma  the  posterior  boundary 
oftheumbilicalorifice.and the  | 
veutral  wall  of  the  hind-gut  is  ^ 
thus  completed. 

The  rest  of  the  primitive 
alimentary  canal   constitutes  ^ 
the  mid-gnt.     It  remains  for  | 
some  time  in  free  communica-  J 
tion  with  the  cavity  of  the  ~ 
yolk-sac,  and  this  communica- 
tion between  the  alimentary 
canal  aod  the  yolk-sac  at  a 
later  stage   forms  a   tubular 
passage,  the  viteUo- intestinal  , 
dnct. 

The  entoderm  forms  the 
lining  epithelium  of  the  ali- 
mentary canal,  but  this  is 
invested  by  the  splanchnic  layer  of  the  mesoderm,  whicli  is  separated  from  the 
ftomatopleure  or  body  wall  by  the  ctelom  or  body  cavity.  As  the  splanchnic 
mesoderm  passes  on  each  side  to  its  continidty  with  the  somatic  mesoderm  it  forms 
a  fold,  by  which  the  gut  is  suspended  from  the  under  surface  of  the  primitive 
vertebral  column ;  this  fold  is  the  mesentery. 

When  the  diaphragm  is  formed  at  a  later  period  it  separates  the  thorax  from 
the  al)domen,  and  divides  the  ccelom  into  pleural  and  peritoneal  portions. 

The  primitive  alimentary  canal  is  almost  a  straight  tube,  blind  at  both  its 
extremities,  and  communicating  only  with  the  cavity  of  the  yolk-sac.  As  yet  there 
is  no  mouth  and  no  anal  passt^  or  aperture.  The  simple  tubular  canal  is  divisible 
into  fore-gut,  mid-gut,  and  hind-gut,  parts  which  are  conveniently  associated 
developmen tally  with  definite  portions  of  the  fully-formed  alimentary  canal. 
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ThuB  the  fore-gut  is  converted  into  the  pharynx,  oesophagus,  stomach,  and  the 
greater  part  of  the  duodenum ;  whilst  from  the  mid-giit  and  the  hind-gut  the  rest 
of  the  small  intestine  (jejunum  and  ileum),  and  the  whole  length  of  the  large 
intestine  (cEecum,  colon,  and  rectum),  are  formed.  There  is  no  sharp  limit  between 
the  mid-gut  and  the  hind-gut,  or  between  the  portions  of  the  intestinal  canal 
which  develop  from  them. 

Diverticular  outgrowths  from  the  entoderm  of  the  primitive  alimentary  canal 
form  the  rudiments  of  the  intestinal  glands,  including  the  liver  and  pancreas ;  of  the 
respiratory  apparatus ;  and  of  the  thyroid  and  thymus  glands.  Details  of  the 
formation  of  these  structures  are  given  in  the  special  description  of  the  develop- 
ment of  the  system  to  which  each  belongs. 


FIO.  2».— FUBTKER 

ABOUT  Five  Weeks  Old  [Di»giflniroatic), 
tongiie  is  well  Cormeil,  the  trachea  and  (esophagus  are  separated,  the  hronchi  have  commenced  to  bnnrh  ; 
the  duodenal  curve  u  well  formed,  and  the  ciecuai  has  appeared  iu  the  loop  of  the  mid-gut.     The: 
cloaca  is  partially  separated  into  genito-urinary  and  rectal  portions. 
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Except  with  respect  to  the  anterior  part  of  the  fore-gut,  the  changes  in  shape 
and  position  which  the  originally  simple  alimentary  tube  undergoes  during  its 
conversion  into  its  final  or  adult  form  are  described  in  the  account  of  the 
development  of  the  digestive  organs ;  but  the  development  of  the  pharynx  and  the 
structures  associated  with  it,  and  the  formation  of  the  mouth  and  anus,  may 
be  considered  now. 

Development  of  the  Pharynx  and  Btomatodseom. — The  development  of  the 
anterior  part  of  the  fore-gut  into  the  pharynx  and  the  floor  of  the  mouth  is  so  inti- 
mately associated  with  the  formation  of  a  primitive  mouth,  the  stomatodieum,  that 
the  two  must  to  a  certain  extent  be  considered  simultaneously. 

The  Btomfttodnnm  first  appears  as  a  depression  between  the  head  and  the  peri- 
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cardial  region.  It  is  produced  by  the  downward  growth  of  the  fore-part  of  the 
head  in  front  and  the  bulging  forward  of  the  pericardium  behind,  and  it  is  separated 
from  the  anterior  end  of  the  fore-gut  by  the  bilaminar  bucco-pharyngeal  membrane. 
^Vhen  the  stomatodaeum  first  appears  it  is  not  enclosed  laterally ;  but  at  a  later 
period  side  boundaries  are  formed,  and  the  space  is  developed  into  the  upper  part 
of  the  mouth  and  the  nasal  cavities. 

The  fore-gut,  a  relatively  wide  space,  continuous  posteriorly  with  the  mid-gut, 
is  at  first  closed  anteriorly  by  the  bucco-pharyngeal  membrane,  which  separates 
it  from  the  stomatodseum.  About  the  fifteenth  day,  in  the  human  embryo,  the  bucco- 
pharyngeal membrane  disappears,  the  fore-gut  is  then  thrown  into  continuity 
with  the  stomatodseal  space,  and  the  anterior  opening  of  the  alimentary  canal 
is  formed. 

As  development  proceeds  the  cavity  of  the  fore-gut  is  gradually  compressed 
dorso-ventrally  until  its  transverse  section  assumes  a  triangular  outline ;  but  in 
the  earliest  st£^es  there  are  no  indications  of  the  various  organs  which  are  ulti- 
mately developed  from  its  walls.  After  a  short  interval,  however,  two  elevations 
appear  in  its  ventral  wall.  The  anterior  of  these  is  a  rounded  elevation,  termed 
the  tnberculuin  impar.  It  is  situated  directly  behind  the  lower  ends  of  two  raised 
bars  or  arches,  called  the  mandibular  arches,  which  are  growing  down  into  the  floor 
of  the  fore-gut  from  the  anterior  parts  of  its  lateral  walls.  The  tuberculum  impar 
is  the  rudiment  of  the  anterior  two-thirds  of  the  tongue,  which  is  thus  formed  in 
the  floor  of  the  entodermal  portion  of  the  alimentary  canal.  The  more  posterior 
elevation,  termed  the  ftircnla,  is  a  curved  ridge,  which  bounds  a  mesial  longitudinal 
depression.  It  is  separated  from  the  lateral  walls  of  the  fore-gut  and  from  the 
tuberculum  impar  by  a  groove,  the  sinus  arcoatuB.  The  anterior  part  of  the  furcula 
is  transformed  into  the  epiglottis  and  the  margins  of  the  upper  aperture  of  the 
larynx  ;  the  median  depression  becomes  the  cavity  of  the  larynx  and  of  the  trachea, 
and  from  its  posterior  end  hollow  outgrowths  extend  and  form  the  rudiments  of  the 
epithelial  lining  of  the  bronchi  and  lungs.  Still  more  posteriorly,  behind  the  region 
o{  the  furcula,  a  dilatation  of  the  fore-gut  is  formed,  which  projects  forwards  and 
downwards  towards  the  pericardium.     This  is  the  first  indication  of  the  stomach. 

Visceral  Clefts  and  Visceral  Arches. — In  the  lateral  wall  of  the  anterior  part 
of  the  fore-gut,  on  each  side,  four  incomplete  and  more  or  less  transverse  clefts,  the 
visceral  clefts,  appear.  They  are  due  to  outward  linear  pouchings  of  the  entoderm, 
and  corresponding,  but  less  marked,  inward  depressions  of  the  ectoderm.  The 
anterior  cleft  is  the  best  marked,  and  the  rest  diminish  in  size  from  before  back- 
warda  At  the  bottoms  of  the  clefts  the  ectoderm  and  the  entoderm  are  in  contact, 
but  the  thin  membranes  thus  formed,  which  intervene  between  the  cavity  of  the 
fore-gut  and  the  exterior,  are  only  exceptionally  and  abnormally  perforated  in  the 
human  subject,  though  in  lower  vertebrates  they  invariably  disappear,  and  the 
pharyngeal  or  anterior  part  of  the  fore-gut  is  thrown  into  continuity,  laterally, 
with  the  exterior  by  a  number  of  narrow  slits,  the  gill  slits,  which  are  used  for 
respiratory  purposes.  In  man  and  other  mammals,  however,  the  floors  of  the 
second,  third,  and  fourth  clefts  are  utilised  in  the  formation  of  the  sides  of  the 
neck ;  that  of  the  first  cleft  is  transformed  into  the  tympanic  membrane,  which 
separates  the  external  auditory  meatus  from  the  cavity  of  the  tympanum. 

In  the  further  consideration  of  the  fate  of  the  visceral  clefts,  it  must  be  borne 
in  mind  that  each  consists  of  an  inner  or  entodermal  portion  and  an  outer  or  ecto- 
dermal portion.  The  inner  part  of  the  first  cleft  is  converted  into  the  tympanum 
and  the  Eustachian  tube,  and  the  outer  part  becomes  the  external  auditory  meatus. 
No  traces  of  the  outer  part  of  the  second  cleft  are  left,  but  a  portion  of  the  inner 
part  can  be  recognised  as  a  slight  depression  above  the  tonsil  in  the  lateral  wall  of 
the  pharj'nx  and  in  a  recess,  the  fossa  of  Rosenmiiller,  behind  the  pharyngeal  end  of 
the  Eustachian  tube.  Both  the  outer  and  inner  portions  of  the  third  and  fourth 
clefts  disappear,  but  from  their  inner  parts  diverticula  are  given  off  which  form 
the  rudiments  of  the  thymus  and  the  lateral  lobes  of  the  thyroid  body.  The 
diverticula  from  which  the  thymus  is  developed  are  derived  from  the  third  clefts, 
whilst  each  lateral  lobe  of  the  thyroid  body,  in  the  majority  of  mammals,  is  formed 
by  a  diverticulum  from  the  fourth  cleft,  but  in  some  mammals  the  lateral  lobes  are 
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derived  from  the  median  diverticulum,  and  the  outgrowths  from  the  posterior  parts 
of  the  fourth  ckfts  constitute  the  post-branchial  bodies. 

The  margins  of  the  visceral  clefts  are  thickened  by  the  growth  of  the  mesoderm 
between  the  entodBrnml  and  ectodermal  layers,  and  they  are  moulded  into  a  series 
of  five  rounded  bars,  the  visceral  arches,  of  which  the  fifth  is  not  recognisable 
externally,  though  it  is  easily  seen  internally.  The  dorsal  extremities  of  the  arches 
terminate  at  the  sides  of  the  head  below  the  level  of  the  neural  tube,  and  in  the 
early  stages  the  vential  ends  rest  upon  the  pericardial  region.  When  the  neck  is 
formed,  it  grows  forwards  from  the  pericardial  region  and  carries  with  it  the  lower 
ends  of  the  visceral  arches,  which  henceforth  terminate  in  its  ventral  waU.  As  the 
visceral  arches  ore  carried  forwards  the  head  is  strongly  curved  towards  the  ventral 
aspect,  and  the  lower  ends  of  the  visceral  arches  are  pushed  backwards  over  each 

other  till  the 
fourth  is  over- 
lapped by  the 
third,  and  the 
third  by  the 
second. 

The  first  arch 
is  the  mandi- 
bular, the  second 
the  hyoid,  the 
third  the  thyro- 
hyoid; the  fourth 
and  fifth  have  no 
special  designa- 
tions. Eacliarcb 
is  covered — ex- 
ternally by  ecto- 
derm, internally 
byentoderm.and 
itscore  is  formed 
of  mesoderm,  in 
which  there  is 
developed  a  bar 
of  cartilage  and 
THE  *  blood  -  vessel 
called  a 
d.y«  old.  aortic  arch. 

At  first  each 

archisliniiteii  to 

"'-  the  side  wall  of 

iin|)iir,       the  fore-gut ;  but 

after  a  time  it  is 

.th  the  exception  of  the  first,  upon 


FlO.  SO. — StAUBS  in  the  FimilATlON  OF  IHB  TONGI 

Larthi  in  thk  Human  Eubry 
I.  Embryo  14  dayii  old.     II.  Embryo  23  dsy>  old. 

IV.  Embryo  2  montha  old. 


(flll«r  H«). 
Embryo 


GlolUs. 


Tl.    TiilKTciilur 


mtral  wall,  encroaching,  ■ 


prolonged  into  the 
the  sin  lis  arcuatua. 

The  flrst,  or  nuuidibalar  arch,  is  formed  between  the  first  visceral  cleft  and  the 
bucco- pharyngeal  membrane.  As  it  develops  it  forms  the  lateral  and  lower 
boundaries  of  the  stotnatodaeal  space,  and  it  grows  downwards  till  it  meets  its 
fellow  of  the  opposite  side  in  the  ventral  middle  line,  immediately  in  front  of  the 
tuberculum  impar.  The  greater  part  of  this  arch  is  converted  into  the  lower  jaw 
and  the  soft  tissues  which  invest  it.  From  its  upper  part  a  process  grows  forwards, 
the  mwrillaty  process,  from  which  the  upper  lateral  part  of  the  face,  between  the 
orbit  and  the  mouth,  is  developed,  and  in  which  the  superior  maxillary,  the  malar, 
and  the  palate  bones,  and  possibly  the  internal  pterygoid  plate  also,  are  developeil 
and  ossified. 

From  the  posterior  border  of  the  outer  aspect  of  the  mandibular  arch  the  tragus 
and  a  portion  of  the  helix  of  the  pinna  of  the  external  ear  are  formed.  The  carti- 
aginous  bar  in  its  interior  is  known  as  Uecksrs  cartilage.     It  forms  the  primitive 
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skeleton  of  the  arcL  Its  upper  and  lower  extremities  are  ossiiied  and  remain  in 
the  adult,  the  former  as  the  malleus,  and  possibly  the  incus,  and  the  latter  as  the 
symphysial  part  of  the  lower  jaw.  The  remainder  of  the  cartilaginous  bar  dis- 
appears, but  the  fibrous  membrane  which  surrounds  the  lower  section  of  the  inter- 
mediate part  is  ossified  and  converted  into  the  main  part  of  the  lower  jaw,  whilst 
that  round  the  upper  section  of  the  intermediate  portion  persists  as  the  spheno- 
inandibular  Kgament.  The  blood-vessel  developed  in  the  mandibular  arch  is,  for 
the  main  part,  a  transitory  structure,  but  its  ventral  section  is  converted  into  the 
internal  maxillary,  superficial  temporal,  facial  and  Ungual  arteries. 

The  second  and  third  arches  are  continued  downwards  into  the  floor  of  the 
pharyngeal  portion  of  the  fore-gut.  There,  converging,  they  insinuate  themselves 
between  the  tuberculum  impar  and  the  furcula,  across  the  anterior  part  of  the  sinus 
arcuatus,  and  uniting  together  form  a  transverse  bar.  This  rapidly  changes  into  a 
semilunar  ridge  which  first  embraces,  and  afterwards  fuses  with  the  posterior  part 
of  the  tuberculum  impar,  and  it  forms  the  posterior  third  of  the  tongue. 

The  second  arch  takes  part  in  the  formation  of  the  side  and  anterior  part  of  the 
neck.  From  its  anterior  border  externally  a  part  of  the  helix,  the  antiheUx,  the 
antitragus,  and  the  lobule  of  the  pinna  of  the  external  ear  are  developed.  The 
lower  and  upper  portions  of  its  cartilaginous  bar — the  hyoid  bar — are  ossified; 
the  lower  portion  forms  part  of  the  body  and  the  small  cornu  of  the  hyoid  bone  on 
its  own  side,  and  the  upper  portion  is  converted  into  the  intra-  and  extra-temporal 
sections  of  the  styloid  process  (the  tympano-hyal  and  stylo-hyal  portions  of  the 
styloid  process  of  the  temporal  bone).  The  fibrous  tissue  of  the  intermediate  part 
of  the  hyoidean  bar  persists  in  the  adult  as  the  stylo-hyoid  ligament.  The  blood- 
vessel of  the  hyoid  arch,  the  second  cephahc  aortic  arch,  almost  entirely  disappears, 
but  from  its  ventral  extremity  the  ascending  pharyngeal,  occipital,  and  posterior 
auricular  arteries  are  probably  developed. 

The  third  visceral  arch  forms  part  of  the  neck  posterior  to  the  region  of  the 
second  arch,  and,  as  already  pointed  out,  its  lower  end  takes  part  in  the  formation 
of  the  posterior  part  of  the  tongue.  The  upper  and  middle  parts  of  its  cartilaginous 
bar  disappear,  but  the  lower  part  persists,  and  is  converted  into  the  posterior  part 
of  the  body  and  the  great  cornu  of  the  hyoid  bone  on  its  own  side.  Its  blood- 
vessel, the  third  cephalic  aortic  arch,  becomes  the  lower  part  of  the  stem  of  the 
internal  carotid  artery. 

The  fourth  and  fifth  visceral  arches  also  enter  into  the  formation  of  the  neck, 
but  their  exact  limits  in  the  adult  cannot  be  defined.  Of  the  upper  sections  of  their 
CJirtUaginous  bars  no  trace  remains  in  the  adult,  but  their  lower  portions  are 
believed  to  enter  into  the  formation  of  the  thyroid  cartilage  of  the  larynx.  The 
blood-vessel  of  the  fourth  arch  on  the  right  side  becomes  part  of  the  right  sub- 
clavian artery,  that  on  the  left  side  is  converted  into  the  arch  of  the  aorta.  The 
vessels  of  the  fifth  arches  form  portions  of  the  pulmonary  arteries,  and  that  on  the 
left  side  forms  also  the  ductus  arteriosus. 

Further  Development  of  the  Ventral  Wall  of  the  Fore-gut  in  the  Region 
of  thB  Furcula. — The  sinus  arcuatus  which  surrounds  the  furcula  disappears  to  a 
great  extent  as  development  proceeds,  but  certain  parts  of  it  remain  and  are  recog- 
nisable in  the  adult.  The  anterior  portion  immediately  in  front  of  the  furcula  is 
divided  into  two  parts  as  the  lower  ends  of  the  second  and  third  arches  of  the  two 
sides  converge  and  fuse  in  the  ventral  wall  of  the  pharyngeal  portion  of  the 
fore-gut ;  the  middle  portion  of  the  sinus,  in  front  of  the  transverse  bar  formed  by 
this  fusion,  persists  in  the  adult  as  the  foramen  caecum  of  the  tongue,  and  at  a  very 
early  period  a  diverticulum  grows  backwards  from  it  in  the  floor  of  the  pharynx, 
dorsal  to  the  cartilage  bars  which  form  the  hyoid  bone,  but  ventral  to  the  rudi- 
ments of  the  thyroid  cartilage.  This  diverticulum  is  the  thsnro-glossal  duct.  As 
soon  as  it  reaches  the  level  of  the  fourth  visceral  clefts  it  enlarges,  unites  with  the 
diverticula  from  those  clefts  which  form  the  lateral  lobes  of  the  thyroid  body,  and 
is  itself  converted  into  the  isthmus  of  the  thyroid,  its  pyramidal  process  and  the 
thyro-glossal  duct  or  the  fibrous  cord  into  which  that  duct  becomes  converted  in 
the  adult.  Occasionally  the  thyro-glossal  duct  is  not  wholly  transformed  into  a 
fibrous  cord,  but  portions  of  it  remain  in  the  form  of  isolated  vesicles,  Kned  wi' 
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columnar  or  cubical  epithelium,  or  as  cords  of  cells,  and  these  occasionally  undergo 
abnormal  development,  forming  tumours  at  the  base  of  the  tongue  or  in  the  upper 
part  of  the  neck. 

The  portion  of  the  sinus  arcuatus  which  lies  behind  the  conjoined  lower 
extremities  of  the  second  and  third  arches  of  opposite  sides,  and  in  front  of  the 
furcula,  persists  in  a  modified  form  in  the  adult,  and  is  recognisable  as  glosso- 
epiglottidean  pouches  or  valleculse  at  the  base  of  the  tongue. 

The  furcula  and  the  groove  in  the  ventral  wall  of  the  fore-gut,  which  it  embraces 
antero-laterally,  are  both  of  considerable  importance.  The  anterior  part  of  the 
furcula  is  situated  in  the  ventral  wall  of  the  pharyngeal  portion  of  the  fore-gut,  but 
its  backward  prolongations  and  the  furrow  between  them  lie  in  what  may  be 
termed  the  intermediate  part  of  the  fore-gut,  that  is,  in  that  part  of  the  fore-gut 
which  intervenes  between  the  pharyngeal  and  stomach  regions.  Gradually  the 
furrow  deepens,  and  its  posterior  extremity  dilates  on  each  side.  Afterwards  the 
margins  of  the  furrow  coalesce  from  behind  forwards,  and  in  this  manner  the 
cavity  of  the  furrow  is  separated  from  the  fore-gut,  its  walls  are  converted  into  the 
trachea  and  the  lower  part  of  the  larynx,  whilst  the  diverticula  which  are  projected 
from  its  posterior  end  form  the  rudiments  of  the  bronchi.  The  fusion  of  the 
margin  of  the  furrow  ceases  a  short  distance  behind  its  anterior  extremity,  which 
latter  persists  as  the  superior  aperture  of  the  larynx.  The  anterior  part  of  the 
furcula,  which  bounds  this  aperture  in  front,  becomes  the  epiglottis,  and  its  lateral 
extensions,  which  form  the  margins  of  the  aperture,  are  converted  into  the  aryteno- 
epiglottidean  folds  in  the  substance  of  which  the  arytenoid  cartilages  and  the 
cartilages  of  Santorini  and  Wrisberg  (cuneiform  cartilages)  are  formed. 

DEVELOPMENT  OF  THE  MOUTH  AND  THE  NOSE. 

The  nose  is  formed  entirely  from  the  stomatodseum.  The  mouth  has  a  double 
origin ;  the  roof  and  fore-part,  including  the  teeth,  are  developed  from  the  stomato- 
daeum,  whilst  the  floor  and  the  tongue  are  developed  from  the  pharyngeal  portion  of 
the  fore-gut. 

It  has  already  been  pointed  out  (p.  34)  that  the  stomatodseal  depression  lies 
between  the  anterior  part  of  the  he&td  (i.e.  the  tissues  forming  the  base  of  the 
primary  fore-brain)  and  the  pericardial  region,  and  that  it  is  separated  posteriorly 
from  the  fore-gut  by  the  bucco-pharyngeal  membrane.  At  first  it  has  no  distinct 
lateral  boundaries,  but  subsequently  the  mandibular  arches,  which  are  developed  at 
the  sides  of  the  bucco-pharyngeal  membrane,  project  forward  beyond  the  membrane 
and  form  lateral  limits  of  the  depression.  If  the  stomatodseal  space  is  examined 
from  the  front  at  this  period  the  following  boundaries  are  recognisable : — Above  and 
in  front  is  the  projecting  anterior  part  of  the  head  which  is  termed  the  fronto-n&sal 
process,  laterally  are  the  mandibular  arches,  and  below  and  posteriorly  is  the  anterior 
part  of  the  pericardial  region.  After  a  short  time  the  lower  ends  of  the  mandibular 
arches  meet  in  front  of  the  pericardial  region,  and,  fusing  together,  form  the 
posterior  or  lower  margin  of  the  aperture ;  simultaneously  the  lateral  boundaries  of 
the  space  are  still  further  completed  by  the  forward  growth  of  a  nodular  projection, 
the  maxillary  process,  from  the  upper  end  of  each  mandibular  arch.  About  the 
fifteenth  day  the  bucco-pharyngeal  membrane  disappears,  and  the  stomatodseal  space 
and  pharynx  are  thenceforth  continuous.  No  trace  of  the  bucco-pharyngeal  mem- 
brane is  recognisable  in  the  adult,  but  its  position  may  be  represented  by  an 
imaginary  plane  extending  from  the  anterior  part  of  the  basi-sphenoid  above  to  the 
base  of  the  alveolar  process  of  the  lower  jaw,  on  its  lingual  surface,  below. 

Whilst  the  boundaries  of  the  stomatodseal  space  are  being  defined,  two  oval 
depressions,  lined  with  thickened  epithelium,  appear  in  its  upper  boundary  on  the 
lower  and  anterior  surfaces  of  the  fronto-nasal  process ;  these  are  the  olfactory  pits 
or  depressions.  A  portion  of  the  epithelium  of  their  walls  is  separated  ofiTand  takes 
part  in  the  formation  of  the  olfactory  bulbs,  whilst  the  remainder  is  transformed 
into  the  olfactory  epithelium,  from  which  the  olfactory  nerve-fibres  grow  inwards 
to  the  olfactory  bulbs.  As  the  olfactory  pits  deepen  they  grow  backwards  into  the 
roof  of  the  stomatodseal  space,  and  at  the  same  time  they  separate  the  lower  portion 
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of  the  fronto-Dasal  proceee  into  three  parts,  coDBtituting  a  median  and  two  lateral 
aasal  processes.  At  each  lateral  angle  of  the  median  nasal  process  a  spheroidal 
elevation,  the  globular  process,  appears.  The  part  of  the  median  naaal  process 
which  intervenes  between  the  two  globular  processes  is  divided  into  two  areas,  an 
upper  triangular  and  a  lower  quadrilateral,  by  the  appearance  of  a  transverse  ridge, 
which  is  afterwards  moulded  into  the  tip  of  the  nose.  The  upper  triangular  area 
becomes  the  dorsum  of  the  nose,  and  the  lower  quadrilateral  area  forms  the 
columella,  i.e.   the  lower  and  anterior  part  of  the  septum  between  the  anterior 


Fio.  31. 

I.  Sidi!  view  of  the  he«J  of  humau  emhryo  about  27  diyi  otd,  showing  the  olfactor)'  pit  and  the  viiiceral  arcbee 

Hid  cleOH  (from  Hi*). 

II.  Tnii:<verH  aection  through  the  heicl  of  an  einljryo,  showing  the  reUtion  of  the  oltBctory  pita  to  the  fore- 

braia  aud  to  the  roof  of  the  atoiuatod^al  spaci?. 
[II.  Head  of  human  einbrj'o  about  29  days  old,  bhowiiig  the  divisioti  of  the  lower  |>att  of  the  mesial  froutal 

procens  into  the  two  globular  procfssex,  the    inteneulion  of  the    olfactory  pita  tietwcen  the  mesial 

and  lateral  naul  prouesKS,  and  the  approximation  or  the  maxillary  aud  lateral  uasal  processes,  which, 

however,  are  separated  by  the  oculo-naial  aiileus  (from  Hia). 
i\ .  Trauivene  wctiou  of  head  of  embryo,  showing  the  deepeaing  of  the  olfactory  pita  aud  their  relatiou  to  the 

hemisphere  venicles  of  the  fare-brain. 

nasal  aperture&  The  globular  processes  are  utilised  in  the  formation  of  the  philtmm 
or  middle  part  of  the  upper  lip,  and  the  lateral  naaal  processes  form  the  aloe  of 
the  Qose  or  lateral  boundaries  of  the  anterior  nasal  apertures.  As  the  olfactory  pits 
deepen  and  grow  Iwckwards  into  the  roof  of  the  BtomatodiBum  the  maxillary  pro- 
ceaaea  grow  forwards  from  the  lateral  boundaries  of  that  space,  that  is  from  the 
upper  ends  of  the  mandibular  arches,  and  pass  beneath  the  eyes,  which  now  form 
distinct  prominences  on  the  sides  of  the  head.  The  upper  borders  of  the  maxillary 
prw^eaes  come  into  contact  with  the  lateral  nasal  processes  from  which  they  are 
temporarily  separated  by  grooves,  the  oculo-nasal  snlcL  These  latter  pass  from  the 
depressions  round  the  eyeballs,  the  rudimentary  conjunctival  sacs,  to  the  margins 
of  the  nasal  pits.     The  anterior  extremities  of  the  maxillary  processes  impinge 
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of  the  connective  tissuea,  t'asciie,  and  veeaels  of  the  ventro-lateral  walla  of  the  body : 
and  in  mamuiaU,  apparently,  it  also  gives  origin  to  the  ventro-lateral  body  muscles 
and  the  muscleB  of  the  limba.  The  splanchnic  piirtions  of  the  lateral  plates  form 
the  fasciie,  the  connective  tissues,  the  smooth  muscles  of  the  walla  of  the  ahmentary 
canal,  the  heart  and  great  blood-vessels,  the  visceral  layers  of  the  pleural  and 
peritoneal  membranes,  the  spleen,  and  the  germinal  epithelium,  which  becomes 
transformed  into  the  mother  cells  of  the  ova  and  spermatozoa. 

In  the  cephalic  region,  in  higher  vertebrates,  lateral  plates  are  not  recognisable, 
except  BO  far  as  they  may  be  represented  by  the  walls  of  the  pericardium;  but  in 
some  lower  vertebrates  lateral  plates  can  be  distinguished,  corresponding  in  number 
with  the  cephalic  somites,  and  it  has  been  asserted  that  the  muscles  of  the  face 
and  the  muscles  of  mastication  are  developed  from  the  lateral  plates  asaociated 
with  the  second  and  third  cephalic  somites.  The  subject,  however,  is  one  which  i^ 
still  obscure,  and  requires  further  investigation  before  any  very  positive  conclusion 
can  be  arrived  at. 

Intannediate  Cell  BImb. — As  already  mentioned,  the  lateral  plates  and  the 
mesodemiic  somites  are  connected  by  the  intermediate  cell  masses,  which  are 
intimately  associated  with  the  development  of  the  ducta  and  tubulea  of  the  genital 
and  urinary  organs  in  man  and  other  mammals.  On  each  side  the  mass  soon 
separates  from  the  meaodermic  somites,  and  is  transformed  by  rapid  proliferation 
of  its  ceils  into  an  elongated  body,  the  Wolffian  Ijody  or  primitive  kidney,  which 
projects  downwards  into  the  dorsal  angle  of  the  body  cavity.  In  early  stages  it 
extends  from  the  fifth  somite  of  the  body,  backwards  to  ita  posterior  end,  but  is 
most  clearly  differentiated  in  the  middle  portion.  The  Wolffian  duct  and  tubules 
and  the  Miillerian  duet  are  developed  in  connexion  with  it;  after  the  second  month 
of  intrauterine  hfe  it  degenerates,  and  is  replaced  by  the  permanent  kidney,  which 
is  formed  dorsal  to  its  posterior  extremity. 

THE  DEVELOPMENT  OF  THE  PRIMITIVE  ALIMENTARY  CANAL. 

When  the  cephalic,  caudal,  and  lateral  folda  are  eatablished,  and  the  general 
outline  of  the  embryo  is  clearly  defined,  its  dorsal  and  lateral  surfaces  and  iti« 


Fill.  Si.— DiAtiHAii  ov  a  Divilui'ini:  Ovuh,  bei.s  in  Lohuitcdin.vl  Hkction, 
TtiB  foldiug  off  of  the  embryo  hu  coHimeiioeil,  oud  the  ilownward  Iwiid  of  the  bead  folit  in  front  ha«  uivnf;!- 
uat^  the  Biniiiotic  area.     The  tail  fold  la  partly  formed,  and  the  primitive  alimeutarj-  canal,  closed  i" 
front  by  the  liiieco-pharyDgcal  membriae  oud  beliind  by  Uio  uloacal  membraue,  is  i1i>tiiiguiahable  ;  it 
CDmniuiiieates  freely  with  the  yolk  eac  by  a  wide  uiiiliilic«l  a|>ertiire. 

C.     Ctelom.  EN.  Entoderm.  8oM.  Soiuatic  mesoderm. 

KC.  Ectoderm.  M.     Mesoderm.  8pM.  tJpUnchnic  iiieoocleriii. 

anterior  and  posterior  extremities  are  easily  recognisable,  and,  as  the  embryo  is 
folded  off  from  the  surface  of  the  blastodermic  vesicle,  a  portion  of  the  blastodermic 
cavity  is  enclosed  within  it;  this  is  the  primitive  alimentary  canal.  It  is  simply 
"n  incomplete  tubular  cavity,  situated  beneath  the  notochord,  which  ia  bounded  in 
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front  by  the  head  told,  behind  by  the  tail  fold,  and  laterally  by  the  lateral  folds, 
but  is  widely  open  below  and  continuouB  with  the  cavity  of  the  yolk-sac. 
^  f  As  the  head  of  the  embryo  growa  more  rapidly  than  any  other  part,  the  head 
fold  is  more  marked  than  the  other  folds,  and  with  its  fnriiiatiou  the  pericardial 
area  is  bent  roiiud  until  it  becomes  ventral  in  poeition,  its  original  upper  and  lower 
surfaces  being  reversed  (Fig.  27).  It  is  owing  to  this  cliange  of  relative  position 
that  the  ventral  wall  of  the  alimentary  canal  is  completed  in  front,  and  it  is 
obvious  that  its  anterior  limit  corresponds  to  the  bucoo- pharyngeal  area  of  the 
blastoderm.  The  part  of  the  blastodermic  cavity  enclosed  in  the  head  fold  con- 
irititute^  the  foie-fat. 

The  tail  fold  at  this  period  is  small,  but  it  limits  the  primitive  gut  behind. 
The  ventral  closing  of  the  po-iterior  end  of  the  primitive  alimentary  canal  to 
form  a  hind-gut  is  produced, 
aa  in  the  case  of  the  fore-gut, 
by  bending  of  the  embryonic 
area.    This  takes  place  in  the 

rejjion  of  the   tail  fold ;   but  >t^i 

the  posterior  part  of  the  em-  veHi^jt 

liryouic  area  retains  for  a  con- 
siderable   time     its    original  i!{^' 
position,  and  forms  a  connect- 
ing  stalk,   termed   the   body- 
Bt&lk,    between    the    embryo  - 
and  the  chorionic  area  of  the    ^ 
blastoderm.    Ultimately,  how-  £ 
ever,  this  terminal  section  of 
th^   embryonic    area    is    re- 
versed in  position,  its  posterior 
end  being  carried  forwards  till 
it  fiiruis  the  posterior  boundary 

ofthe  umbilical  oritice,  and  the  %  , 

ventral  wall  of  the  hind'gut  is  ^ 
thus  completed. 

The  rest  of  the  primitive 
alimentary  canal   constitutes 
the  mid-gat.     It  remains  for   y 
some  time  in  free  communica-  1 
tion  with   the  cavity  of  the  " 
yolk-sac,  and  this  communica- 
tion between  the  alimentary 
canal  and  the  yolk-sac  at  a 

laler  stage   forms  a   tubular  i,i.*.»i  mei.ibrani!       um-j  -um 

passage,  the  Titello-iateBtinal  j 
duct. 

The  entoderm  forms  the 
lining  epithelium  of  the  ali-  '' 
mautary  canal,  but  this  is  " 
invested  by  the  splanchnic  layer  of  the  mesoderm,  which  is  separated  from  the 
eomatopleure  or  body  wall  by  the  ccelom  or  Iwdy  cavity.  As  the  splanchnic 
mi«oderm  passes  on  each  side  to  ita  continuity  with  the  somatic  mesoderm  it  forms 
a  told,  by  whicli  the  gut  is  suspended  from  the  under  surface  of  the  primitive 
vertebral  column ;  this  fold  is  the  mesentarr. 

When  the  diaphragm  is  formed  at  a  later  period  it  separates  the  thorax  from 
the  aWomen,  and  divides  the  ccelom  into  pleural  and  peritoneal  portions. 

The  primitive  alimentary  canal  is  almost  a  straight  tulie,  blind  at  both  its 
extremities,  and  communicating  only  with  the  cavity  of  the  yolk-sac.  As  yet  there 
is  no  mouth  and  no  anal  pass^e  or  aperture.  Tbe  simple  tubular  canal  is  divisible 
into  fore-gut,  mid-gut,  and  hind-gnt,  parts  which  are  conveniently  associated 
developmental ly  with  definite  portions  of  the  fully-formed  alimentary  canal. 
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ThuB  the  fore-gut  is  coDverted  into  the  pharynx,  oesophaguB,  atomach,  and  the 
greater  part  of  the  duodenum;  whilst  from  the  mid-gut  and  the  hind-gut  the  rest 
of  the  small  intestine  (jejunum  and  ileum),  and  the  whole  length  of  the  large 
intestine  (cEecum,  colon,  and  rectum),  are  formed.  There  is  no  sharp  limit  between 
the  mid-gut  and  the  hind-gut,  or  between  the  portions  of  the  intestinal  canal 
which  develop  from  them. 

Diverticular  outgrowths  from  the  entoderm  of  the  primitive  alimentary  caoal 
form  the  rudiments  of  the  intestinal  glands,  including  the  liver  aod  pancreas ;  of  the 
respiratory  apparatus ;  and  of  the  thyroid  and  thymus  glands.  Details  of  the 
formation  of  these  structures  are  given  in  the  special  description  of  the  develop- 
ment of  the  system  to  which  each  belongs. 


FlO.  29.— KURTHEH   DBVILOPUENT   ok  THB    AMMENTAHT    CaNAU  iS  SEEK 

IN   A    HCJIAI.    EXBHVO 

The  Wngoe  is  well  foriatA,  the  trsihea  and  lEsophagua  ire  wpanilwl,  the  bronchi  h»ve  coinmenceil  to  branch  ; 

the  duodenal  curve  in  well  formed,  nu.l  tbe  ci^cuni  bax  uppeared  i 

the 

loop  of  the  mid-gnt.    The 

cloRca  is  partially  wparaltd  into  genilo-urinarj  and  rectal  portiona. 

1.  Hiiid-braia.           7.  Trachea.          13.  Pancreaa.               19.  Vertebra. 

25.   Rectnin. 

2.    Moiitb.                     S.  CEsophagiii.     14.   Small  iuteGtioe.     20.  Spinal  cord 

25.    ProttodKuni. 

3.  Tongue.                   B.   LunR.                15.  Cfecum.                    21.   Bladder. 

27.   Allantoic  dtverticuliim. 

4.   Pericardium.         10.    Liver.               16.    [ntertinal  loop.       2'i.   Wolflian  dn 

ct. 

28.    Vitello-luteslinal  duct. 

5.  Pharynx.              11.  Bile  ilucL       17.  Large  iDttstiDe.     23.  Kidney. 

2B.   For»-braiu. 

6,    Heart.                     12.   Stomach.          IB.   Notocbord.              24.  Ureter. 

30.  Mid-brain. 

Except  with  respect  to  the  anterior  part  of  the  fore-gut,  the  changes  in  shape 
and  position  which  the  originally  simple  alimentary  tube  undergoes  during  its 
conversion  into  its  final  or  adult  form  are  described  in  the  account  of  the 
development  of  the  digestive  organs ;  but  the  development  of  the  pharynx  and  the 
structures  associated  with  it,  and  the  formation  of  the  mouth  and  anns,  may 
>)e  considered  now. 

DeTelopment  of  the  Pharynx  and  Stomatodsum. — The  development  of  the 
anterior  part  of  the  fore-gut  into  the  pharynx  and  the  floor  of  the  mouth  is  so  inti- 
mately associated  with  the  formation  of  a  primitive  mouth,  the  stomatodjeum,  that 
the  two  must  to  a  certain  extent  be  considered  simultaneously. 

The  stomktodatim  first  appears  as  a  depression  between  the  head  and  the  peri- 
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cardial  region.  It  is  produced  by  the  downward  growth  of  the  fore-part  of  the 
head  in  front  and  the  bulging  forward  of  the  pericardium  behind,  and  it  is  separated 
from  the  anterior  end  of  the  fore-gut  by  the  bilaminar  bucco-pharyngeal  membrane. 
When  the  stomatodseum  first  appears  it  is  not  enclosed  laterally ;  but  at  a  later 
period  side  boundaries  are  formed,  and  the  space  is  developed  into  the  upper  part 
of  the  mouth  and  the  nasal  cavities. 

The  fore-gut,  a  relatively  wide  space,  continuous  posteriorly  with  the  mid-gut, 
is  at  first  closed  anteriorly  by  the  bucco-pharyngeal  membrane,  which  separates 
it  from  the  stomatodseum.  About  the  fifteenth  day,  in  the  human  embryo,  the  bucco- 
pharyngeal membrane  disappears,  the  fore -gut  is  then  thrown  into  continuity 
with  the  stomatodseal  space,  and  the  anterior  opening  of  the  alimentary  canal 
is  formed. 

As  development  proceeds  the  cavity  of  the  fore-gut  is  gradually  compressed 
dorso-ventrally  until  its  transverse  section  assumes  a  triangular  outline ;  but  in 
the  earliest  st£^es  there  are  no  indications  of  the  various  organs  which  are  ulti- 
mately developed  from  its  walls.  After  a  short  interval,  however,  two  elevations 
appear  in  its  ventral  wall.  The  anterior  of  these  is  a  rounded  elevation,  termed 
the  tubenmlnm  imimr.  It  is  situated  directly  behind  the  lower  ends  of  two  raised 
bars  or  arches,  called  the  mandibular  arches,  which  are  growing  down  into  the  floor 
of  the  fore-gut  from  the  anterior  parts  of  its  lateral  walls.  The  tuberculum  impar 
is  the  rudiment  of  the  anterior  two-thirds  of  the  tongue,  which  is  thus  formed  in 
the  floor  of  the  entodermal  portion  of  the  alimentary  canal.  The  more  posterior 
elevation,  termed  the  ftircola,  is  a  curved  ridge,  which  bounds  a  mesial  longitudinal 
depression.  It  is  separated  from  the  lateral  walls  of  the  fore-gut  and  from  the 
tuberculum  impar  by  a  groove,  the  sinus  arcuatus.  The  anterior  part  of  the  furcula 
is  transformed  into  the  epiglottis  and  the  margins  of  the  upper  aperture  of  the 
larynx  ;  the  median  depression  becomes  the  cavity  of  the  larynx  and  of  the  trachea, 
and  from  its  posterior  end  hollow  outgrowths  extend  and  form  the  rudiments  of  the 
epithelial  lining  of  the  bronchi  and  lungs.  Still  more  posteriorly,  behind  the  region 
of  the  furcula,  a  dilatation  of  the  fore-gut  is  formed,  which  projects  forwards  and 
downwards  towards  the  pericardium.     This  is  the  first  indication  of  the  stomach. 

Visceral  Clefts  and  Visceral  Arches. — In  the  lateral  wall  of  the  anterior  part 
of  the  fore-gut,  on  each  side,  four  incomplete  and  more  or  less  transverse  clefts,  the 
visceral  clefts,  appear.  They  are  due  to  outward  linear  pouchings  of  the  entoderm, 
and  corresponding,  but  less  marked,  inward  depressions  of  the  ectoderm.  The 
anterior  cleft  is  the  best  marked,  and  the  rest  diminish  in  size  from  before  back- 
warda  At  the  bottoms  of  the  clefts  the  ectoderm  and  the  entoderm  are  in  contact, 
but  the  thin  membranes  thus  formed,  which  intervene  between  the  cavity  of  the 
fore-gut  and  the  exterior,  are  only  exceptionally  and  abnormally  perforated  in  the 
human  subject,  though  in  lower  vertebrates  they  invariably  disappear,  and  the 
pharyngeal  or  anterior  part  of  the  fore-gut  is  thrown  into  continuity,  laterally, 
with  the  exterior  by  a  number  of  narrow  slits,  the  gill  slits,  which  are  used  for 
respiratory  purposes.  In  man  and  other  mammals,  however,  the  floors  of  the 
second,  third,  and  fourth  clefts  are  utilised  in  the  formation  of  the  sides  of  the 
neck ;  that  of  the  first  cleft  is  transformed  into  the  tympanic  membrane,  which 
separates  the  external  auditory  meatus  from  the  cavity  of  the  tympanum. 

In  the  further  consideration  of  the  fate  of  the  visceral  clefts,  it  must  be  borne 
in  mind  that  each  consists  of  an  inner  or  entodermal  portion  and  an  outer  or  ecto- 
dermal portion.  The  inner  part  of  the  first  cleft  is  converted  into  the  tympanum 
and  the  Eustachian  tube,  and  the  outer  part  becomes  the  external  auditory  meatus. 
No  traces  of  the  outer  part  of  the  second  cleft  are  left,  but  a  portion  of  the  inner 
part  can  be  recognised  as  a  slight  depression  above  the  tonsil  in  the  lateral  wall  of 
the  pharynx  and  in  a  recess,  the  fossa  of  Rosenmiiller,  behind  the  pharyngeal  end  of 
the  Eustachian  tube.  Both  the  outer  and  inner  portions  of  the  third  and  fourth 
clefts  disappear,  but  from  their  inner  parts  diverticula  are  given  off  which  form 
the  rudiments  of  the  thymus  and  the  lateral  lobes  of  the  thyroid  body.  The 
diverticula  from  which  the  thymus  is  developed  are  derived  from  the  third  clefts, 
whilst  each  lateral  lobe  of  the  thyroid  body,  in  the  majority  of  mammals,  is  formed 
by  a  diverticulum  from  the  fourth  cleft,  but  in  some  mammals  the  lateral  lobes  are 


36 


GENERAL  EMBRYOLOGY. 


derived  from  the  inedian  diverticulum,  and  the  outgrowths  from  the  posterior  parts 
of  the  fourth  clefts  constitute  the  post-braachial  bodies. 

The  margiDB  of  the  viBcernl  clefts  are  thickened  by  the  growth  of  the  mesoderm 
between  the  entodermal  and  ectodermal  layers,  aod  they  are  moulded  into  a  series 
of  five  rounded  bars,  the  Tisceral  arches,  of  which  the  fifth  is  not  recognisable 
externally,  though  it  is  easily  seen  internally.  The  dorsal  extremities  of  the  archea 
terminate  at  the  aides  of  the  head  below  the  level  of  the  neural  tube,  aud  in  the 
early  stages  the  vential  ends  rest  upon  the  pericardial  region.  When  the  neck  is 
formed,  it  grows  forwards  from  the  pericardial  region  and  carries  with  it  the  lower 
ends  of  the  visceral  arches,  which  henceforth  terminate  in  its  ventral  waU.  As  the 
I'isceral  arches  are  carried  forwards  the  head  is  strongly  curved  towards  the  veDtral 
aspect,  and  the  lower  ends  of  the  visceral  arches  are  pushed  backwards  over  each 

other  till  the 
fourth  is  over- 
lapped by  the 
third,  and  the 
third  by  the 
second. 

The  first  arch 
is  the  mandi- 
bular, the  second 
the  by  old,  the 
third  the  thyro- 
hyoid; the  fourth 
and  filth  have  no 
Hpecial  designa- 
tions. Eachnrch 
is  covered — ex- 
ternally by  ecto- 
derm, internally 
by  entoderm, and 
its  core  is  formed 
of  mesoderm,  in 
which  there  is 
developed  a  liar 
of  cartilage  and 
RE  OK  iHB  *  blood  -  ves-sel 
called  a  cephalic 
!0  cUj.  oia.  aortic  arch. 

At  first  each 

arch  is  limited  to 

''"'■  the  side  wall  of 

n  impar,       the forc-gut;  but 

after  a  time  it  is 

prolonged  into  the  ventral  wall,  encroaching,  with  the  exception  of  the  first,  upon 
the  sinus  arcuatus. 

The  first,  or  mandibular  arch,  is  formed  between  the  first  visceral  cleft  and  the 
bucco- pharyngeal  membrane.  As  it  develops  it  forms  the  lateral  and  lower 
boundaries  of  the  stoiuatodfieal  space,  and  it  grows  downwards  till  it  meets  its 
fellow  of  the  opposite  side  in  the  ventral  middle  line,  immediately  in  front  of  the 
tubereulum  iiupar.  The  greater  part  of  this  arch  is  converted  into  the  lower  jaw 
and  the  soft  tissues  which  invest  it.  From  its  upper  part  a  process  grows  forwards, 
the  maxillary  process,  from  which  the  upper  lateral  part  of  the  face,  between  the 
orbit  and  the  mouth,  is  developed,  and  in  which  the  superior  maxillary,  tlie  malar, 
and  the  palate  bones,  and  possibly  the  internal  pterygoid  plate  also,  are  developed 
and  ossilied. 

From  the  posterior  border  of  the  outer  aspect  of  the  mandibular  arch  the  tn^ua 
and  a  portion  of  the  helix  of  the  pinna  of  the  external  ear  are  formed.  The  carti- 
laginous bar  in  its  interior  is  known  as  Mecksl's  cartilage.     It  forms  the  primitive 
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skeleton  of  the  arch.  Its  upper  and  lower  extremities  are  ossified  and  remain  in 
the  adult,  the  former  as  the  malleus,  and  possibly  the  incus,  and  the  latter  as  the 
symphjsial  part  of  the  lower  jaw.  The  remainder  of  the  cartilaginous  bar  dis- 
appears,  but  the  fibrous  membrane  which  surrounds  the  lower  section  of  the  inter- 
mediate part  is  ossified  and  converted  into  the  main  part  of  the  lower  jaw,  whilst 
that  round  the  upper  section  of  the  intermediate  portion  persists  as  the  spheno- 
mandibular  ligament.  The  blood-vessel  developed  in  the  mandibular  arch  is,  for 
the  main  part,  a  transitory  structure,  but  its  ventral  section  is  converted  into  the 
internal  maxillary,  superficial  temporal,  facial  and  Ungual  arteries. 

The  second  and  third  arches  are  continued  downwards  into  the  floor  of  the 
pharyngeal  portion  of  the  fore-gut.  There,  converging,  they  insinuate  themselves 
between  the  tuberculum  impar  and  the  furcula,  across  the  anterior  part  of  the  sinus 
arcuatus,  and  uniting  together  form  a  transverse  bar.  This  rapidly  changes  into  a 
semilunar  ridge  which  first  embraces,  and  afterwards  fuses  with  the  posterior  part 
of  the  tuberculum  impar,  and  it  forms  the  posterior  third  of  the  tongue. 

The  second  arch  takes  part  in  the  formation  of  the  side  and  anterior  part  of  the 
neck.  From  its  anterior  border  externally  a  part  of  the  helix,  the  antihelix,  the 
antitragus,  and  the  lobule  of  the  pinna  of  the  external  ear  are  developed.  The 
lower  and  upper  portions  of  its  cartilaginous  bar — the  hyoid  bar — are  ossified ; 
the  lower  portion  forms  part  of  the  body  and  the  small  cornu  of  the  hyoid  bone  on 
its  own  side,  and  the  upper  portion  is  converted  into  the  intra-  and  extra-temporal 
sections  of  the  styloid  process  (the  tympano-hyal  and  stylo-hyal  portions  of  the 
styloid  process  of  the  temporal  bone).  The  fibrous  tissue  of  the  intermediate  part 
of  the  hyoidean  bar  persists  in  the  adult  as  the  stylo-hyoid  ligament.  The  blood- 
vessel of  the  hyoid  arch,  the  second  cephalic  aortic  arch,  almost  entirely  disappears, 
but  from  its  ventral  extremity  the  asxending  pharyngeal,  occipital,  and  posterior 
auricular  arteries  are  probably  developed. 

The  third  visceral  arch  forms  part  of  the  neck  posterior  to  the  region  of  the 
second  arch,  and,  as  already  pointed  out,  its  lower  end  takes  part  in  the  formation 
of  the  posterior  part  of  the  tongue.  The  upper  and  middle  parts  of  its  cartilaginous 
bar  disappear,  but  the  lower  part  persists,  and  is  converted  into  the  posterior  part 
of  the  body  and  the  great  cornu  of  the  hyoid  bone  on  its  own  side.  Its  blood- 
vessel, the  third  cephalic  aortic  arch,  becomes  the  lower  part  of  the  stem  of  the 
internal  carotid  artery. 

The  fourth  and  fifth  visceral  arches  also  enter  into  the  formation  of  the  neck, 
but  their  exact  limits  in  the  adult  cannot  be  defined.  Of  the  upper  sections  of  their 
cartilaginous  bars  no  trace  remains  in  the  adult,  but  their  lower  portions  are 
beUeved  to  enter  into  the  formation  of  the  thyroid  cartilage  of  the  larynx.  The 
blood-vessel  of  the  fourth  arch  on  the  right  side  becomes  part  of  the  right  sub- 
clavian artery,  that  on  the  left  side  is  converted  into  the  arch  of  the  aorta.  The 
vessels  of  the  fifth  arches  form  portions  of  the  pulmonary  arteries,  and  that  on  the 
left  side  forms  also  the  ductus  arteriosus. 

Further  Development  of  the  Ventral  Wall  of  the  Fore-en^t  in  the  Region 
of  thB  Fnrcola. — The  sinus  arcuatus  which  surrounds  the  furcula  disappears  to  a 
great  extent  as  development  proceeds,  but  certain  parts  of  it  remain  and  are  recog- 
nisable in  the  adult.  The  anterior  portion  immediately  in  front  of  the  furcula  is 
divided  into  two  parts  as  the  lower  ends  of  the  second  aud  third  arches  of  the  two 
aides  converge  and  fuse  in  the  ventral  wall  of  the  pharyngeal  portion  of  the 
fore-gut;  the  middle  portion  of  the  sinus,  in  front  of  the  transverse  bar  formed  by 
this  fusion,  persists  in  the  adult  as  the  foramen  caecum  of  tiie  tongue,  and  at  a  very 
early  period  a  diverticulum  grows  backwards  from  it  in  the  floor  of  the  pharynx, 
dorsal  to  the  cartilage  bars  which  form  the  hyoid  bone,  but  ventral  to  the  rudi- 
ments of  the  thyroid  cartilage.  This  diverticulum  is  the  thsrro-glossal  duct.  As 
soon  as  it  reaches  the  level  of  the  fourth  visceral  clefts  it  enlarges,  unites  with  the 
diverticula  from  those  clefts  which  form  the  lateral  lobes  of  the  thyroid  body,  and 
is  itself  converted  into  the  isthmus  of  the  thyroid,  its  pyramidal  process  and  the 
thyro-glossal  duct  or  the  fibrous  cord  into  which  that  duct  becomes  converted  in 
the  adult.  Occasionally  the  thyro-glossal  duct  is  not  wholly  transformed  into  a 
tibrous  cord,  but  portions  of  it  remain  in  the  form  of  isolated  vesicles,  lined  with 
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columnar  or  cubical  epithelium,  or  as  cords  of  cells,  and  these  occasionally  undergo 
abnormal  development,  forming  tumours  at  the  base  of  the  tongue  or  in  the  upper 
part  of  the  neck. 

The  portion  of  the  sinus  arcuatus  which  lies  behind  the  conjoined  lower 
extremities  of  the  second  and  third  arches  of  opposite  sides,  and  in  front  of  the 
furcula,  persists  in  a  modified  form  in  the  adult,  and  is  recognisable  as  glosso- 
epiglottidean  pouches  or  valleculse  at  the  base  of  the  tongue. 

The  furcula  and  the  groove  in  the  ventral  wall  of  the  fore-gut,  which  it  embraces 
antero-laterally,  are  both  of  considerable  importanca  The  anterior  part  of  the 
furcula  is  situated  in  the  ventral  wall  of  the  pharyngeal  portion  of  the  fore-gut,  but 
its  backward  prolongations  and  the  furrow  between  them  lie  in  what  may  be 
termed  the  intermediate  part  of  the  fore-gut,  that  is,  in  that  part  of  the  fore-gut 
which  intervenes  between  the  pharyngeal  and  stomach  regions.  Gradually  the 
furrow  deepens,  and  its  posterior  extremity  dilates  on  each  side.  Afterwards  the 
margins  of  the  furrow  coalesce  from  behind  forwards,  and  in  this  manner  the 
cavity  of  the  furrow  is  separated  from  the  fore-gut,  its  walls  are  converted  into  the 
trachea  and  the  lower  part  of  the  larynx,  whilst  the  diverticula  which  are  projected 
from  its  posterior  end  form  the  rudiments  of  the  bronchi.  The  fusion  of  the 
margin  of  the  furrow  ceases  a  short  distance  behind  its  anterior  extremity,  which 
latter  persists  as  the  superior  aperture  of  the  larynx.  The  anterior  part  of  the 
furcula,  which  bounds  this  aperture  in  front,  becomes  the  epiglottis,  and  its  lateral 
extensions,  which  form  the  margins  of  the  aperture,  are  converted  into  the  aryteno- 
epiglottidean  folds  in  the  substance  of  which  the  arytenoid  cartilages  and  the 
cartilages  of  Santorini  and  Wrisberg  (cuneiform  cartilages)  are  formed. 

DEVELOPMENT  OF  THE  MOUTH  AND  THE  NOSE. 

The  nose  is  formed  entirely  from  the  stomatodseum.  The  mouth  has  a  double 
origin ;  the  roof  and  fore-part,  including  the  teeth,  are  developed  from  the  stomato- 
daeum,  whilst  the  floor  and  the  tongue  are  developed  from  the  pharyngeal  portion  of 
the  fore-gut. 

It  has  already  been  pointed  out  (p.  34)  that  the  stomatodseal  depression  lies 
between  the  anterior  part  of  the  head  (i.e.  the  tissues  forming  the  base  of  the 
primary  fore-brain)  and  the  pericardial  region,  and  that  it  is  separated  posteriorly 
from  the  fore-gut  by  the  bucco-pharyngeal  membrane.  At  first  it  has  no  distinct 
lateral  boundaries,  but  subsequently  the  mandibular  arches,  which  are  developed  at 
the  sides  of  the  bucco-pharyngeal  membrane,  project  forward  beyond  the  membrane 
and  form  lateral  limits  of  the  depression.  If  the  stoma todaeal  space  is  examined 
from  the  front  at  this  period  the  following  boundaries  are  recognisable : — Above  and 
in  front  is  the  projecting  anterior  part  of  the  head  which  is  termed  the  fronto-nasal 
process,  laterally  are  the  mandibular  arches,  and  below  and  posteriorly  is  the  anterior 
part  of  the  pericardial  region.  After  a  short  time  the  lower  ends  of  the  mandibular 
arches  meet  in  front  of  the  pericardial  region,  and,  fusing  together,  form  the 
posterior  or  lower  margin  of  the  aperture ;  simultaneously  the  lateral  boundaries  of 
the  space  are  still  further  completed  by  the  forward  growth  of  a  nodular  projection, 
the  maadllary  procesB,  from  the  upper  end  of  each  mandibular  arch.  About  the 
fifteenth  day  the  bucco-pharyngeal  membrane  disappears,  and  the  stomatodaeal  space 
and  pharynx  are  thenceforth  continuous.  No  trace  of  the  bucco-pharyngeal  mem- 
brane is  recognisable  in  the  adult,  but  its  position  may  be  represented  by  an 
imaginary  plane  extending  from  the  anterior  part  of  the  basi-sphenoid  above  to  the 
base  of  the  alveolar  process  of  the  lower  jaw,  on  its  lingual  surface,  below. 

Whilst  the  boundaries  of  the  stoma todajal  space  are  being  defined,  two  oval 
depressions,  lined  with  thickened  epithelium,  appear  in  its  upper  boundary  on  the 
lower  and  anterior  surfaces  of  the  fronto-nasal  process ;  these  are  the  olfactory  pits 
or  depressions.  A  portion  of  the  epithelium  of  their  walls  is  separated  off  and  takes 
part  in  the  formation  of  the  olfactory  bulbs,  whilst  the  remainder  is  transformed 
into  the  olfactory  epithelium,  from  which  the  olfactory  nerve-fibres  grow  inwards 
to  the  olfactory  bulbs.  As  the  olfactory  pits  deepen  they  grow  backwards  into  the 
roof  of  the  stomatodseal  space,  and  at  the  same  time  they  separate  the  lower  portion 
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of  the  fronto-nasal  process  Into  three  parts,  constituting  a  median  and  two  lateral 
□aaal  processes.  At  each  lateral  angle  of  the  median  nasal  process  a  spheroidal 
ele^iiCion,  the  (lobnlar  process,  appears.  The  part  of  the  median  nasal  procesB 
which  intervenes  between  the  two  globular  processes  is  divided  into  two  areas,  an 
ui)per  triajigulat  and  a  lower  quadrilateral,  by  the  appearance  of  a  transverse  ridge, 
which  is  afterwards  moulded  into  the  tip  of  the  nose.  The  upper  triangular  area 
becomes  the  dorsum  of  the  nose,  and  the  lower  quadrilateral  area  forms  the 
columella,  i.e.   the  lower  and  anterior  part  of  the  septum  between  the  anterior 


Kio,  31. 

I.  Side  view  of  the  head  of  hutnui  einhryo  about  27  days  old,  showing  the  olfactory  pit  and  the  viscsrnl  srehea 

and  clcna  (tt<na  His). 

II.  Tramrerie  section  throuKh  the  head  of  an  emliryo,  showing  the  relation  of  the  olfactory  pita  to  the  fore- 

lirain  aod  to  the  roof  of  the  atomatodieal  apace. 

III.  Hud  of  human  embryo  abont  29  days  old,  showing  the  division  of  the  lower  part  of  the  mesial  fronUl 

protesa  into  the  two  globular  processes,  the  iuterNention  of  tha  olfactory  pits  between  the  mesial 
and  lateral  naaal  protessea,  and  the  approximation  of  the  maiiUary  and  lateral  nasal  processes,  which, 
however,  are  separated  by  the  oculo-uasal  snlcua  (from  His). 

IV.  Transverse  section  of  head  of  embryo,  showing  the  deepening  of  the  olfactory  pits  and  their  relation  to  the 

hemisphere  vesicles  of  the  fore- brain. 

nasal  aperturea  The  globular  processes  are  utilised  in  the  formation  of  the  pbiltnun 
or  middle  part  of  the  upper  lip,  and  the  lateral  nasal  processes  form  the  alEe  of 
the  uose  or  lateral  boundaries  of  the  anterior  nasal  apertures.  As  the  olfactory  pits 
deepen  and  grow  backwards  into  the  roof  of  the  stomatodteum  the  maxillary  pro- 
cesses grow  forwards  from  the  lateral  boundaries  of  that  space,  that  is  from  the 
upper  ends  of  the  mandibular  arches,  and  pass  beneath  the  eyes,  which  now  form 
distinct  prominences  on  the  sides  of  the  head.  The  upper  borders  of  the  maxillary 
processes  come  into  contact  with  the  lateral  nasal  processes  from  which  they  are 
temporarily  separated  by  grooves,  the  ocalo-nasal  snlcL  These  latter  pass  from  the 
depressions  round  the  eyeballs,  the  rudimentary  conjunctival  sacs,  to  the  margins 
of  the  nasal  pita.     The  anterior  extremities  of  the  maxillary  processes  impinge 
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upon  the  globular  processes,  and  ultimately'  their  upper  borders  and  anterior  ex- 
tremities fuse  nith  the  lateral  nasal  and  globular  processes,  completing  the  lo^wer 
boundaries  of  the  anterior  nasal  orifices  and  the  lateral  i>arts  of  the  primitive 
upper  lip.  At  the  same  time  the  oculo-uasal  sulci  are  converted  first  into  solid 
cords  of  cells,  and  afterwards  into  the  lachrymal  aacs  and  the  nasal  ducts,  which 
henceforth  constitute  the  channels  of  communication  between  the  conjunctival 
sacs  and  the  nose. 

The  result  of  the  ingrowth  of  the  maxillary  processes  and  tlieir  fusion  with  the 


Flo.  32. 

I.  Portion  of  the  himd  »nd  neck  of  a  huniau  embryo  32  days  old.  llie  floor  of  tlie  iiioiitli  ap.l  plmryui  aud 
the  veutral  part  or  the  anterior  portion  of  Clie  body  liave  1j«en  retitoved.  By  the  ftpproximstlon  of  tht 
globular  sod  niHiillHry  proteaaea  the  !»undarie'<  of  the  nnUrior  iiareB  lat  almost  complete,  but  the 
olfactory  pits  still  open  in  the  wholD  of  their  lengths  into  the  roof  of  the  mouth  (from  His). 

If.  Trunsveru  section  of  die  head  of  an  embryo,  sliowini^  the  close  apposition  of  the  globular  aiiil  inaiillary 


ead  of  human  embryo  about  '2  months  old.  shoeing  the  uu 

ou  of  the  globalar  proiessea  and  their  fusion 

with  the  maxillary  pnxen^a.     The  anterior  an^]  aperture 

3  »re  tiow  roiupletelv  defined  (troiu  His). 

Vansvi'rse  section  of  the  hcail  of  an  embryo,  showing  the 

fusion  of  the  maiillary  processes    nilh   the 

te  from  the  mouth. 

lateral  nasal  and  globular  processes  is  the  division  of  the  large  orifice  which  led  into 
the  stomatodecal  apace  into  three  parts — a  large  lower,  and  two  smaller  upper  aper- 
tures. The  lower  opening  is  the  aperture  of  the  month ;  it  is  bounded  below  by 
the  united  mandibular  arches,  and  above  by  the  fused  mesial  nasal  and  maxillary 
processes.  The  smaller  upper  openings  are  the  anterior  narea,  which  on  their  first 
formation  are  merely  foramina  of  communication  between  the  exterior  and  the 
upper  part  of  the  stomatodieal  space;  the  latter  is  not  yet  separated  into  nasal  and 
oral  chambers. 

Formation  of  the  Palate  and  the  Separation  of  the  Nasal  and  Baccal 
Oavities. — This  separation  is  eft'ected  by  the  formation  of  the  palate,  which  is 
developed  to  a  slight  extent  by  the  backward  growth  of  the  globular  processes 
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along  the  roof  of  the  space  as  a  pair  of  ridgea,  termed  the  nasal  lamuue,  which  fuse 
together  to  form  a  small  anterior  portion  of  the  palate,  viz.  the  intermaxillary  pro- 
cess, in  which  the  interuiaxillary  parts  of  the  superior  maxillie  are  formed.  The 
remaining  and  greater  part  of  the  palate  is  formed  by  two  ledge-like  ingrowths, 
one  from  the  inner  surface  of  each  maxillary  process,  whieli  meet  and  fuse  anteriorly 
with  the  intermaxillary  process,  and  behind  this  with  each  other.  In  these  pro- 
jt«tioDS  the  palatal  processes  of  the  superior  maxillfe  and  the  horizontal  plates  of 
the  palate  bones  are  formed,  and  by  their  fusion  the  upper  part  of  the  stomatodjeal 
space  is  separated  off  from  the  remainder  as  a  common  nasal  chamber  which  com- 
municates in  front  with  the  exterior  by  the  anterior  narial  orifices,  and  behind 
with  the  pharyngeal  portion  of  the  fore-gut  by  the  choanal  apertures  or  posterior 
uarea.  Xhe  lower  part  of  the  stomatodffial  space  and  the  front  part  of  the  fore-gut 
together  form  the  mouth  or  buccal  cavity ;  thia  opens  anteriorly  by  a  transverse 
aperture,  the  boundaries  of  which  have  already  been  described,  and  posteriorly  it  is 
in  direct  continuity  with  the  pharynx. 

The  division  of  the  common  nasal  chamber  into  two  parts  commences  before  its 
separation  from  the  mouth  is  completed,  and  it  is  brought  about  by  the  development 


it'  Lilt  maxlllBry  pro- 
of U  septum  which  is  continuous  anteriorly  with  the  fused  nasal  laminie,  and  which 
grows  downwards  and  backwards  from  the  mesial  part  of  the  under  aspect  of  the 
tronto-uasal  process.  This  septum  fuses  below  with  the  conjoined  margins  of  the 
palatal  ledges  of  the  maxUlary  procepses,  and  a  vertical  plate  of  cartilage  soon 
develops  in  its  interior,  which  is  continuous  above  with  the  cartilaginous  base  of  the 
tTdnium  (basi-cranial  axis).  A  portion  of  this  septal  cartilage  remains  in  the  adult 
as  the  septal  cartilage  of  the  nose,  and  the  remainder  is  more  or  less  completely 
refilaced  by  the  vertical  plate  of  the  ethmoid  bone  and  by  the  vomer.  The  lateral 
wall  of  each  nasal  chamber  is  formed,  in  the  lower  part  of  its  extent,  by  the 
Diaiillary  process  of  the  mandibular  arch,  in  which  the  superior  maxillary,  malar, 
and  palate  bones,  and  possibly  the  interoal  pterygoid  plate,  are  developed,  and  in 
the  upper  part  by  the  outer  boundary  of  the  original  nasal  pit,  which  now  forms 
inly  the  upper  part  of  the  nasal  cavity.  In  this  upper  section  of  the  outer  wall 
an  outgrowth  of  the  basi-cranial  axis  projects  downwards,  and  is  developed  into 
the  lateral  mass  of  the  ethmoid  bone ;  probably  it  also  takes  part  in  the  formation 
uf  th«  inferior  turbinal  bone. 

The  fusion  of  the  three  segments  of  the  palate  commences  anteriorly  at  the 
eighth  week  by  the  union  of  the  maxillary  and  globular  processes;  it  passes  back- 
wards and  is  completed  by  the  fusion  of  the  posterior  parts  of  the  palatal  ledges  of 
the  maxillary  processes  about  the  tenth  week.  To  the  non-completion  of  this 
fusion  the  various  cases  of  hare-lip  and  cleft  palate  are  due. 

Organ  of  Jacobson- — The  organs  of  Jacobsou  are  rudimentary  structures  in  mati. 


42  GENERAL  EMBRYOLOGY. 

Tbey  lie  in  the  lower  and  Bot«rior  part  of  the  nasal  septum,  one  upon  each  side. 
They  are  developed  as  small  diverticula  which  grow  backwards  and  upwards  in  the 
substance  of  the  septum,  and  their  points  of  commencement  are  situated  immediatelv 
above  the  intermaxillary  segment  of  tbe  palate.  Each  diverticulum  is  partially  sur- 
rounded, on  its  inner  side,  by  a  cartilaginous  capsule,  it  ends  blindly  behind,  aud  it  o]]ens 
anteriorly  close  to  tbe  floor  of  the  nose  iu  the  region  of  Stenson's  foramen — a  small 
aperture  left  between  the  premaxillary  and  maxillary  sections  of  the  bony  palate. 

Pituitary  Body. — The  pituitary  body  is  formed  partly  from  the  floor  of  the 
first  primary  cerebral  vesicle,  and  partly  from  the  roof  of  the  BtomatodEeal  space. 
The  Btomatodaial  portion  appears  aa  a  small  pouch,  Kathke's  pouch,  which  grows 
upwards  into  the  base  of  the  head  immediately  in  front  of  the  dorsal  margin 
of  the  bucco-pliaryngeal  membrane  and  the  anterior  end  of  the  notochord,  and 
behind  the  fore-brain.  It  is  lined  by 
^^  ectoderm,  and  soon  becomes  a  conical 

vesicle  which  lies  beneath  the  base  of 
the  fore-brain.  Its  orifice  of  communica- 
tion with  the  stomatod^eal  space  is  gradu- 
ally constricted  until  the  lumen  dis- 
appears, and  then  for  a  time  the  vesicle 
is  connected  with  the  surface  by  a  solid 
cord  of  ectodermal  cells.  This  also  dis- 
appears, and  the  vesicle  is  embedded  in 
the  base  of  the  head  in  a  region  above 
and  between  those  parts  of  the  basal 
axis  which  afterwards  are  transformed 
into  the  basi-  and  pre-sphenoid  elements 
of  the  sphenoid  bone. 

During  the  period  of  its  fonnatiou 

and  separation  the  ingrowth  from  the 

Btomatodseum  comes  into  relation  poH- 

teriorly  with  a  small  diverticulum  from 

the  floor  of  the  fore-brain,  which  dilates 

at  its  lower  end  to  form  the  posterior 

Fig.  34.— VEBTiciL  Skctioh  tkhouuh  Hkad  or      or  cerebral  lobe  of  the  pituitary  body, 

BiT  EuBKTO.  whilst  its  upper  part   remains   as   the 

Showing  the  fonnMion  of  th«  1*0  parte  ot  the  pituiury  infundibulum,  the  Connecting  stalk  be- 

body  (diaKmniiintic).  .,  .'    .,  .      ,  >    .i        n 

,,    ,         ,       ...        tween  the  pituitary  body  and  the  floor 

[Ectoderni  is  repreMiiWd  in  blacit,  cnttnltmi  lu  blue,         „    ,       .  ■_  -    .  ,    ■    i        <■  li_      i_  mi. 

uid  mesoderm  in  red.)  "•  '"^  third  ventricle  of  the  brain.    The 

At.    Atua.  P.    Piu«»i  bcKiy.  anterior    or   stomatodEeal   lobe   of    the 

Ax.   Aiii.  PR-  Orebni  heiiiisphriv.      pituitary  body  is  much  lai^r  than  the 

B.  Ortiinginous  Wi-  Pt'.  Cerebral  part  of  pituit-  posterior  lobe,  which  it  surrounds  and 
H.     Hv™.'"' '""'  Pt>.  Bu'cai'p^'of  pituitarv-  conceals  both  in  front  and  at  the  sides. 

HR  Hiiid-braiii.  bwiy.  It  is  evident  that  in  the  early  stages 

MB.  Mid-br»iii,         .  .    -"■  ^'™*  g«iiglion.  [he  pituitary  body  eonsista  of  two  ecto- 

ar  o  ""^^i^i^iii^ji^^  ?J^^*'  dermal  vesicles,  the  cavity  of  the  pos- 

terior vesicle  is  continuous  with  the 
cerebral  tube,  and  that  of  the  anterior  vesicle  with  the  cavity  of  the  primitive 
mouth.  The  cavity  of  the  posterior  vesicle  is  generally  obliterated,  and  though 
nervous  structures  are  for  a  time  developed  in  its  walls  they  entirely  disappear  in 
man  and  are  replaced  by  vascular  connective  tis.'fue.  Occasionally  a  small  part  of 
the  cavity  remains  as  a  minute  vesicle  lined  with  columnar  ciliated  epithehum. 

The  cavity  of  the  anterior  vesicle  persists,  it  sends  out  numerous  diverticula, 
and  is  gradually  converted  into  a  number  of  tubular  spaces,  lined  with  cubical  or 
columnar  cells,  united  together  by  vascular  connective  tissue  which  has  grown 
amidst  the  tubules  from  the  surrounding  mesoderm. 
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THE  EXTERNAL  EAR,  THE  TYMPANIC  CAVITY,  AND  THE 
EUSTACHIAN  TUBE. 

The  external  ear,  the  tympanic  cavity,  and  the  EuBlachian  tube  are  all  developed 
from  the  first  viaceral  cleft  and  its  bouadarteB.  The  cleft  liea  between  the 
mandibular  (first)  aud  the  hyoid  (second)  visceral  arch  in  the  aide  wall  of  the 
pharyngeal  portion  of  the  fore-gut,  and,  before  a  neck  is  develoi>ed,  it  extends  from 
juat  ventral  to  the  otic  veaicle,  which  lies  at  the  side  of  the  hind-brain,  above,  to 
the  pericardial  region  helow.  The  membrane  which  lies  at  the  bottom  of  the  cleft 
consists  in  the  early  etages  of  ectoderm  and  entoderm,  but  in  a  short  time  a  thin 
layer  of  mesoderm  grows  between  the  two  primary  layers,  and  the  trilaminar  septum 
is  ultimately  converted   into  hb 

the  tjonpanic  membrane  which 
separates  the  external  from 
the  middle  ear. 

The  differentiation  of  the 
out«r  part  of  the  cleft  is  initi- 
ated by  the  appearance  of  six 

tubercles  round  its   margins,  \ 

which   are   afterwards   trans-  r"^' 

formed  into  the  several  parts  ^ 

of  the  pinna.  , 

Two  tubercles  are  formed  /"" 

anteriorly  on  the  mandibular 

arch,  one  at  the  dorsal  end  of 

the  cleft  and  three  posteriorly 

on  the  hyoid  arch.     The  two 

tubercles  on  the  mandibular 

arch  are  a  small  lower,  the 

tnbercnlom   tragicum,    and    a 

larger  upper,  the  tnbercnlTmi 

anterias  hflUcia.     The  tubercle 

at  the  upper  end  of  the  cleft 

ia  the  tabarculnm  intennodioin 

lielicis.      The   upper   tubercle        ^^-  BloalveaaeU  N.    Notochoni. 

on  the  byoid  arch  is  the  tubar-        e„  ^tt.  .aditon  meatus.         P.     Ph.rynx. 

culom  aatheliciB,  the  middle  is  ET.    Euat&chian  tobe.  HL.    RecciunB  latijTinthii. 

the    tabsicalam    antitracicam,  HR  Hind-brain.  ac.    Semicircular  canal. 

and  the    lowest   is    the  tuber-  HM.  Hyo  ,candib«lar  clett.         T.      Tympau«m. 

cnlam  lobnlare.  Shortly  after  the  appearance  of  the  tubercles  a  process,  the  caudal 
pracoas,  grows  backwards  and  downwards,  from  the  posterior  part  of  the  tuberculum 
intermedium  helicis,  behind  the  tuberculum  anthelicls  and  the  tuberculum  anti- 
tr^icum  to  the  tuberculum  lobulare,  with  which  it  fuses  The  tuberculum  tragicum 
remains  more  or  leas  distinct,  and  it  forms  the  prominence  called  the  tragus  which 
lies  in  front  of  the  concha  and  external  auditory  meatus. 

The  two  tubercles  of  the  helix  and  the  caudal  process  unite  to  form  the  helix 
or  marginal  portion  of  the  pinna ;  this  terminates  below  in  the  lobule  which  is 
developed  from  the  tuberculum  lobulare.  The  tuberculum  anthelicis  and  the 
tuberculum  antitragicum  are  the  rudiments  respectively  of  the  antihelix  and  the 
antitraguB,  and  the  latter  unitea  below  the  lower  part  of  the  cleft  with  the  rudiment 
of  the  tragus,  forming  the  lower  boundary  of  the  outer  part  of  the  external  meatus. 
It  should  be  noted  that  in  the  early  stages  the  tuberculum  anterius  helicis  lies  in 
front  of  the  outer  part  of  the  tirat  visceral  cleft,  but  it  does  not  retain  this  position 
in  the  later  stages  during  whicli  the  cleft  is  relatively  reduced  in  size,  and  when 
development  is  completed  and  the  outer  part  of  the  cleft  is  transformed  into  the 
external  auditory  meatus  the  commencement  of  the  helix,  which  is  developed  from 
the  tuberculum  anterius  helicis,  is  situated  just  above  the  outer  extremity  of  the 
external  meatus. 
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The  outer  part  of  the  cleft  ia  moulded  into  the  ejcternal  auditory  pusaage.  ll 
remains  relatively  shallow  and  devoid  of  bony  boundariea  till  alter  birth,  but  in 
the  aubeutaneous  tissue  round  the  lower  margin  of  the  tympauic  membrane  an 
incomplete  ring  of  bone  is  formed  during  the  third  month,  and  at  an  earlier  period, 
above  the  upper  part  of  that  membrane,  the  rudiment  of  the  squamous  part  of  the 
temporal  bone  appears.  To  the  outer  aide' of  the  tympanic  ring  in  the  subcutaneous 
tiaaue  of  the  pinna  and  the  outer  part  of  the  external  auditory  pasaage  three  pieces 
of  cartilage  appear,  and  they  afterwards  join  to  form  the  cartilage  of  the  pinna  and 
the  external  auditory  meatus. 

After  birth  the  external  meatus  is  deepened  by  the  outgrowth  of  the  tympauic 
ring  below  and  of  the  squamous  part  of  the  temporal  bone  above,  together  with  a 

coincident  in- 
crease of  the  outer 
part  of  the  canal. 
The  tympanic 
cavity  and  tlif 
Enstachi&n  tabe 
s  are   both   formed 

from     the     inner 

*  part  of  the    tirsi 

visceral  cleft,  uud 

consequently  they 

are  both  bued  by 

entoderm. 

3  The  tympanic 

J  cavityi8de4eloi)ed 

from  the  dorsal  or 

upper  end  of  this 

J    portion  of  theclel't, 

2  '  and  it  isprolouged 

upwards    on     the 

outer  side  of  the 

otic  vesicle  which 

simultaneously 

descends    in    the 

tisauesof  the  head. 

Thus    the    upi^r 

end  of  the  inner 

portion  of  thecleft, 

whichiseomewhitt 

dilated,  comes  U> 

lie    between    the 

otic  vesicle,  which 

is  developed  into  the  internal  ear  on  the  inner  side,  aud  the  tympanic  membrane 

which  sep^irates  it  from  the  exlernal  auditory  meatus  on   the  outer  side,  and  it 

remains  in  the  adult  as  a  Iatt.'rully  compressed  space,  the  tympanic  cavity,  which 

is  continuous  throufjh  the  Eustuchian  tube  with  the  upi>er  part  of  the  pharynx.     In 

the  mesoderm  round  the  inner,  upper,  and  back  port  of  the  cavity  the  petroua  part  of 

the  temporal  bone  is  developed  and  ossitied.  and  iu  the  lower  and  anterior  part  the 

tympanic  ossification  extends  outwards  during  the  formation  of  the  tympanic  plalc. 

The  upper  part  of  the  tj'nipaiiic  space  ia  prolonged  backwards  between  the  ossityiug 
petrous  and  tMtuamouii  parts  of  the  temporal  bone,  where  it  forms  a  recess  known  in  the 
adult  as  the  mastoid  antrum,  from  whith  at  a  later  period  diverticula  are  projected  inl« 
the  mastoid  portion  of  the  temporal  boiie,  forming  the  mastoid  air  cells. 

The  lower  portion  of  the  inner  part  of  the  cleft  ia  moved  obliquely  forwards. 
As  development  proceeds  it  is  contracted  and  carried  downwards  and  forwards  in 
front  of  the  developing  otic  vesicle.  It  is  the  rudiment  of  the  Eustachian  tube, 
and,  as  the  septum  which  .'separates  the  nasal  chambers  from  the  month  is  formed, 
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its  lower  end  attains  a  position  just  behind  and  at  the  side  of  the  posterior  narial 
orifice  in  the  upper  and  lateral  part  of  the  pharynx.  Apparently,  therefore,  the 
lower  end  of  the  Eustachian  tube  has  a  much  higher  position  than  that  originally 
occupied  by  the  lower  end  of  the  cleft  from  which  it  is  formed,  for  it  will  be 
remembered  that  the  lower  end  of  the  first  visceral  cleft  is  situated,  in  the  early 
stages,  at  the  side  of  the  tuberculum  impar  from  which  the  anterior  two-thirds  of 
the  tongue  is  formed.  This  alteration  in  relative  position  is  due,  however,  not  to 
elevation  of  the  lower  end  of  the  first  visceral  cleft  during  its  transformation  into 
the  Eustachian  passage,  but  to  the  enormous  downgrowth  of  the  mandibular  arches, 
which  carry  with  them  the  tongue,  as  they  enlarge  to  form  the  lower  jaw. 

THE  HIND-GUT,  THE  ANAL  PASSAGE,  AND  THE  POST-ANAL 

OPv  TAIL-GUT. 

By  the  formation  of  the  mouth  the  primitive  alimentary  canal  opens  anteriorly  ; 
it  remains  closed  posteriorly  until  a  later  date,  when  the  anal  passage  and  orifice 
are  developed. 

The  posterior  end  of  the  hind-gut  which  is  enclosed  in  the  tail- fold  is  termed 
the  cloaca.  The  cloaca  is  dilated,  and,  assuming  a  conical  form,  receives  the 
terminations  of  the  genito-urinary  ducts.  It  is  bounded  postero-inferiorly  by  the 
cloacal  membrane  which  extends  from  the  root  of  the  tail  to  the  body  stalk  by  which 
the  embryo  is  attached  to  the  chorion.  The  cloacal  membrane  is  modified  from  the 
posterior  part  of  the  primitive  streak ;  this  remains  on  the  surface  of  the  body  after 
the  anterior  part  has  been  separated  and  enclosed  during  the  completion  of  the 
posterior  part  of  the  neural  canal,  and  it  forms  a  septum  between  the  cavity  of  the 
cloaca  and  the  exterior.  It  consists  at  first  of  ectoderm  and  entoderm  alone,  and 
it  is  only  at  its  lower  and  anterior  part  that  it  is  subsequently  invaded  to  a  slight 
extent  by  mesoderm. 

During  the  second  month  of  intrauterine  life  the  cloaca  is  divided  into  a  ventral 

or  genito-urinary,  and  a  dorsal  or  rectal  section,  by  the  formation  and  fusion  of 

latered  folds,  which  gradually  unite,  from  before  backwards,  till  finally  the  posterior 

end  of  the  septum  approaches  and  fuses  with   the  cloacal  membrane,  and  the 

rectum  is  separated    from  the  genito-urinary    chamber.     Before  this  separation 

is  completed  an   eminence   appears   in   the   region   of  the  anterior   part   of  the 

cloacal   membrane   at   the  junction   of  the   ventral   surface   with   the   posterior 

extremity  of  the  body,  i,e.  in  that  part  which  afterwards  becomes  the  region  of  the 

symphysis  pubis.     This  eminence  is  the  genital  eminence,  and  from  it  are  formed 

the  penis  in  the  male  and  the  clitoris  in  the  female.     The  genital  eminence  is 

surrounded  by  an  oval  fold  of  skin,  genital  fold,  which  extends  from  the  front  of 

the  eminence  to  the  root  of  the  tcdl  and  encloses  a  shallow  fossa,  the  cloacal  fossa, 

at  the  bottom  of  which  is  the  cloacal  membrane.     The  posterior  part  of  the  cloacal 

fossa  is  afterwards  separated  from  the  anterior  part  by  a  transverse  fold,  the  perineal 

fold,  which  crosses  the  external  surface  of  the  cloacal  membrane  in  a  position  which 

corresponds  internally  with  that  occupied  by  the  lower  end  of  the  septum  separating 

the  genito-urinary  from  the  rectal  portions  of  the  cloacal.     The  posterior  part  of 

the  cloacal   fossa,  behind   the   transverse   fold,  is   the  proctodaeal   depression   or 

proctodaBun ;   at   firat   its  long   axis   lies   transversely,   afterwards   it  assumes   a 

triangular  and  then  a  circular  form,  the  sphincter  ani  muscle  develops  in  its  walls, 

and  it  is  transformed  into  the  greater  part,  if  not  the  whole,  of  the  anal  canal  of 

the  adult.     It  is  separated  from  the  rectum  by  the  posterior  part  of  the  cloacal 

membrane,  but  when  that  disappears,  at  a  date  which  has  not  yet  been  definitely 

ascertained,  but  probably  about  the  third  month,  the  anal  passage  forms  the  canal 

by  which  the  rectum  communicates  with  the  exterior  of  the  body. 

The  orifices  of  the  alimentary  canal  are  thus  completed. 

The  Post-anal  or  Tail-Gut. — When  the  hind-gut  is  first  enclosed  there  is  no  tail, 
hut  a  rudimentary  tail  is  subsequently  developed  as  an  outgrowth  from  the  dorsal  end  of 
the  tail-fold,  i.e.  from  the  posterior  extremity  of  the  body  of  the  embryo.  A  a  the  tail  is 
formed,  a  narrow  tube,  which  communicates  in  front  with  the  hind-gut,  is  developed 
>»itbin  it.     This  is  called  the  post-anal  or  tail-gut.     As  a  rule  it  only  exists  for  a  short 
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time,  diBappearing  from  before  backwarde  about  the  period  when  cartilage  begioB  to  be 
formed  in  the  body  and  limbs,  and  before  the  cloaca  ia  divided  into  its  rectal  and  genito- 
urinary portionB.     In  the  few  cases  in  which  it  persists 
it  retains  its  continuity    with  the  rectum,   which    is 
formed  from  the  dorsal  part  of  the  cloaca. 

.  ■     »    //  "^^^  tail-gut  appears  in  the  human  subject  when 

^^^^^  J     \//  the  embryo  is  3  nim.  long,  and  the  rudimentary  tail  is 

'^^  ^  /i  just  visible   as  a  small  nodule.      When  the  embryo 

^k      /vJ  attains  the  length  of   4'8   mm.    the  anterior  part  of 

^    '  M  the  teil-gnt  begins  to  degenerate,  its  cavity  disappears, 

M      m  and  it  is  converted  into  a  solid  cord  of  cells  which  is 

^^y  still  attached  in  front  to  the  hind-giit.     In  embryos 

"^^^^^^  1 1  -5  mm.  long,  when  the  tail  has  been  enclosed  in  the 

^^>  CM  posterior  part  of  the  body,  the  connexion  of  the   tail- 

gut  with  the  hind-gut  is  lost,  and  the  tail-gut  is 
represented  by  a  small  vesicle  with  a  short  conJ  of 
degenerating  cells  attached  to  its  anterior  part. 

In  larger  embryos  the  tail-gut  entirely  disappears. 
When,  as  in  the  human  subject,  the  rudimentary  tail  is 
eventually  embedded  in  the  posterior  end  of  the  body, 
any  rudiments  of  the  tail -gut  which  persist  will  be 
found  in  this  situation ;  it  is  stated  that  such  rudi- 
ments occasionally  develop  into  tumour  formations. 
In  mammals  with  free  tails,  rudiments  of  the  tail-gut 
may  be  met  with  in  any  part  of  the  tail,  and  apparently 
"^^^  •-">'  the  anterior  portion  occasionally  persists  and  maintains 

its  connexion  with  the  rectum,  from  which  it  extends 
backwards  as  a  narrow  and  blind  diverticulum. 

THE   LIMBS. 

Though  the  body  of  the  embryo  begins  to  assume 
definite  form  as  soon  as  it  is  folded  and  nipped  off 
from  the  rest  of  the  ovum,  it  does  not  present  any 
distinguishable  human   characteristics    until    the 
anterior  and  posterior  limbs  are  formed.     There  are 
no   traces  of  these  before  the   third  week  of  in- 
trauterine life  when  two  longitudinal  ridges,  the 
Fio.  a;,— DiAflBiMB showing  the  sejHin-  WoUBan  ridfeB,  are  developed,  one  on  each  lateral 
Hon  of  the  cloacsl  part  of  th»  hind-  surface  of   the   body,  jost   external    to  the  outer 
gut    into    giiiiio- urinary    tract    i»nil  margins  of  the  iiiesudermic  somites,  and  opposite 
A     Aii«n'wic  itsiii         u     urM«r  ^^   ^°®  "^  ^'^  intermediate  cell  mass.     The  rudi- 

b!    BiwWsr.  i;r.   Urciiiii.        meuts  of  the  fore-  and  hind-limbs  are  discernible, 

CM.  cioMi  m»nibnu)^.     VM.'   v^icuia'simi-  almost  from  the  fifst,  as  slight  prominences  of  the 
It'    Bfciuiil  WD  w'StBanJuct  Wolffian  ridgcs,  and  in  tlis  fourth  wock  they  project 

as  bud-like  outgrowths  in  the  thoracic  and  pelvic 
regions  respectively.  The  development  of  the  fore-limb  or  arm  is  throughout 
slightly  in  advance  of  that  of  the  hind-limb  or  leg.  At  the  fourth  week  each 
limb-bud  is  a  flattened  semilunar  projection,  as  long  as  it  is  broad,  with  a  dorsal 
and  a  ventral  surface  and  an  anterior  or  preaxiai,  and  a  posterior  or  postaxial 
border.  As  growth  proceeds  tlie  elongating  limb-buds  are  bent  ventrally,  and  in 
the  tiftli  week  two  transverse  furrows,  on  the  ventral  aspect  of  each,  indicate  the 
positions  of  the  joints  and  the  division  of  each  limb  into  three  segments — distal, 
middle,  and  proximal — representing  the  hand,  fore-arm,  and  arm  in  the  upper  limb, 
and  the  foot,  leg,  and  thigh  in  the  lower  limb.  The  terminal  or  distal  segments 
are  broad,  flat  plates  with  rounded  margins,  but  each  is  soon  divided  into  a  some- 
what enlarged  basal  part,  and  a  thinner  and  more  flattened  marginal  part.  It  is 
where  these  two  parts  are  continuous  that  the  rudiments  of  the  digits  appear. 
They  l)ecome  distinguishable  about  the  end  of  the  fifth  week  as  small  lobes  which 
gradually  extend  outwards.  In  the  fore-limb  the  fingers  project  beyond  the  margin 
of  the  hand-segments  in  the  sixth  week,  but  the  toes  do  not  reach  the  margins  of 
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the  foot  till  the  early  part  of  the  seventh  week.  The  nails  appear  at  the  third 
month,  and  reach  the  ends  of  the  digits  at  the  sixth  month. 

In  the  primary  position  of  the  limbs  the  elbow  and  the  knee  appear  alike  to  be 
directed  outwards,  but  this  is  soon  altered.  At  the  end  of  the  sixth  week  each 
limb  undergoes  a  partial  rotation,  the  direction  of  which  is  different  in  the  fore-  and 
hind-limbs  respectively.  In  the  former  the  elbow  is  turned  backwards,  the  ventral 
surface  therefore  becomes  anterior,  and  the  preaxial  (thumb)  margin  is  directed 
outwards ;  in  the  hind-limb  the  knee  is  turned  forwards,  and  the  ventral  surface  of 
the  limb  becomes  posterior,  whilst  the  preaxial  (great  toe)  margin  is  directed 
inwards;  thus  in  the  adult  the  anterior  surface  and  outer  border  of  the  upper 
extremity  correspond  with  the  posterior  surface  and  inner  border  of  the  lower 
extremity,  whilst  obviously  the  posterior  surface  and  inner  border  of  the  former 
are  homologous  with  the  anterior  surface  and  outer  border  of  the  latter. 

Each  limb-bud  may  be  regarded  as  an  extension  from  a  definite  number  of  the 
segments  of  the  body ;  it  contains  a  core  of  mesoderm,  and  the  anterior  or  ventral 
primary  divisions  of  the  corresponding  spinal  nerve  segments  are  apparently 
prolonged  into  it. 

The  central  part  of  the  mesoderm,  except  in  the  regions  of  the  joints  where 
cavities  appear,  is  condensed  and  then  converted  first  into  cartilage,  and  afterwards 
into  bone.  The  proximal  part  of  the  bony  skeleton  of  each  limb,  the  limb  girdle, 
is  not,  however,  developed  in  the  limb-bud,  but  in  the  body-wall  at  its  base.  The 
more  superficially  situated  mesoderm  is  transformed  into  muscles  and  subcutaneous 
tissues,  the  extensor  muscles  appearing  on  the  dorsal  and  the  flexor  muscles  on  the 
ventral  aspect. 

As  the  nerve  trunks  pass  into  the  free  portion  of  the  limb  they  bifurcate,  the 
branches  passing  respectively  to  the  dorsal  or  extensor  aspect  of  the  limb,  and  to 
the  ventral  or  flexor  aspect. 

Apparently  in  mammals  the  whole  of  the  mesodermal  Core  of  each  limb-bud  is 
formed  from  the  somatic  mesoderm  of  the  lateral  plates.  If  tliis  is  the  case  the 
muscles  of  the  limbs  difler  in  origin  from  those  of  the  back,  for  the  latter  are 
developed  from  the  muscle  plates  of  the  protovertebral  somites.  In  lower  verte- 
brates (cartilaginous  fishes)  buds  are  given  off  to  the  limbs  from  the  muscle  plates 
and  cutaneous  lamellae  in  the  thoracic  and  pelvic  regions,  and  as  the  muscle  plates 
I«i88  downwards  in  the  somatopleure  towards  the  ventral  aspect  of  the  body,  these 
buds  grow  outwards  into  the  limb-rudiments  and  develop  into  the  muscles  of  the 
Umbs.  Presumably  this  is  the  more  primitive  arrangement,  and  that  met  with  in 
man  and  other  mammals  is  secondary,  and  it  is  stated  that  although  no  distinct 
buds  from  the  muscle  plates  pass  into  the  limbs  of  mammals,  nevertheless  the 
limb-muscles  are  formed  by  cells,  proliferated  from  the  muscle  plates,  which  have 
migrated  into  the  somatopleural  mesoderm  of  the  limbs. 


THE  NUTRITION  AND   PROTECTION   OF  THE  EMBRYO 
DURING   ITS   INTRAUTERINE  EXISTENCE. 

The  impregnated  ovum  during  its  passage  down  the  Fallopian  tube,  and  for  a 
brief  period  also  after  it  enters  the  uterus,  lives  either  on  the  yolk  granules  (deuto- 
plasm)  embedded  in  its  own  cytoplasm,  or  upon  material  absorbed  from  the  fluids 
by  which  it  is  surrounded.  The  human  ovum  is  very  small,  and  consequently  it  is 
almost  from  the  first  dependent  for  its  nutrition  upon  sources  of  supply  outside 
itself  The  urgent  necessity  for  adequate  arrangements  whereby  this  may  be 
ejected  leads  to  that  early  establishment  of  an  intimate  vascular  connexion 
between  the  embryo  and  the  mother  which  is  so  characteristic  a  feature  in  the 
development  of  the  human  ovum.  At  the  end  of  the  second  week,  after  fertilisa- 
tion of  the  ovum,  the  embryo  is  separated  by  a  slight  constriction  from  the  rest  of 
the  blastodermic  vesicle,  and  already  a  primitive  heart  and  rudimentary  blood- 
vessels are  distinguishable. 

The  development  of  the  vascular  system,  and  the  establishment  of  the  fcetal 
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circulation,  however,  cannot  well  be  understood  until  the  formation  and  structural 
features  of  the  group  of  closely  associated  extra-embryonic  organs  or  appendages 
have  been  considered. 

This  group  includes  the  yolk-sac,  the  chorion,  the  amnion,  the  allantois,  and 
the  placenta. 

THE   FOETAL  MEMBRANES   AND  APPENDAGES. 

Tolk-Sac  or  Umbilical  Vesicle. — That  portion  of  the  blastodermic  cavity 
and  its  wall  which  is  not  included  in  the  body  of  the  embryo  to  form  the  primitive 
alimentary  canal  constitutes  the  umbilical  vesicle  or  yolk-sac.  Its  walls,  like  its 
cavity,  are  continuous  with  the  corresponding  parts  of  the  intestine,  and  their 
structural  features  are  identical,  there  being  an  inner  layer  of  entodermal  cells  and 
an  outer  layer  which  is  formed  by  the  splanchnic  layer  of  the  mesoderm. 

In  the  human  embryo  the  yolk-sac  is  a  small  flask-like  body,  suspended  from 
the  ventral  wall  of  the  alimentary  canal  by  a  hollow  stalk,  the  vitello-inteBtinal 
duct,  which  passes  through  the  umbilical  orifice.  It  lies  in  the  extra-embryonic 
continuation  of  the  body-cavity  (coelom),  and  is  filled  with  fluid.  Possibly  the 
contents  of  the  yolk-sac  are  utilised  in  the  nutrition  of  the  embryo  in  its  earliest 
stages,  and  the  first  rudiments  of  the  blood  vascular  system,  viz.  blood  corpuscles 
and  vessels,  appear  in  its  walls.  In  the  human  embryo,  however,  it  is  of  little 
nutritional  importance ;  it  soon  atrophies  and  almost  entirely  disappears,  but  leaves 
traces  of  its  existence  in  the  umbilical  cord. 

Amnion. — The  amnion  is  a  protective  sac  which  surrounds  the  embryo.  It 
is  formed,  after  the  development  of  the  coelom,  from  the  amniotic  area  of  the 
blastoderm,  and  its  wall  is  continuous,  at  the  margins  of  the  umbilical  orifice,  with 
the  body-wall  of  the  embryo.  Both  walls  consist  of  a  layer  of  ectoderm  and  a 
layer  of  somatic  mesoderm,  but  whilst  in  the  body-wall  the  ectoderm  is  external 
and  the  mesoderm  internal,  the  relative  positions  of  the  layers  are  reversed  in  the 
amnion,  the  mesoderm  being  external  and  the  ectoderm  internal. 

The  cavity  enclosed  between  the  amnion  and  the  embryo,  the  amniotic  cavity, 
is  filled  with  fluid,  the  amniotic  fluid,  in  which  the  embryo  floats.  The  amniotic 
cavity  is  quite  shut  off  for  some  time  from  all  the  neighbouring  spaces,  but  after 
the  disappearance  of  the  bucco-pharyngeal  and  cloacal  membranes  it  communicates, 
both  anteriorly  and  posteriorly,  with  the  alimentary  canal  of  the  embryo. 

The  development  of  the  amnion  in  mammals  is  closely  associated  with  the 
attachment  of  the  ovum  to  the  uterine  wall  and  with  the  subsequent  formation  of 
the  placenta.  Thus  in  the  carnivora,  before  the  coelom  is  formed,  the  ectoderm  in 
the  chorionic  area  becomes  attached  to  the  uterine  tissues  by  small  villous  out- 
growths which  invade  the  uterine  mucous  membrane.  This  attachment  is  most 
complete  in  the  placental  region,  that  is,  around  the  margins  of  the  amniotic  area. 
As  the  embryo  is  folded  off  from  the  blastoderm  and  the  coelom  develops,  both  the 
embryo  and  the  amniotic  area  remain  quite  free  from  the  uterine  tissues,  indeed,  it 
may  be  said  that,  at  this  period,  the  embryo  is  suspended  from  the  margins  of  tlie 
placental  area  by  the  amniotic  membrane. 

As  development  proceeds  the  amniotic  area  increases  in  extent  by  interstitial 
growth,  and  thereupon  the  embryo,  the  membrane  which  suspends  it  being  relaxed, 
sinks  more  and  more  into  the  interior  of  the  ovum,  or,  to  be  more  precise,  into  the 
coelomic  space,  which,  in  the  meantime,  has  considerably  increased.  At  the  same 
time  the  growth  of  the  placental  area  causes  all  parts  of  its  inner  margin  to  converge, 
and  as  the  inner  margins  of  the  placental  area  are  continuous  with  the  outer 
margins  of  the  amniotic  membrane,  the  amnion  is  gradually  carried  over  the  dorsal 
surface  of  the  embryo  till  its  margins  meet  and  fuse.  After  the  fusion  of  its 
margins  the  amnion  separates  entirely  from  the  chorionic  area,  henceforth 
known  as  the  chorion,  and  forms  a  closed  sac  which  completely  surrounds 
the  embryo. 

On  reference  to  Figs.  21  and  27  it  will  be  seen  that  as  the  wall  of  the  blasto- 
dermic vesicle  is  carried  inwards  over  the  dorsal  surface  of  the  embryo  it  is  folded ; 
^he  outer  part  of  the  fold  consists  of  the  chorionic  portion,  and  the  inner  part  of  the 
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amniotic  portion  of  the  blastoderm.  Tlie  fold  is  called  the  unnion  fold ;  it  ie  quite 
continuous  round  the  whole  marj,'in  oi'  the  embryo,  but  aome  parts  of  it  are  more 
advanced  than  others,  or  in  other  words  the  convergence  of  the  inner  margin 
of  the  placental  area  of  the  blastoderm  over  tlie  dorsal  surface  of  the  embryo  does 
not  take  place  at  the  same  rate  ot  to  the  name  extent  in  all  parts.  For  convenience 
of  description  it  is  usual  to  divide  the  amnion  fold  into  four  parts — the  cephalic,  the 
cjiudal,  and  the  two  lateral  amnion  folds ;  these,  however,  are  all  continuous  with 
one  another. 

The  inner  part  of  the 
fold,  which  is  formed  from 
the     amniotic     area,    is     " 
t«rmed  the  true  amnion, 
and  the  outer  part,  formed    ss 
from  the   chorionic  area, 
the    faise    amnion.     The    sc 
latter  term   is,  however, 

synonymous  with  chorion,  Ich 

and  as  it  is  misleading,  it 
should  be  avoided. 

As  the  amnion  is 
formed  from  the  amniotic  , 
area  of  the  blastoderm 
after  the  extension  of  the 
ca'lom,  it  must  consist,  as 
preriously  mentioned,  of 

ectoderm     and     somatic  }cb 

mesoderm, 'and  as  the  sur- 
fa^^e  of  the  amniotic  area 
is  reversed  during  the 
formation  of  the  amnion  m 
folds,  it  is  obvious  that  in  vl 
the  fully-formed  amnion 
the  ectodermal  layer  is 
internal  and  the  somatic 
meaxlerm  external.  ^ 

In    the    case  of   the  |ai 

human    ovum    the    phe- 
nomena of  amnion  forma- 
tion are  probably  practi-         Pin-  38,  — Thansvehse  BKtmoNa  ov  tub  uterus  and  DKVlLoplsa 
cally  similar,  except  that  *^*'^'>'  "'  *  F""*". 

the  ovum  develops  not  in    showing  the  fonnntion  and  c 
the  cavity  of  the  uterns,  '^'J^ZZ  '"'  '"  "' 

but   in    the    substance    of    ^^      Aiunion.  en.  Entwlem.  SC.        stratum  conipactuni. 

the  mucous  membrane  into  AF.  Anmion  fol.l  M.  Muscuhr  w»ll  S&'  stratum  simngiosnni. 
which    it    has   penetrated.     C-      Ccelom.  of  utems.  SoM.     Somstio  masodemi. 

Ui»  bi.»_^r^..„  ..    ,._J    J     t?h-    chorion.  NG.    NeDral  imwve-         Wii.M.  Splanchnic  njraodenui 

IS  therefore  surrounded    gc.    Ectoderm.         PV.  Placeald^llu..      Vh.       Uncli«.ged    UyCT    of 
liy  the  mucous  membrane  uterine  miicosa. 

on    all    sides,    and    the 

chorionic  part  of  the  surface  of  the  ovum  is  closely  attached  to  the  surrounding 
tiasue,  but  the  amniotic  and  embryonic  areas  are  free.  If  this  is  the  case  the  process 
of  amnion  folding  can  take  place  in  the  human  ovum  exactly  as  in  the  ovum  of  a 
carnivorous  animal,  the  inner  margin  of  the  chorionic  area  growing  inwards  over 
the  amniotic  and  embryonic  areas,  the  only  difference  being  that  the  process  takes 
jikce  in  a  cavity  in  the  mucous  membrane  and  not  on  its  surface.  This  conclusion 
ia  supported  by  Spec's  observations  on  human  ova  and  by  those  of  Selenka  on  the 
ova  of  monkeys  and  apea,  but  it  is,  however,  possible  that,  as  in  some  rodents  and 
in?ectivora,  the  amnion  cavity  appears  in  a  mass  of  ectoderm  which  lies  at  the 
embryonic  pole  of  the  ovum,  the  mass  being  cleft  by  the  appearance  of  the  cavity 
into  embryonic  and  amniotic  sections.     The  two  parts  are  then  continuous  at  the 
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margin  of  the  embryonic  area,  and  the  mesoderm  growing  round  the  amniotic 
ectoderm  separates  it  from  the  chorionic  ectoderm. 

After  the  amnion  is  completed  its  cavity  is  distended  with  fluid.  As  it  expands 
it  gradually  obliterates  the  extra-embryonic  part  of  the  coelomic  cavity,  and  finally 
its  outer  surface,  of  somatic  mesoderm,  comes  into  contact  and  fuses  with  the  somatic 
mesoderm  on  the  inner  surface  of  the  chorion.  At  this  period  the  cavities  in  the 
ovum  are  the  amniotic  cavity,  the  remains  of  the  yolk-sac,  and  those  portions  of  the 
original  blastodermic  and  coelomic  spaces  which  have  been  included  in  the  embryo. 

In  the  human  ovum,  when  the  amnion  folds  unite  and  the  true  amnion  separates 
from  the  chorion,  the  embryo  and  its  enclosing  amnion  would  be  free  within  the 
cavity  of  the  chorion,  or  extra-embryonic  coelom,  were  it  not  that  a  very  short  cord 
of  somatic  mesoderm  and  ectoderm,  the  body-stalk,  connects  the  posterior  end  of  the 
embryo  with  the  somatic  mesoderm  on  the  inner  surface  of  the  chorion. 

Body-Stalk. — To  thoroughly  understand  how  this  union  is  effected  in  the 
human  ovum,  and  to  comprehend  the  nature  of  the  body-stalk,  it  is  necessary  to 
refer  to  some  striking  peculiarities  which  are  to  be  observed  in  the  earlier  stages 
in  the  development  of  the  human  embryo.  When  segmentation  is  completed,  and 
the  morula  is  converted  into  a  blastula  by  the  appearance  of  a  cavity  in  its  interior, 
the  human  ovum  consists  of  an  outer  layer,  the  ectoderm,  and  an  inner  cell-ma^s 
(Figs.  12  and  39).  The  latter,  however,  which  is  attached  to  a  small  area  of  the 
ectoderm,  does  not,  as  in  many  mammals,  extend  itself  by  migration  round  the  inner 
surface  of  that  layer,  and  so  transform  the  unilaminar  into  a  bilaminar  blastoderm 
and  convert  the  cavity  of  the  blastula  into  the  blastodermic  cavity.  The  sequence 
of  events  is  different :  a  cavity  or  space  appears  in  the  inner  cell-mass  itself  (Figs. 
41,  42,  and  44),  and  this  expanding  rapidly,  is  ultimately  converted  into  the  yolk- 
sac  and  the  alimentary  canal  of  the  embryo ;  it  corresponds,  therefore,  with  the 
blastodermic  cavity  of  other  mammals. 

Thus  the  entoderm,  though  derived  from  the  inner  cell-mass,  never  lines  the 
inner  surface  of  the  ectoderm  except  in  the  embryonic  area,  for  soon  after  the 
appearance  of  the  cavity  of  the  inner  cell-mass  the  mesoderm  grows  rapidly  from 
the  primitive  streak  and  extends,  not  in  a  single  layer,  as  in  the  majority  of 
mammals,  but  as  two  layers,  one  over  the  outer  surface  of  the  entoderm,  the 
splanchnic  layer,  and  the  other,  the  somatic  layer,  over  the  inner  surface  of  the 
ectoderm.  The  cavity  of  the  blastula  is  thus  ultimately  enclosed  between  the 
somatic  and  splanchnic  layers  of  the  mesoderm,  and  so  becomes  converted  into  the 
coelomic  space  (Fig.  42). 

As  the  mesoderm  extends,  the  several  areas  of  the  blastoderm  are  differentiated 
as  in  other  mammals,  but  the  embryonic  and  amniotic  areas  remain  of  relatively 
small  size.  The  separation  of  the  amnion  from  the  chorion  is  effected  at  a  very 
early  period,  before  the  folding  off  of  the  embryo  has  commenced,  but  the  somatic 
mesoderm  growing  from  the  posterior  end  of  the  embryonic  area  still  retains  its 
connexion  with  the  similar  layer  on  the  inner  surface  of  the  chorion,  and  it  forms 
a  short,  and  for  a  time  a  broad  stalk  which  unites  the  embryo,  and  consequently 
the  amnion  and  the  blastodermic  cavity,  with  which  the  embryo  is  connected,  to  the 
chorion  (Fig.  42).  In  addition  to  forming  a  bond  of  union  between  the  embryo 
and  the  chorion  the  mesodermal  stalk  conducts  blood-vessels  from  the  embryo  to 
the  chorion,  and  more  especially  to  its  placental  part. 

At  an  early  period  a  pouch-like  diverticulum  projects  from  the  posterior  part 
of  the  entodermal  sac.  This  is  the  allantoic  diverticulum;  it  lies  beneath  the 
posterior  part  of  the  embryonic  area,  and  the  area  is  curved  upon  itself  so  that  its 
convexity  looks  towards  the  entodermal  sac,  and  its  concavity  towards  the  anmion. 

After  the  embryonic  area  has  increased  in  extent,  and  when  the  folding  off  of 
the  embryo  has  commenced,  the  anterior  end  of  the  area  and  the  posterior  end  of 
the  primitive  streak  remain  relatively  stationary  as  in  other  mammals,  the  cephalic 
and  caudal  folds  appear,  and  the  curvature  of  the  greater  part  of  the  area  is 
reversed,  but  the  most  posterior  part  retains  its  original  position,  lying  for  a  time 
parallel  with  the  caudal  fold ;  afterwards,  however,  it  assumes  a  more  horizontal 
position.  This  posterior  section  of  the  embryonic  area  contains  the  diverticular 
T>rocess  of  the  entodermal  sac  "whicb  .is-  cajled  the  allantois ;  it  also  contains  the 
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blood-vessels,  allantoic  arteries  and  veins,  which  pass  between  the  embryo  and  the 
placenta.  It  is  in  relation  at  first  with  the  amnion,  it  appears  to  be  entirely 
behind  the  embryo,  and  it  is  called  the  "body-stalk."  At  a  later  period, 
when  the  stalk  of  mesoderm — the  allantoic  stalk — which  connects  it  with  the 
inner  surface  of  the  chorion  is  elongated,  this  part  of  the  embryonic  area  is 
reversed  in  position,  its  anterior  end  is  carried  forwards  till  it  forms  the  posterior 
boundary  of  the  umbilical  orifice,  and  the  area  in  question  forms  the  ventral  wall 
of  the  body  from  the  umbilical  to  the  genital  region. 

Allantois. — The  allantois  plays  an  important  part  in  the  formation  of  the 
placenta.  It  consists  of  two  portions,  an  entodermic  diverticulum  from  the  ventral 
wall  of  the  cloacal  part  of  the  hind-gut,  and  a  mesodermal  covering.  The  ento- 
dermic diverticulum  appears  in  the  human  subject,  before  the  hind-gut  is  defined, 
as  a  hollow  blind  protrusion  from  the  blastodermic  cavity  ;  it  extends  behind  the 
primitive  streak  into  the  mesoderm  of  the  body-stalk,  but  as  the  folding  off  of  the 
embryo  proceeds,  and  the  body-stalk  is  carried  forward  into  the  ventral  wall  of  the 
embryo,  the  position  of  the  diverticulum  is  altered,  and  ultimately,  when  the 
folding  ojff  is  completed,  it  springs  from  the  ventral  part  of  the  cloaca,  runs  forward 
to  the  umbilical  orifice,  and  passing  through  it,  projects  for  a  short  distance  still 
invested  with  the  mesodermal  covering  primarily  obtained  from  the  body-stalk. 
The  ventral  part  of  the  cloaca  is  afterwards  converted  into  the  bladder,  while  the 
rectum  is  formed  from  the  dorsal  part. 

The  mesodermal  sheath  which  surrounds  the  entodermic  diverticulum  extends 
beyond  it  to  the  inner  surface  of  the  chorion  ;  the  part  which  extends  beyond  the 
diverticulum  is  at  first  extremely  short,  indeed  it  is  only  recognisable  as  a  layer  of 
mesoderm  uniting  the  body-stalk  and  chorion,  but  as  development  proceeds  and 
the  body-stalk  is  folded  forward  to  form  the  ventral  wall  of  the  body  of  the  embryo, 
posterior  to  the  umbilicus,  this  portion  of  the  mesoderm  is  elongated,  and  it  forms 
the  allantoic  stalk  by  which  the  embryo  retains  its  connexion  with  the  chorion, 
and  along  which  pass  the  allantoic  or  umbilical  arteries  to,  and  the  corresponding 
veins  from,  the  chorionic  villi 

After  the  separation  of  the  cloaca  into  bladder  and  rectum,  that  portion  of  the 
allantois  which  lies  in  the  body  of  the  embryo,  between  the  apex  of  the  bladder 
and  the  umbilical  orifice,  is  gradually  converted  into  a  fibrous  cord,  the  urachus. 
The  entodermal  diverticulum  disappears,  and  after  birth,  when  the  placental  circu- 
lation ceases,  the  umbilical  arteries  are  transformed  into  fine  fibrous  strands.  The 
remainder  of  the  allantois  which  lies  outside  the  body  of  the  embryo,  and  which 
takes  part  in  the  formation  of  the  umbilical  cord  and  placenta,  is  separated  from 
the  embryo  at  birth. 

UmbUical  Cord. — The  umbilical  cord  is  essentially  a  mesodermal  structure 
which  connects  the  embryo  with  the  placenta,  serving  as  a  passage  for  the  allantoic 
vessels  to  and  from  the  foetal  portion  of  the  latter  organ.  It  replaces,  functionally, 
the  body-stalk  and  the  allantoic  stalk,  which  were  earlier  provisions  for  the  same 
purpose,  and  it  is  formed  by  the  fusion  of  the  allantoic  stalk  with  part  of  the 
vitello-intestinal  duct  and  the  remains  of  the  yolk-sac. 

The  vitello-intestinal  duct  is  at  first  a  relatively  wide  channel  which  connects 
the  primitive  gut  with  the  yolk-sac ;  it  passes  through  the  umbilical  orifice.  In 
later  stages,  as  the  body-stalk  is  swung  round  into  the  ventral  wall  of  the  body, 
the  allantoic  stalk,  which  projects  from  the  end  of  the  body-stalk,  is  brought  into 
close  relation  with  the  distal  end  of  the  vitello-intestinal  duct  and  the  remains  of 
the  yolk-sac;  the  mesodermal  constituents  of  the  three  structures  then  fuse 
together,  and  the  whole  is  surrounded  by  the  expanding  amnion.  In  this  way  the 
umbilical  cord  is  formed.  It  includes,  therefore,  the  allantoic  stalk  and  its  blood- 
vessels, together  with  the  remains  of  the  yolk-sac  and  its  stalk,  the  vitello-intestinal 
duct,  all  of  which  are  invested  and  bound  together  by  the  amnion. 

The  mesodermal  core  of  the  cord  forms  a  fibro-mucoid  tissue  known  as 
"Wharton's  jelly,"  which  consists  of  stellate  and  irregular  cells  embedded  in  a 
gelatinous  matrix.  The  blood-vessels  of  the  cord  are  situated  in  the  core,  and 
mclude  two  allantoic  or  umbilical  arteries  which  run  spirally  round  a  single 
umbilical  vein.    The  terminal  portion  of  the  allantoic  diverticulum  projects  into 
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The  outer  part  of  the  cleft  is  moulded  into  the  external  auditory  pusaage.  It 
remains  relatively  shallow  and  devoid  of  boEy  boundariea  till  alter  birth,  but  in 
the  subcutaneous  tiBsue  round  the  lower  margin  of  the  tympanic  membrane  an 
incomplete  ring  of  bone  is  formed  during  the  third  mouth,  and  at  an  earlier  period, 
above  the  upper  part  of  that  membrane,  the  rudiment  of  the  squamous  part  of  the 
temporal  bone  appears.  To  the  outer  side  of  the  tympanic  ring  in  the  subcutaneous 
tissue  of  the  pinna  and  the  outer  part  of  the  external  auditory  passage  three  pieces 
of  cartilage  appear,  and  they  afterwanls  join  to  form  the  cartilage  of  the  pinna  and 
the  external  auditory  meatus. 

After  birth  the  external  meatus  is  deepened  by  the  outgrowth  of  the  tympanic 
ring  below  and  of  the  squamous  part  of  the  temporal  bone  alxive,  together  with  a 

coincident  in- 
crease of  the  outer 
part  of  the  cunol. 
The  tympanic 
cavity  and  the 
EastachiAa  tube 
1  are   both   formed 

from     the     inner 

^  part  of  the   first 

visceral  cleft,  and 

consequently  they 

are  both  lined  hy 

entoderm. 

B  The  tympanic 

,  cavity  i8de\  eloped 

from  the  dorsal  or 

upper  end  of  this 

portionof  theclel  t, 

t  '  undit  isprolonged 

upwards    on    the 

outer  side  of  the 

otic  vesicle  which 

simultaneously 

descends    in    the 

tissues  of  the  head. 

Thus    the    upj>er 

end  of  the  inner 

portion  of  thecleft, 

which  issomewhat 

dilated,  comes  to 

lie    between    the 

otic  vesicle,  which 

is  developed  into  the  internal  ear  on  the  inner  side,  ami  the  tympanic  membrane 

whieh  separates  it  from  tlie  external  auditory  meatus  on   the  outer  side,  and  it 

remains  in  the  adult  as  a  laterally  compressed  space,  the  tympanic  cavity,  which 

is  continuous  through  the  Eustachian  tube  with  the  upper  part  of  the  pharynx.     In 

the  mesoderm  round  the  iimer,  upper,  and  back  part  of  the  cavity  the  petrous  part  of 

the  temporal  lx)ne  is  developed  and  ossified,  and  iu  the  lower  and  anterior  part  the 

tympanic  oHsification  extends  outwards  during  the  formation  of  the  tympanic  plate. 

The  upper  part  of  the  tympauiu  space  is  prolonged  buckwurda  between  the  ossifying 
petrous  and  ixjiiamoiiD  parts  of  the  tciupotal  bone,  where  it  forua  a  recess  knoH'u  iu  the 
adult  as  the  mastoid  antrum,  from  which  at  a  later  period  diverticula  are  projected  iulo 
the  mastoid  portion  of  the  temporal  bone,  forming  the  mastoid  air  cells. 

The  lower  portion  of  the  inner  part  of  the  cleft  is  moved  obliquely  forwards. 
As  development  proceeds  it  is  contracted  and  carried  downwards  and  forwards  in 
front  of  the  developing  otic  vesicle.  It  is  the  rudiment  of  the  Eustachian  tube, 
and,  as  the  seiitum  which  sei»arates  the  nnsat  chambers  from  the  mouth  is  formed. 


THE    PlHHA. 

'J.             „           anUrius  helicis 
;:.           „          iDlcrmeilmm  helicie 
4.   CauiU  hellcis 
6.  Tiiberculiimiintheliei»  =  AntiheIi 

(i.      Tubereulum   Biilitragkum  =  Anti 
trigiis. 
-  Helix.      7.       Tul«.culum  lobuUr*  =  Lobulf- 

0\-.    Olic  VfMllr. 
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its  lower  end  attains  a  position  just  behind  and  at  the  side  of  the  posterior  narial 
orifice  in  the  upper  and  lateral  part  of  the  pharynx.  Apparently,  therefore,  the 
lower  end  of  the  Eustachian  tube  has  a  much  higher  position  than  that  originally 
occupied  by  the  lower  end  of  the  cleft  from  which  it  is  formed,  for  it  will  be 
remembered  that  the  lower  end  of  the  first  visceral  cleft  is  situated,  in  the  early 
stages,  at  the  side  of  the  tuberculum  impar  from  which  the  anterior  two-thirds  of 
tlie  tongue  is  formed.  This  alteration  in  relative  position  is  due,  however,  not  to 
elevation  of  the  lower  end  of  the  first  visceral  cleft  during  its  transformation  into 
the  Eustachian  passage,  but  to  the  enormous  downgrowth  of  the  mandibular  arches, 
which  carry  with  them  the  tongue,  as  they  enlarge  to  form  the  lower  jaw. 

THE  HIND-GUT,  THE  ANAL  PASSAGE,  AND  THE  POST-ANAL 

OR  TAIL-GUT. 

By  the  formation  of  the  mouth  the  primitive  alimentary  canal  opens  anteriorly  ; 
it  remains  closed  posteriorly  until  a  later  date,  when  the  anal  passage  and  oriiice 
are  developed. 

The  posterior  end  of  the  hind-gut  which  is  enclosed  in  the  tail-fold  is  termed 
the  cloaca.  The  cloaca  is  dilated,  and,  assuming  a  conical  form,  receives  the 
terminations  of  the  gen i to-urinary  ducts.  It  is  bounded  postero-inferiorly  by  the 
cloacal  membiaxie  which  extends  from  the  root  of  the  tail  to  the  body  stalk  by  which 
the  embryo  is  attached  to  the  chorion.  The  cloacal  membrane  is  modified  from  the 
posterior  part  of  the  primitive  streak ;  this  remains  on  the  surface  of  the  body  after 
the  anterior  part  has  been  separated  and  enclosed  during  the  completion  of  the 
posterior  part  of  the  neural  canal,  and  it  forms  a  septum  between  the  cavity  of  the 
cloaca  and  the  exterior.  It  consists  at  first  of  ectoderm  and  entoderm  alone,  and 
it  is  only  at  its  lower  and  anterior  part  that  it  is  subsequently  invaded  to  a  slight 
extent  by  mesoderm. 

During  the  second  month  of  intrauterine  life  the  cloaca  is  divided  into  a  ventral 

or  genito- urinary,  and  a  dorsal  or  rectal  section,  by  the  formation  and  fusion  of 

lateral  folds,  which  gradually  unite,  from  before  backwards,  till  finally  the  posterior 

end  of  the  septum  approaches  and  fuses  with   the  cloacal  membrane,  and  the 

rectum  is  separated   from  the  genito-urinary    chamber.     Before  this  separation 

is  completed  an   eminence   appears   in   the   region   of  the  anterior  part   of  the 

duacal   membrane   at   the  junction   of  the   ventral   surface   with   the   posterior 

extremity  of  the  body,  i.e.  in  that  part  which  afterwards  becomes  the  region  of  the 

symphysis  pubis.     This  eminence  is  the  genital  eminence,  and  from  it  are  formed 

the  penis  in  the  male  and  the  clitoris  in  the  female.     The  genital  eminence  is 

surrounded  by  an  oval  fold  of  skin,  genital  fold,  which  extends  from  the  front  of 

the  eminence  to  the  root  of  the  tail  and  encloses  a  shallow  fossa,  the  cloacal  fossa, 

at  the  bottom  of  which  is  the  cloacal  membrane.     The  posterior  part  of  the  cloacal 

fossa  is  afterwards  separated  from  the  anterior  part  by  a  transverse  fold,  the  perineal 

fold,  which  crosses  the  external  surface  of  the  cloacal  membrane  in  a  position  which 

corresponds  internally  with  that  occupied  by  the  lower  end  of  the  septum  separating 

the  genito-urinary  from  the  rectal  portions  of  the  cloacal.     The  posterior  part  ol" 

the  cloacal   fossa,  behind   the   transverse   fold,  is   the  proctodaeal  depression   or 

proctodanm;   at   first   its   long   axis   lies   transversely,   afterwards  it   assumes   a 

triangular  and  then  a  circular  form,  the  sphincter  ani  muscle  develops  in  its  walls, 

Hnd  it  is  transformed  into  the  greater  part,  if  not  the  whole,  of  the  anal  canal  of 

the  adult.     It  is  separated  from  the  rectum  by  the  posterior  part  of  the  cloacal 

membrane,  but  when  that  disappears,  at  a  date  which  has  not  yet  been  definitely 

ascertained,  but  probably  about  the  third  month,  the  anal  passage  forms  the  canal 

by  which  the  rectum  communicates  with  the  exterior  of  the  body. 

The  orifices  of  the  alimentary  canal  are  thus  completed. 

The  Post-anal  or  Tail-Gut. — When  the  hind-gut  is  first  enclosed  there  is  no  tail, 
hut  a  rudimentary  tail  is  subsequently  developed  as  an  outgrowth  from  the  dorsal  end  of 
the  tail-fold,  t.«.  from  the  posterior  extremity  of  the  body  of  the  embryo.  As  the  tail  is 
formed,  a  narrow  tube,  which  communicates  in  front  with  the  hind-gut,  is  developed 
within  it.     This  is  called  the  post-anal  or  tail-gut.     As  a  rule  it  only  exists  for  a  short 
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time,  disappearing  from  before  backwards  about  the  period  when  cartilage  begins  to  be 
formed  in  the  body  and  limba,  and  before  the  cloaca  is  divided  into  its  rectal  and  genito- 
urinary portions.  In  the  few  cases  in  which  it  pergist^ 
it  retains  its  continuity  with  the  rectum,  which  is 
formed  from  the  dorsal  part  of  the  cloaca. 

The  tail-gut  appears  in  the  human  subject  wlien 
the  embryo  is  3  mm.  long,  and  the  rudimentary  tail  ia 
just  visible  as  a  small  nodule.  When  the  embryo 
attains  the  length  of  4-8  mm.  the  anterior  part  of 
the  tail-gut  begins  to  degenerate,  its  cavity  disappears, 
and  it  is  converted  into  a  solid  cord  of  cells  which  is 
still  attached  in  front  to  the  hind-gut.  In  embryos 
11-5  mm.  long,  when  the  tail  has  been  enclosed  in  the 
posterior  part  of  the  body,  the  coniieiion  of  the  tail- 
gut  with  the  hind-gut  ia  lost,  and  the  tail-gut  U 
represented  by  a  small  vesicle  with  a  short  cord  of 
degenerating  cells  attached  to  its  anterior  part. 

In  larger  embryos  the  tail-gut  entirely  disappears. 
When,  as  in  the  human  subject,  the  rudimentary  tail  is 
eventually  embedded  in  the  posterior  end  of  the  body, 
any  rudiments  of  the  tail-gut  which  persist  will  be 
found  in  this  situation ;  it  is  stated  that  such  rudi- 
ments occasionally  develop  into  tumour  formations. 
In  mammals  with  free  tails,  rudiments  of  the  tail-gut 
may  be  met  with  in  auy  part  of  the  tail,  and  apparently 
the  anterior  portion  occasionally  persists  and  maintains 
its  connexion  with  the  rectum,  from  which  it  extends 
backwards  aa  a  narrow  and  blind  diverticulum. 

THE   LIMBS. 

Though  the  body  of  the  embryo  begins  to  assume 
definite  form  as  soon  as  it  is  folded  and  nipped  off 
from  the  rest  of  tlie  ovum,  it  does  not  pre-sent  any 
distinguishable  human   characteristicB    until    the 
anterior  and  posterior  Umbs  are  formed.     There  are 
DO   traces  of   these  before  the  third  week  of  in- 
trauterine life  when  two  longitudinal  ridges,  the 
„,,.,.  Wolffian  ridges,  are  developed,  one  on  each  lateral 
liaci-  surface  of   the   body,  juqt   external   to  the   outer 
'"''  margins  of  the  nieaodermic  somites,  and  opposite 
the  line  of  tht;  interraediat*  cell  mass.     The  rudi- 
ments of  the  fore-  and  hind-limbs  are  discernible, 
VMicnta""™!-  almost  from  the  first,  as  slight  prominences  of  the 
K     R«tmu  WD  woitBin  .luot  Wolffian  ridges,  and  in  the  fourth  week  they  project 

as  bud-like  outgrowths  in  the  thoracic  and  pelvic 
regions  respectively.  The  development  of  the  fore-limb  or  arm  is  throughout 
slightly  in  advance  of  that  of  the  hind-limb  or  leg.  At  the  fourth  week  each 
limb-bud  is  a  flattened  semilunar  projection,  as  long  as  it  is  broad,  with  a  dorsal 
and  a  ventral  surface  and  an  anterior  or  preaxial,  and  a  posterior  or  poataxial 
border.  As  growth  proceeds  the  elongating  limb-buds  are  bent  ventrally,  and  in 
the  fifth  week  two  transverse  furrows,  on  the  ventral  aspect  of  e-ach,  indicate  the 
positions  of  the  joints  and  the  division  of  ench  limb  into  three  segments — distal, 
middle,  and  proximal — representing  the  hand,  fore-arm,  and  arm  in  the  upper  limb, 
and  the  foot,  leg,  and  thigh  in  the  lower  limb.  The  terminal  or  distal  segments 
are  broad,  fiat  plates  witli  rounded  margins,  but  each  is  soon  divided  into  a  some- 
what enlarged  basal  part,  and  a  thinner  and  more  flattened  inai^inal  part.  It  is 
where  these  two  parts  are  continuous  that  the  rudiments  of  the  digits  appear. 
They  Ijecome  distinguishable  about  the  end  of  the  fifth  week  as  small  lobes  which 
gradually  extend  outwards.  In  the  fore-limb  the  fingers  project  beyond  the  margin 
nf  the  hand-Begmentfl  in  the  sixth  week,  but  the  toes  do  not  reach  the  mai^ins  of 
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the  foot  till  the  early  part  of  the  seventh  week.  The  nails  appear  at  the  third 
month,  and  reach  the  ends  of  the  digits  at  the  sixth  month. 

In  the  primary  position  of  the  limbs  the  elbow  and  the  knee  appear  alike  to  be 
directed  outwards,  but  this  is  soon  altered.  At  the  end  of  the  sixth  week  each 
limb  undergoes  a  partial  rotation,  the  direction  of  which  is  different  in  the  fore-  and 
hind-limba  respectively.  In  the  former  the  elbow  is  turned  backwards,  the  ventral 
surface  therefore  becomes  anterior,  and  the  preaxial  (thumb)  margin  is  directed 
outwards ;  in  the  hind-limb  the  knee  is  turned  forwards,  and  the  ventral  surface  of 
the  limb  becomes  posterior,  whilst  the  preaxial  (great  toe)  margin  is  directed 
inwards ;  thus  in  the  adult  the  anterior  surface  and  outer  border  of  the  upper 
extremity  correspond  with  the  posterior  surface  and  inner  border  of  the  lower 
extremity,  whikt  obviously  the  posterior  surface  and  inner  border  of  the  former 
are  homologous  with  the  anterior  surface  and  outer  border  of  the  latter. 

Each  limb-bud  may  be  regarded  as  an  extension  from  a  definite  number  of  the 
segments  of  the  body ;  it  contains  a  core  of  mesoderm,  and  the  anterior  or  ventral 
primary  divisions  of  the  corresponding  spinal  nerve  segments  are  apparently 
prolonged  into  it. 

The  central  part  of  the  mesoderm,  except  in  the  regions  of  the  joints  where 
cavities  appear,  is  condensed  and  then  converted  first  into  cartilage,  and  afterwards 
into  bona  The  proximal  part  of  the  bony  skeleton  of  each  limb,  the  limb  girdle, 
is  not,  however,  developed  in  the  limb-bud,  but  in  the  body- wall  at  its  base.  The 
more  superficially  situated  mesoderm  is  transformed  into  muscles  and  subcutaneous 
tissues,  the  extensor  muscles  appearing  on  the  dorsal  and  the  flexor  muscles  on  the 
ventral  aspect. 

As  the  nerve  trunks  pass  into  the  free  portion  of  the  limb  they  bifurcate,  the 
branches  passing  respectively  to  the  dorsal  or  extensor  aspect  of  the  limb,  and  to 
the  ventral  or  flexor  aspect. 

Apparently  in  mammals  the  whole  of  the  mesodermal  core  of  each  limb-bud  is 
formed  from  the  somatic  mesoderm  of  the  lateral  plates.  If  tins  is  the  case  the 
muscles  of  the  limbs  differ  in  origin  from  those  of  the  back,  for  the  latter  are 
developed  from  the  muscle  plates  of  the  protovertebral  somites.  In  lower  verte- 
brates (cartilaginous  fishes)  buds  are  given  off  to  the  limbs  from  the  muscle  plates 
and  cutaneous  lamellse  in  the  thoracic  and  pelvic  regions,  and  as  the  muscle  plates 
pass  downwards  in  the  somatopleure  towards  the  ventral  aspect  of  the  body,  these 
buds  grow  outwards  into  the  limb-rudiments  and  develop  into  the  muscles  of  the 
limba  Presumably  this  is  the  more  primitive  arrangement,  and  that  met  with  in 
man  and  other  mammals  is  secondary,  and  it  is  stated  that  although  no  distinct 
buds  from  the  muscle  plates  pass  into  the  limbs  of  mammals,  nevertheless  the 
limb-muscles  are  formed  by  cells,  proliferated  from  the  nmscle  plates,  which  have 
migrated  into  the  somatopleural  mesoderm  of  the  limbs. 


THE  NUTRITION  AND  PROTECTION   OF  THE  EMBRYO 
DURING   ITS   INTRAUTERINE   EXISTENCE. 

The  impregnated  ovum  during  its  passage  down  the  Fallopian  tube,  and  for  a 
brief  period  also  after  it  enters  the  uterus,  lives  either  on  the  yolk  granules  (deuto- 
plasm)  embedded  in  its  own  cytoplasm,  or  upon  material  absorbed  from  the  fluids 
by  which  it  is  surrounded.  The  human  ovum  is  very  small,  and  consequently  it  is 
almost  from  the  first  dependent  for  its  nutrition  upon  sources  of  supply  outside 
itsell  The  urgent  necessity  for  adequate  arrangements  whereby  this  may  be 
efiected  leads  to  that  early  establishment  of  an  intimate  vascular  connexion 
between  the  embryo  and  the  mother  which  is  so  characteristic  a  feature  in  the 
development  of  the  human  ovum.  At  the  end  of  the  second  week,  after  fertilisa- 
tion of  the  ovum,  the  embryo  is  separated  by  a  slight  constriction  from  the  rest  of 
the  blastodermic  vesicle,  and  already  a  primitive  heart  and  rudimentary  blood- 
vessels are  distinguishable. 

The  development  of  the  vascidar  system,  and  the  establishment  of  the  foetal 
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circulation,  however,  cannot  well  be  understood  until  the  formation  and  structural 
features  of  the  group  of  closely  associated  extra-embryonic  organs  or  appendages 
have  been  considered. 

This  group  includes  the  yolk-sac,  the  chorion,  the  amnion,  the  allantois,  and 
the  placenta. 

THE   FCETAL  MEMBRANES   AND  APPENDAGES. 

Yolk-Sac  or  Umbilical  Vesicle. — That  portion  of  the  blastodermic  cavity 
and  its  wall  which  is  not  included  in  the  body  of  the  embryo  to  form  the  primitive 
alimentary  canal  constitutes  the  umbilical  vesicle  or  yolk-sac.  Its  walls,  like  its 
cavity,  are  continuous  with  the  corresponding  parts  of  the  intestine,  and  their 
structural  features  are  identical,  there  being  an  inner  layer  of  entodermal  cells  and 
an  outer  layer  which  is  formed  by  the  splanchnic  layer  of  the  mesoderm. 

In  the  human  embryo  the  yolk-sac  is  a  small  flask-like  body,  suspended  from 
the  ventral  wall  of  the  alimentary  canal  by  a  hollow  stalk,  the  vitello-intestinal 
duct,  which  passes  through  the  umbilical  orifice.  It  lies  in  the  extra-embryonic 
continuation  of  the  body-cavity  (coelom),  and  is  filled  with  fluid.  Possibly  the 
contents  of  the  yolk-sac  are  utilised  in  the  nutrition  of  the  embryo  in  its  earliest 
stages,  and  the  first  rudiments  of  the  blood  vascular  system,  viz.  blood  corpuscles 
and  vessels,  appear  in  its  walls.  In  the  human  embryo,  however,  it  is  of  little 
nutritional  importance ;  it  soon  atrophies  and  almost  entirely  disappears,  but  leaves 
traces  of  its  existence  in  the  umbilical  cord. 

Amnion. — The  amnion  is  a  protective  sac  which  surrounds  the  embryo.  It 
is  formed,  after  the  development  of  the  coelom,  from  the  amniotic  area  of  the 
blastoderm,  and  its  wall  is  continuous,  at  the  margins  of  the  umbilical  orifice,  with 
the  body-wall  of  the  embryo.  Both  walls  consist  of  a  layer  of  ectoderm  and  a 
layer  of  somatic  mesoderm,  but  whilst  in  the  body-wall  the  ectoderm  is  external 
and  the  mesoderm  internal,  the  relative  positions  of  the  layers  are  reversed  in  the 
amnion,  the  mesoderm  being  external  and  the  ectoderm  internal. 

The  cavity  enclosed  between  the  amnion  and  the  embryo,  the  anmiotic  cavity, 
is  filled  with  fluid,  the  amniotic  fluid,  in  which  the  embryo  floats.  The  amniotic 
cavity  is  quite  shut  off  for  some  time  from  all  the  neighbouring  spaces,  but  after 
the  disappearance  of  the  bucco-pharyngeal  and  cloacal  membranes  it  communicates, 
both  anteriorly  and  posteriorly,  with  the  alimentary  canal  of  the  embryo. 

The  development  of  the  amnion  in  mammals  is  closely  associated  with  the 
attachment  of  the  ovum  to  the  uterine  wall  and  with  the  subsequent  formation  of 
the  placenta.  Thus  in  the  carnivora,  before  the  coelom  is  formed,  the  ectoderm  in 
the  chorionic  area  becomes  attached  to  the  uterine  tissues  by  small  villous  out- 
growths which  invade  the  uterine  mucous  membrane.  This  attachment  is  most 
complete  in  the  placental  region,  that  is,  around  the  margins  of  the  amniotic  area. 
As  the  embryo  is  folded  off  from  the  blastoderm  and  the  ccelom  develops,  both  the 
embryo  and  the  amniotic  area  remain  quite  free  from  the  uterine  tissues,  indeed,  it 
may  be  said  that,  at  this  period,  the  embryo  is  suspended  from  the  margins  of  the 
placental  area  by  the  amniotic  membrane. 

As  development  proceeds  the  amniotic  area  increases  in  extent  by  interstitial 
growth,  and  thereupon  the  embryo,  the  membrane  which  suspends  it  being  relaxed, 
sinks  more  and  more  into  the  interior  of  the  ovum,  or,  to  be  more  precise,  into  the 
ccelomic  space,  which,  in  the  meantime,  has  considerably  increased.  At  the  same 
time  the  growth  of  the  placental  area  causes  all  parts  of  its  inner  margin  to  converge, 
and  as  the  inner  margins  of  the  placental  area  are  continuous  with  the  outer 
margins  of  the  amniotic  membrane,  the  amnion  is  gradually  carried  over  the  dorsal 
surface  of  the  embryo  till  its  margins  meet  and  fuse.  After  the  fusion  of  its 
margins  the  amnion  separates  entirely  from  the  chorionic  area,  henceforth 
known  as  the  chorion,  and  forms  a  closed  sac  which  completely  surrounds 
the  embryo. 

On  refei-ence  to  Figs.  21  and  27  it  will  be  seen  that  as  the  wall  of  the  blasto- 
dermic vesicle  is  carried  inwards  over  the  dorsal  surface  of  the  embryo  it  is  folded ; 
"^he  outer  part  of  the  fold  consists  of  the  chorionic  portion,  and  the  inner  part  of  the 
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aiUQiotic  portion  of  the  blastoderm.  The  fold  \b  called  the  amnion  fold  ;  it  is  quite 
continuous  round  the  whole  margin  of  the  embryo,  but  some  parts  of  it  are  more 
advanced  than  others,  or  in  other  words  the  convergence  of  the  inner  margin 
of  the  placental  area  of  the  blastoderm  over  the  dorsal  surface  of  the  embryo  does 
not  take  place  at  the  same  rate  or  to  the  »ame  extent  in  all  parts  For  convenience 
of  description  it  is  usual  to  divide  the  amnion  fold  into  four  parts — the  cephalic,  the 
raudal,  and  the  two  lateral  amnion  folds  ;  these,  however,  are  all  continuous  with 
one  another. 

The  inner  part  of  the 
fold,  which  is  formed  from 
the    amniotic     area,    is    " 
termed  the  true  amnion,  ^'' 
and  the  outer  part,  formed    sh 
from  the   chorionic  area, 
the    &lfle    amnion.     The    ^^ 
latter  term   is,  however, 

synonymous  with  chorion,  Jch 

and  as  it  is  misleading,  it 
should  be  avoided. 

As     the     amnion     is     m 
formed  from  the  amniotic  ^^ 
area  of    the    blastoderm 
after  the  extension  of  the    (« 
C'.t'lom,  it  must  consist,  as 
prenously  mentioned,  of 

ectoderm     and     somatic    "^^  |cii 

mesoderm, 'and  as  the  sur- 
face of  the  amniotic  area 
is  reversed  during  the 
formation  of  the  amnion  *• 
folds,  it  is  obvious  that  in  ul 
the  fully-formed  amnion 
the  ectodermal  layer  is 
internal  and  the  somatic 
mesoderm  external.  ^ 

In    the    case  of   the  ijch 

human    ovum    the    phe-  , 

noniena  of  amnion  forma- 
tion are  probably  practi-        Fii.  38.— Trass vbbhe  Sbctioss  ok  the  Uteruh  and  Dkvklopinq 
cally  Bimilar,  except  that  Ovum  of  a  Fbhbbt. 

the  ovum  develops  not  in  S'lowi'ig  tlis  formatimi  ami  closure  of  the  atnuion  folds,  the  completion  ot 
the  cavity  of  the  uterus.  S:et'::u,;:"'f  '^l  bS:™!^"'"  °'  '^^  """'  "*^'"  °' "" 

but   m    the    substance    of    ^        ^,..„i„„_  ^N.  Entcle™.  SC:.        stratum  compact«>«. 

tJiemUCOUSmembranemtO     AF.   Amnion  M.l      M.      Muacul.ir  wri!  SS.         stratum  spongiosum. 

which   it    has    penetrated.     C.       Oteloin,  ofutenu.  SoM.     Somatic  mesodann. 

It  is  therefore  surrounded    <^-   ••'"'rio''-  NG.  Neural  groove.        Sp.M.  SpUnchnlc  mesoderm. 

11  iS  niereiore  Burrounaea  g^  Ectoderm.  PV.  Platental  villus.  UL.  UEohanged  layer  of 
by  the  mucous  membrane  uterine  mucosa, 

on    all    sides,    and    the 

chorionic  part  of  the  surface  of  the  ovum  is  closely  attached  to  the  surroundiog 
tiasup,  bnt  the  amniotic  and  embryonic  areas  are  free.  If  this  is  the  case  the  process 
of  amnion  folding  can  take  place  in  the  human  ovum  exactly  as  in  the  ovum  of  a 
camivoroua  animal,  the  inner  margin  of  the  chorionic  area  growing  inwards  over 
the  anmiotic  and  enibrj-onic  areas,  the  only  difference  being  that  the  process  takes 
place  in  a  cavity  in  the  mucous  membrane  and  not  on  its  surface.  This  conclusion 
IS  supported  by  Spee's  observations  on  human  ova  and  by  those  of  Selenka  on  the 
ova  of  monkeys  and  ape.^,  but  it  is,  however,  possible  that,  as  in  some  rodents  and 
uisectivora,  the  amnion  cavity  appears  in  a  mass  of  ectoderm  which  lies  at  the 
embryonic  pole  of  the  ovum,  the  mass  being  cleft  by  the  appearance  of  the  cavity 
into  embryonic  and  amniotic  sections.     The  two  parts  are  then  continuous  at  the 
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margin  of  the  embryonic  area,  and  the  mesoderm   growing  round  the  amniotic 
ectoderm  separates  it  from  the  chorionic  ectoderm. 

After  the  amnion  is  completed  its  cavity  is  distended  with  fluid.  As  it  expands 
it  gradually  obliterates  the  extra-embryonic  part  of  the  coelomic  cavity,  and  finally 
its  outer  surface,  of  somatic  mesoderm,  comes  into  contact  and  fuses  with  the  somatic 
mesoderm  on  the  inner  surface  of  the  chorion.  At  this  period  the  cavities  in  the 
ovum  are  the  amniotic  cavity,  the  remains  of  the  yolk-sac,  and  those  portions  of  the 
original  blastodermic  and  coelomic  spaces  which  have  been  included  in  the  embryo. 

In  the  human  ovum,  when  the  amnion  folds  unite  and  the  true  amnion  separates 
from  the  chorion,  the  embryo  and  its  enclosing  amnion  would  be  free  within  the 
cavity  of  the  chorion,  or  extra-embryonic  coelom,  were  it  not  that  a  very  short  cord 
of  somatic  mesoderm  and  ectoderm,  the  body-stalk,  connects  the  posterior  end  of  the 
embryo  with  the  somatic  mesoderm  on  the  inner  surface  of  the  chorion. 

Body-Stalk. — To  thoroughly  understand  how  this  union  is  effected  in  the 
human  ovum,  and  to  comprehend  the  nature  of  the  body-stalk,  it  is  necessary  to 
refer  to  some  striking  peculiarities  which  are  to  be  observed  in  the  earlier  stages 
in  the  development  of  the  human  embryo.  When  segmentation  is  completed,  and 
the  morula  is  converted  into  a  blastula  by  the  appearance  of  a  cavity  in  its  interior, 
the  human  ovum  consists  of  an  outer  layer,  the  ectoderm,  and  an  inner  cell-mass 
(Figs.  12  and  39).  The  latter,  however,  which  is  attached  to  a  small  area  of  the 
ectoderm,  does  not,  as  in  many  mammals,  extend  itself  by  migration  round  the  inner 
surface  of  that  layer,  and  so  transform  the  unilaminar  into  a  bilaminar  blastoderm 
and  convert  the  cavity  of  the  blastula  into  the  blastodermic  cavity.  The  sequence 
of  events  is  different :  a  cavity  or  space  appears  in  the  inner  cell-mass  itself  (Figs. 
41,  42,  and  44),  and  this  expanding  rapidly,  is  ultimately  converted  into  the  yolk- 
sac  and  the  alimentary  canal  of  the  embryo ;  it  corresponds,  therefore,  with  the 
blastodermic  cavity  of  other  mammals. 

Thus  the  entoderm,  though  derived  from  the  inner  cell-mass,  never  lines  the 
inner  surface  of  the  ectoderm  except  in  the  embryonic  area,  for  soon  after  the 
appearance  of  the  cavity  of  the  inner  cell-mass  the  mesoderm  grows  rapidly  from 
the  primitive  streak  and  extends,  not  in  a  single  layer,  as  in  the  majority  of 
mammals,  but  as  two  layers,  one  over  the  outer  surface  of  the  entoderm,  the 
splanchnic  layer,  and  the  other,  the  somatic  layer,  over  the  inner  surface  of  the 
ectoderm.  The  cavity  of  the  blastula  is  thus  ultimately  enclosed  between  the 
somatic  and  splanchnic  layers  of  the  mesoderm,  and  so  becomes  converted  into  the 
coelomic  space  (Fig.  42). 

As  the  mesoderm  extends,  the  several  areas  of  the  blastoderm  are  differentiated 
as  in  other  mammals,  but  the  embryonic  and  amniotic  areas  remain  of  relatively 
small  size.  The  separation  of  the  amnion  from  the  chorion  is  effected  at  a  very 
early  period,  before  the  folding  off  of  the  embryo  has  commenced,  but  the  somatic 
mesoderm  growing  from  the  posterior  end  of  the  embryonic  area  still  retains  its 
connexion  with  the  similar  layer  on  the  inner  surface  of  the  chorion,  and  it  forms 
a  short,  and  for  a  time  a  broad  stalk  which  unites  the  embryo,  and  consequently 
the  amnion  and  the  blastodermic  cavity,  with  which  the  embryo  is  connected,  to  the 
chorion  (Fig.  42).  In  addition  to  forming  a  bond  of  union  between  the  embryo 
and  the  chorion  the  mesodermal  stalk  conducts  blood-vessels  from  the  embryo  to 
the  chorion,  and  more  especially  to  its  placental  part. 

At  an  early  period  a  pouch-like  diverticulum  projects  from  the  posterior  part 
of  the  entodermal  sac.  This  is  the  allantoic  diverticulain ;  it  lies  beneath  the 
posterior  part  of  the  embryonic  area,  and  the  area  is  curved  upon  itself  so  that  its 
convexity  looks  towards  the  entodermal  sac,  and  its  concavity  towards  the  amnion. 

After  the  embryonic  area  has  increased  in  extent,  and  when  the  folding  off  of 
the  embryo  has  commenced,  the  anterior  end  of  the  area  and  the  posterior  end  of 
the  primitive  streak  remain  relatively  stationary  as  in  other  mammals,  the  cephalic 
and  caudal  folds  appear,  and  the  curvature  of  the  greater  part  of  the  area  is 
reversed,  but  the  most  posterior  part  retains  its  original  position,  lying  for  a  time 
parallel  with  the  caudal  fold ;  afterwards,  however,  it  assumes  a  more  horizontal 
'losition.  This  posterior  section  of  the  embryonic  area  contains  the  diverticular 
rocess  of  the  entodermal  sac  ^whicb  .is-  cStHed  the  allantois ;  it  also  contains  the 
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blood-vessels,  allantoic  arteries  and  veins,  which  pass  between  the  embryo  and  the 
placenta.  It  is  in  relation  at  first  with  the  amnion,  it  appears  to  be  entirely 
behind  the  embryo,  and  it  is  called  the  "body-stalk."  At  a  later  period, 
when  the  stalk  of  mesoderm — the  allantoic  stalk — which  connects  it  with  the 
inner  surface  of  the  chorion  is  elongated,  this  part  of  the  embryonic  area  is 
reversed  in  position,  its  anterior  end  is  carried  forwards  till  it  forms  the  posterior 
boundary  of  the  umbilical  orifice,  and  the  area  in  question  forms  the  ventral  wall 
of  the  body  from  the  umbilical  to  the  genital  region. 

Allantois. — The  allantois  plays  an  important  part  in  the  formation  of  the 
placenta.  It  consists  of  two  portions,  an  entodermic  diverticulum  i'rom  the  ventral 
wall  of  the  cloacal  part  of  the  hind-gut,  and  a  mesodermal  covering.  The  ento- 
dermic diverticulum  appears  in  the  human  subject,  before  the  hind-gut  is  defined, 
as  a  hollow  blind  protrusion  from  the  blastodermic  cavity  ;  it  extends  behind  the 
primitive  streak  into  the  mesoderm  of  the  body-stalk,  but  as  the  folding  off  of  the 
embryo  proceeds,  and  the  body-stalk  is  carried  forward  into  the  ventral  wall  of  the 
embryo,  the  position  of  the  diverticulum  is  altered,  and  ultimately,  when  the 
folding  ofif  is  completed,  it  springs  from  the  ventral  part  of  the  cloaca,  runs  forward 
to  the  umbilical  orifice,  and  passing  through  it,  projects  for  a  short  distance  still 
invested  with  the  mesodermal  covering  primarily  obtained  from  the  body-stalk. 
The  ventral  part  of  the  cloaca  is  afterwards  converted  into  the  bladder,  while  the 
rectum  is  formed  from  the  dorsal  part. 

The  mesodermal  sheath  which  surrounds  the  entodermic  diverticulum  extends 
beyond  it  to  the  inner  surface  of  the  chorion  ;  the  part  which  extends  beyond  the 
diverticulum  is  at  first  extremely  short,  indeed  it  is  only  recognisable  as  a  layer  of 
mesoderm  uniting  the  body-stalk  and  chorion,  but  as  development  proceeds  and 
the  body-stalk  is  folded  forward  to  form  the  ventral  wall  of  the  body  of  the  embryo, 
posterior  to  the  umbilicus,  this  portion  of  the  mesoderm  is  elongated,  and  it  forms 
the  allantoic  stalk  by  which  the  embryo  retains  its  connexion  with  the  chorion, 
and  along  which  pass  the  allantoic  or  umbilical  arteries  to,  and  the  corresponding 
veins  from,  the  chorionic  villi. 

After  the  separation  of  the  cloaca  into  bladder  and  rectum,  that  portion  of  the 
allantois  which  lies  in  the  body  of  the  embryo,  between  the  apex  of  the  bladder 
and  the  umbilical  orifice,  is  gradually  couverted  into  a  fibrous  cord,  the  urachus. 
The  entodermal  diverticulum  disappears,  and  after  birth,  when  the  placental  circu- 
lation ceases,  the  umbilical  arteries  are  transformed  into  fine  fibrous  strands.  The 
remainder  of  the  allantois  which  lies  outside  the  body  of  the  embryo,  and  which 
takes  part  in  the  formation  of  the  umbilical  cord  and  placenta,  is  separated  from 
the  embryo  at  birth. 

Umbilical  Cord. — The  umbilical  cord  is  essentially  a  mesodermal  structure 
which  connects  the  embryo  with  the  placenta,  serving  as  a  passage  for  the  allantoic 
vessels  to  and  from  the  foetal  portion  of  the  latter  organ.  It  replaces,  functionally, 
the  body-stalk  and  the  allantoic  stalk,  which  were  earlier  provisions  for  the  same 
purpose,  and  it  is  formed  by  the  fusion  of  the  allantoic  stalk  with  part  of  the 
vitello-intestinal  duct  and  the  remains  of  the  yolk-sac. 

The  vitello-intestinal  duct  is  at  first  a  relatively  wide  channel  which  connects 
the  primitive  gut  with  the  yolk-sac ;  it  passes  through  the  umbilical  orifice.  In 
later  stages,  as  the  body-stalk  is  swung  round  into  the  ventral  wall  of  the  body, 
the  allantoic  stalk,  which  projects  from  the  end  of  the  body-stalk,  is  brought  into 
close  relation  with  the  distal  end  of  the  vitello-intestinal  duct  and  the  remains  of 
the  yolk-sac;  the  mesodermal  constituents  of  the  three  structures  then  fuse 
together,  and  the  whole  is  surrounded  by  the  expanding  amnion.  In  this  way  the 
umbilical  cord  is  formed.  It  includes,  therefore,  the  allantoic  stalk  and  its  blood- 
vessels, together  with  the  remains  of  the  yolk-sac  and  its  stalk,  the  vitello-intestinal 
duct,  all  of  which  are  invested  and  bound  together  by  the  amnion. 

The  mesodermal  core  of  the  cord  forms  a  fibro-mucoid  tissue  known  as 
"  Wharton's  jelly,"  which  consists  of  stellate  and  irregular  cells  embedded  in  a 
gelatinous  matrix.  The  blood-vessels  of  the  cord  are  situated  in  the  core,  and 
include  two  allantoic  or  umbilical  arteries  which  run  spirally  round  a  single 
umbiUcal  vein.     The  terminal  portion  of  the  allantoic  diverticulum  projects  into 
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the  embryonic  end  of  the  cord,  and  at  first  a  loop  of  intestine  protrudes  into  it  for 
a  short  distance ;  the  gut,  however,  soon  recedes  into  the  abdominal  cavity. 

The  umbilical  cord,  which  extends  from  the  umbilical  orifice  to  the  centre  of  the 
placenta,  is  at  first  short  and  straight.  As  the  amnion  expands  the  length  of  the 
umbilical  cord  increases  until,  at  the  time  of  birth  it  measures,  on  an  average, 
about  20  inches.  This  increase  in  the  length  of  the  cord  allows  the  foetus  to  float 
freely  in  the  amniotic  fluid,  and  prevents  traction  on  the  placenta. 

After  the  middle  of  the  second  month  the  umbilical  cord  is  twisted  spirallj, 
usually  from  right  to  left.  It  is  suggested  that  this  is  due  either  to  the  great 
elongation  of  the  allantoic  arteries  or  to  muscular  movements  of  the  foetus,  and  it 
involves  a  rotation  of  the  foetus  in  the  amniotic  fluid. 

Chorion. — The  chorionic  area,  by  far  the  largest  of  the  areas  into  which 
the  blastoderm  is  divisible,  lies  external  to  the  amniotic  area.  In  most  mammals 
it  consists  at  first  of  ectoderm  and  entoderm,  but  after  the  extension  and  cleavage 
of  the  mesoderm  has  taken  place,  it  is  formed  by  ectoderm  and  somatic  mesoderiiL 
In  man,  however,  it  consists  in  the  earliest  stages  of  ectoderm  alone,  but  on  the 
formation  and  extension  of  the  mesoderm  it  also  acquires  an  inner  layer  of  somatic 
mesoderm.     In  all  cases,  therefore,  it  eventually  consists  of  the  same  two  layers. 

The  ectoderm  of  the  chorionic  area  which  immediately  surrounds  the  amniotic 
area  thickens  to  form  the  annular  placental  area,  and  in  this  way  the  chorionic  area 
becomes  divisible  into  placental  and  non-placental  regions. 

When  the  blastodermic  vesicle  enters  the  uterus  numerous  ectodermal  \  illous 
processes  grow  from  the  surface  of  the  chorionic  area,  both  in  its  placental  and  non- 
placental  parts,  and  attach  themselves  to  the  uterine  mucous  membrane.  As 
already  pointed  out  in  the  description  of  the  formation  of  the  amnion,  the  embryonic 
and  amniotic  areas  do  not  become  attached  to  the  uterus,  but  remain  free  from  it, 
whilst  by  the  approximation  and  fusion  of  its  inner  margins,  the  rapidly  giowing 
ring-like  placental  area  is  converted  into  a  disc  which  intervenes  between  the 
amnion  and  the  uterine  wall. 

The  chorionic  area  after  the  separation  of  the  amnion  is  known  as  the  choriou 
or  chorionic  membrane. 

The  chorion  forms  the  outer  wall  of  a  vesicle,  the  chorionic  vesicle,  which  is  the 
modified  remains  of  the  blastodermic  vesicle,  and  which  contains  the  embryo,  the 
yolk-sac,  the  amnion,  and  the  allantois.  It  consists  of  an  outer  layer  of  ectoderm 
and  an  inner  layer  of  somatic  mesoderm. 

The  cavity  of  the  chorion  is  the  extra-embryonic  portion  of  the  ccelom.  Fur  a 
time  it  remains  distinct,  and  is  traversed  by  the  allantoic  stalk  which  unites  the 
embryo  to  the  inner  or  mesodermal  layer  of  the  placental  area.  The  cavity  is 
ultimately  obliterated  by  the  growth  of  the  amnion,  the  latter  sac  expandmg 
rapidly  till  its  outer  surface  is  in  contact  and  intimately  blended  with  the  inner 
surface  of  the  chorion. 

Ghoriomc  Villi.  —  The  villous  processes  which  begin  to  grow  from  the 
surface  of  the  chorionic  area  before  it  is  separated  from  the  amnion  continue  to 
develop  after  the  separation  of  the  two  membranes  is  completed.  They  penetrate 
the  surrounding  uterine  tissues.  At  first  each  consists  of  ectoderm  only,  but  a 
core  of  vascular  mesoderm  is  soon  acquired.  The  villi  increase  in  size  and  in  com- 
plexity also,  but  ultimately  only  those  in  the  placental  area  persist  and  continue 
to  grow ;  the  remainder  atrophy  and  disappear. 

Thus  the  placental  region  of  the  chorion  eventually  constitutes  the  main  bond  of 
union  between  the  ovum  and  the  mother,  and  it  forms  the  foetal  part  of  the  placenta. 

THE  PLACENTA. 

The  placenta  is  the  organ  of  foetal  nutrition  and  respiration. 

In  it  the  blood-vessels  of  the  foetus  and  those  of  the  uterus  are  brought  into 
such  close  relationship  with  one  another  that  free  interchanges  readily  take  place 
between  the  blood  of  the  mother  and  that  of  the  foetus.  In  the  simplest  form  of 
placenta  the  foetal  villi  are  merely  embedded  in  the  maternal  mucous  membrane, 
and  the  relationship  between  foetal  and  maternal  blood  is  not  very  close.     In  other 
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forma,  e.g.  the  human  placenta,  the  relation  of  foet-al  to  maternal  blood  is  much 
more  intimate ;  this  involves  marked  complications  in  the  elements  of  the  placenta, 
and  its  structure  becomes  correspondingly  more  complex.  In  all  forms,  however, 
the  placenta  consists  of  fcetal  and  maternal  portions. 

Before  the  impregnated  ovum  reaches  the  uterine  cavity  the  mucous  membrane  of 
the  uterus  undergoes  certain  changes  In  preparation  for  its  reception  and  reten- 


D*cldiu  butta 
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Fig.  39.— Diaobaji  rcpnacDlinj;  ■  very  young  human  ovum  almoBt  immediatel]'  sfter  iU  VDtr&Dce  into  tbe 
decidui,  and  whilst  the  place  of  Ita  entrance  ii  «till  covered  nilh  a  plug  of  fibrin.  The  ectoderm  has 
already  pit>lirente<l  and  etnbraceil  «|>aceB  which  contain  nialernal  blood  and  are  continuona  with  the 
m.iternU  blood-vaueb. 

tion,  and  the  modified  mucous  membrane  is  known  as  the  uterine  decidua.  These 
changes  are,  for  the  most  part,  hypertrophic  ;  the  vascularity  of  the  mucous  mem- 
lirane  is  increased  mainly  by  the  dilatation  of  its  veins  and  capillaries,  the  tubular 
uterine  glands  become 
elongated,  irregular,  and 
tortuous,  and  they  dilate 
>x)th  at  their  orifices  and 
in  the  deeper  part  of  the 
mucous  membrane;  at  the 
atme  time  the  inter- 
glandular  connective  tis- 
sue proliferates,  and  as  a 
result  the  decidua  is 
thicker,  softer,  and  more 
Bpongythan  the  unaltered 
mucous  membrane. 

After  the  developing 
ovum  enters  the  uterus 
it  cornea  into  contact 
with  the  decidua,  into 
which  it  forces  its  way 
destroying  the  surface 
epitlielium,  and  destroy- 
intr,  or  pushing  aside,  the 
superficial  portions  of  the 
glands.  In  this  way  it 
becomeH  embedded  in  the  vascular  inter^landular  tissue.  The  orifice  which  it 
makes  in  the  superficial  surface  of  the  decidua  is  plugged,  for  a  time,  by  a  mass  of 
fibrin,  but  all  traces  of  the  aperture  which  the  fibrin  closes  eventually  disappear 
and  the  ovum  is  entirely  encapsuled  in  the  decidua,  which  again  presents  an 
unbmken  surface  towards  the  uterine  cavity. 


I*  yet  then 


^! 
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time,  diBappearing  from  before  backwards  about  the  period  when  cartilage  begins  to  be 
formed  iu  the  bodj'  aud  limbs,  and  before  the  cloaca  is  divided  into  its  rectal  and  genito- 
urinary portions.     In  the  few  cases  in  which  it  persistg 
it  retains  its  continuity    with   the  rectum,   which   ie 
formed  from  the  doreal  part  of  the  cloaca. 

1     »    /'  '^''^  tail-gut  appears  in  the  human  subject  when 

^^^^^  J     \//  the  embryo  is  3  mm.  long,  and  the  rudimentary  tail  is 

^^^  '^  ^  just  visible   as  a  smail  nodule.      When  the  embryo 

^k       //J  attains  the  length  of   4-8    mm.    the  anterior  part  of 

A    -^  f  the  tail-gut  begins  to  degenerate,  its  cavity  disappears, 

/      /  and  it  is  converted  into  a  solid  cord  of  cells  which  is 

,  ^LV  still  attached  in  front  to  the  hind^ut.     In  embryos 

-^^^^^B^  11  5  mm.  long,  when  the  tail  has  been  enclosed  in  the 

^^^CM  posterior  part  of  the  body,  the  connexion  of  the  tail- 

gut  with  the  hind-gut  is  lost,  and  the  tail-gut  is 
represented  by  a  small  vesicle  with  a  short  cord  of 
degenerating  cells  attached  to  it^  anterior  part. 

In  larger  embryos  the  tail-gut  entirely  disappears. 
When,  as  in  the  human  subject,  the  rudimentary  tail  is 
eventually  embedded  in  the  posterior  end  of  the  body, 
any  rudiments  of  the  tail-gut  which  persist  will  be 
found  in  this  situation  ;  it  is  stated  that  such  rudi- 
ments occasionally  develop  into  tumour  formations. 
In  mammals  with  free  tails,  rudiments  of  the  tail-gut 
may  be  met  with  in  auy  part  of  the  tail,  and  apparently 
"^^^  ^"i  the  anterior  portion  occasionally  persists  and  maintains 

its  connexion  with  the  rectum,  from  which  it  extends 
backwards  as  a  narrow  and  blind  diverticulum. 

THE  LIMBS. 

Though  the  body  of  the  embryo  begins  to  assume 
definite  form  as  soon  as  it  is  folded  and  nipped  off 

from  the  rest  of  the  ovum,  it  does  not  present  any 
diBtinguiahable  human   characteristicB    until    the 
anterior  and  posterior  limbs  are  formed.     There  are 
no   traces  of  these  before  the  third  week  of  in- 
trauterine life  when  two  longitudinal  ridges,  the 
Fio  S7  — DiAnsAua  showing  the  «;|Hr«-  WoUBan  TidgsB,  are  developed,  one  on  each  lateral 
tion  of  the  clcmcal  part  of  Die  hind-  surface  of   the   body,  juBt   external   to  the  oul«r 
gut    into   geiiiio-uriuarj'    tract    Biid  margins  of  the  mesoderraic  somites,  and  opposite 
Kc  um  j^    jj      ^j    jj^  intermediate  cell  mass.     The  rudi- 

u     Bladder  L>.   Urethra,        meuts  ol  the  tore-  and  hind-limbs  are  discernible, 

CM  cioUSi  inenibmn-.     Vs.'  v^i'cHi™ni'i-  almost  from  the  first,  as  slight  prominences  of  the 

H      Kt^tnm  WD    WolKlsn  duct   ^*'"''*'^  "*^^^' ^^"^  ^°  '■^^  *'''^'*'*  ^^'^ ''^^y  P''**j^'' 

as  bud-like  outgrowths  in  the  thoracic  and  pelvic 
regions  respectively.  The  development  of  the  fore-limb  or  arm  is  throughout 
slightly  in  advance  of  that  of  the  hind-limb  or  leg.  At  the  fourth  week  each 
limb-bud  is  a  flattened  semilunar  projection,  as  long  as  it  is  broad,  with  a  dorsal 
and  a  ventral  surface  and  an  anterior  or  preaxial,  and  a  posterior  or  postaxial 
border.  As  growth  proceeds  the  elongating  limb-buds  are  bent  ventrally,  and  in 
the  fifth  week  two  transverse  furrows,  on  the  ventral  aspect  of  each,  indicate  the 
positions  of  the  joints  and  the  division  of  each  limb  into  three  segments — distal, 
middle,  and  proximal — representing  the  hand,  fore-arm,  and  arm  in  the  upper  limb, 
and  the  foot,  leg,  and  thigh  in  the  lower  limb.  The  terminal  or  distal  segments 
are  broad,  flat  plates  with  rounded  margins,  but  each  is  soon  divided  into  a  some- 
what enlarged  basal  part,  and  a  thinner  and  more  flattened  marginal  part.  It  is 
where  these  two  parts  are  continuous  that  the  rudiments  of  the  digits  appear. 
They  become  distinguishable  about  the  end  of  the  fifth  week  as  small  lobes  which 
gradually  extend  outwards.  In  the  fore-limb  the  fingers  project  beyond  the  margin 
'  the  hand-segments  in  the  sixth  week,  but  the  toes  do  not  reach  the  margins  of 
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the  foot  till  the  early  part  of  the  seventh  week.  The  nails  appear  at  the  third 
month,  and  reach  the  ends  of  the  digits  at  the  sixth  month. 

In  the  primary  position  of  the  limbs  the  elbow  and  the  knee  appear  alike  to  be 
directed  outwards,  but  this  is  soon  altered.  At  the  end  of  the  sixth  week  each 
limb  undergoes  a  partial  rotation,  the  direction  of  which  is  different  in  the  fore-  and 
hind-limbs  respectively.  In  the  former  the  elbow  is  turned  backwards,  the  ventral 
surface  therefore  becomes  anterior,  and  the  preaxial  (thumb)  margin  is  directed 
outwards ;  in  the  hind-limb  the  knee  is  turned  forwards,  and  the  ventral  surface  of 
the  limb  becomes  posterior,  whilst  the  preaxial  (great  toe)  margin  is  directed 
inwards ;  thus  in  the  adult  the  anterior  surface  and  outer  border  of  the  upper 
extremity  correspond  with  the  posterior  surface  and  inner  border  of  the  lower 
extremity,  whilst  obviously  the  posterior  surface  and  inner  border  of  the  former 
are  homologous  with  the  anterior  surface  and  outer  border  of  the  latter. 

Each  limb-bud  may  be  regarded  as  an  extension  from  a  definite  number  of  the 
segments  of  the  body ;  it  contains  a  core  of  mesoderm,  and  the  anterior  or  ventral 
primary  divisions  of  the  corresponding  spinal  nerve  segments  are  apparently 
prolonged  into  it. 

The  central  part  of  the  mesoderm,  except  in  the  regions  of  the  joints  where 
cavities  appear,  is  condensed  and  then  converted  first  into  cartilage,  and  afterwards 
into  bone.  The  proximal  part  of  the  bony  skeleton  of  each  limb,  the  limb  girdle, 
is  not,  however,  developed  in  the  limb-bud,  but  in  the  body-wall  at  its  base.  The 
more  superficially  situated  mesoderm  is  transformed  into  muscles  and  subcutaneous 
tissues,  the  extensor  muscles  appearing  on  the  dorsal  and  the  flexor  muscles  on  the 
ventral  aspect. 

As  the  nerve  trunks  pass  into  the  free  portion  of  the  limb  they  bifurcate,  the 
branches  passing  respectively  to  the  dorsal  or  extensor  aspect  of  the  limb,  and  to 
the  ventral  or  flexor  aspect. 

Apparently  in  mammals  the  whole  of  the  mesodermal  core  of  each  limb-bud  is 
formed  from  the  somatic  mesoderm  of  the  lateral  plates.  If  tliis  is  the  case  the 
muscles  of  the  limbs  differ  in  origin  from  those  of  the  back,  for  the  latter  are 
developed  from  the  muscle  plates  of  the  protovertebral  somites.  In  lower  verte- 
brates (cartilaginous  fishes)  buds  are  given  off  to  the  limbs  from  the  muscle  plates 
and  cutaneous  lamellae  in  the  thoracic  and  pelvic  regions,  and  as  the  muscle  plates 
^lass  downwards  in  the  somatopleure  towards  the  ventral  aspect  of  the  body,  these 
buds  grow  outwards  into  the  limb-rudiments  and  develop  into  the  muscles  of  the 
limb&  Presumably  this  is  the  more  primitive  arrangement,  and  that  met  with  in 
man  and  other  mammals  is  secondary,  and  it  is  stated  that  although  no  distinct 
buds  from  the  muscle  plates  pass  into  the  limbs  of  mammals,  nevertheless  the 
limb-muscles  are  formed  by  cells,  proliferated  from  the  muscle  plates,  which  have 
migrated  into  the  somatopleural  mesoderm  of  the  limbs. 


THE  NUTRITION  AND   PROTECTION   OF  THE  EMBRYO 
DURING   ITS   INTRAUTERINE   EXISTENCE. 

The  impregnated  ovum  during  its  passage  down  the  Fallopian  tube,  and  for  a 
brief  period  also  after  it  enters  the  uterus,  lives  either  on  the  yolk  granules  (deuto- 
plasm)  embedded  in  its  own  cytoplasm,  or  upon  material  absorbed  from  the  fluids 
by  whach  it  is  surrounded.  The  human  ovum  is  very  small,  and  consequently  it  is 
almost  from  the  first  dependent  for  its  nutrition  upon  sources  of  supply  outside 
itself  The  urgent  necessity  for  adequate  arrangements  whereby  this  may  be 
efi*ected  leads  to  that  early  establishment  of  an  intimate  vascular  connexion 
between  the  embryo  and  the  mother  which  is  so  characteristic  a  feature  in  the 
development  of  the  human  ovum.  At  the  end  of  the  second  week,  after  fertilisa- 
tion of  the  ovum,  the  embryo  is  separated  by  a  slight  constriction  from  the  rest  of 
the  blastodermic  vesicle,  and  already  a  primitive  heart  and  rudimentary  blood- 
vessels are  distinguishable. 

The  development  of  the  vascular  system,  and  the  establishment  of  the  foetal 
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circulation,  however,  cannot  well  be  understood  until  the  formation  and  structural 
features  of  the  group  of  closely  associated  extra-embryonic  organs  or  appendages 
have  been  considered. 

This  group  includes  the  yolk-sac,  the  chorion,  the  amnion,  the  allantois,  and 
the  placenta. 

THE   FCETAL  MEMBRANES   AND  APPENDAGES. 

Yolk-Sac  or  Umbilical  Vesicle. — That  portion  of  the  blastodermic  cavity 
and  its  wall  which  is  not  included  in  the  body  of  the  embryo  to  form  the  primitive 
alimentary  canal  constitutes  the  umbilical  vesicle  or  yolk-sac.  Its  walls,  like  its 
cavity,  are  continuous  with  the  corresponding  parts  of  the  intestine,  and  their 
structural  features  are  identical,  there  being  an  inner  layer  of  entoderuial  cells  and 
an  outer  layer  which  is  formed  by  the  splanchnic  layer  of  the  mesoderm. 

In  the  human  embryo  the  yolk-sac  is  a  small  flask-like  body,  suspended  from 
the  ventral  wall  of  the  alimentary  caual  by  a  hollow  stalk,  the  vitello-intestinal 
duct,  which  paases  through  the  umbilical  orifice.  It  lies  in  the  extra-embryonic 
continuation  of  the  body-cavity  (coelom),  and  is  filled  with  fluid.  Possibly  the 
contents  of  the  yolk-sac  are  utilised  in  the  nutrition  of  the  embryo  in  its  earliest 
stages,  and  the  first  rudiments  of  the  blood  vascular  system,  viz.  blood  corpuscles 
and  vessels,  appear  in  its  walls.  In  the  human  embryo,  however,  it  is  of  little 
nutritional  importance ;  it  soon  atrophies  and  almost  entirely  disappears,  but  leaves 
traces  of  its  existence  in  the  umbilical  cord. 

Amnion. — The  amnion  is  a  protective  sac  which  surrounds  the  embryo.  It 
is  formed,  after  the  development  of  the  coelom,  from  the  amniotic  area  of  the 
Mastoderm,  and  its  wall  is  continuous,  at  the  margins  of  the  umbilical  orifice,  with 
the  body-wall  of  the  embryo.  Both  walls  consist  of  a  layer  of  ectoderm  and  a 
layer  of  somatic  mesoderm,  but  whilst  in  the  body-wall  the  ectoderm  is  external 
and  the  mesoderm  internal,  the  relative  positions  of  the  layers  are  reversed  in  the 
amnion,  the  mesoderm  being  external  and  the  ectoderm  internal. 

The  cavity  enclosed  between  the  amnion  and  the  embryo,  the  amniotic  cavity, 
is  filled  with  fluid,  the  amniotic  fluid,  in  which  the  embryo  floats.  The  amniotic 
cavity  is  quite  shut  off  for  some  time  from  all  the  neighbouring  spaces,  but  after 
the  disappearance  of  the  bucco-pharyngeal  and  cloacal  membranes  it  communicates, 
both  anteriorly  and  posteriorly,  with  the  alimentary  canal  of  the  embryo. 

The  development  of  the  amnion  in  mammals  is  closely  associated  with  the 
attachment  of  the  ovum  to  the  uterine  wall  and  with  the  subsequent  formation  of 
the  placenta.  Thus  in  the  carnivora,  before  the  coelom  is  formed,  the  ectoderm  in 
the  chorionic  area  becomes  attached  to  the  uterine  tissues  by  small  villous  out- 
growths which  invade  the  uterine  mucous  membrane.  This  attachment  is  most 
complete  in  the  placental  region,  that  is,  around  the  margins  of  the  amniotic  area. 
As  the  embryo  is  folded  off  from  the  blastoderm  and  the  coelom  develops,  lx)th  the 
embryo  and  the  amniotic  area  remain  quite  free  from  the  uterine  tissues,  indeed,  it 
may  be  said  that,  at  this  period,  the  embryo  is  suspended  from  the  margins  of  the 
pljujental  area  by  the  amniotic  membrane. 

As  development  proceeds  the  amniotic  area  increases  in  extent  by  interstitial 
growth,  and  thereupon  the  embryo,  the  membrane  which  suspends  it  being  relaxed, 
sinks  more  and  more  into  the  interior  of  the  ovum,  or,  to  be  more  precise,  into  the 
coelomic  space,  which,  in  the  meantime,  has  considerably  increased.  At  the  same 
time  the  growth  of  the  placental  area  causes  all  parts  of  its  inner  margin  to  converge, 
and  as  the  inner  margins  of  the  placental  area  are  continuous  with  the  outer 
margins  of  the  amniotic  membrane,  the  amnion  is  gradually  carried  over  the  dorsal 
surface  of  the  embryo  till  its  margins  meet  and  fuse.  After  the  fusion  of  its 
margins  the  amnion  separates  entirely  from  the  chorionic  area,  henceforth 
known  as  the  chorion,  and  forms  a  closed  sac  which  completely  surrounds 
the  embryo. 

On  reference  to  Figs.  21  and  27  it  will  be  seen  that  as  the  wall  of  the  blasto- 
dermic vesicle  is  carried  inwards  over  the  dorsal  surface  of  the  embryo  it  is  folded ; 
the  outer  part  of  the  fold  consists  of  the  chorionic  portion,  and  the  inner  part  of  the 
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amniotic  portion  of  the  blastoderm.  The  fold  is  called  the  amnion  fold  ;  it  is  quite 
continuous  round  the  whole  margin  of  the  embryo,  but  some  parts  of  it  are  more 
advanced  than  others,  or  in  other  words  the  convergence  of  the  inner  margin 
of  ttie  placental  area  of  the  blastoderm  over  the  dorsal  surface  of  the  embryo  does 
not  Lake  place  at  the  same  rate  or  to  the  same  extent  in  all  parts.  For  convenience 
of  description  it  is  usual  to  divide  the  amnion  fold  into  four  parts — the  cephalic,  the 
caudal,  and  the  two  lateral  amnion  folds ;  these,  however,  are  all  continuous  with 
one  another. 

The  inner  part  of  the 
fold,  which  is  formed  from 
the     amniotic     area,    is 
termed  the  true  amnion,  ^^ 
and  the  outer  part,  formed    as 
from  the   chorionic  area, 
the    foUe    amnion.      The    sc 
latter  term   ia,   however, 

sjQonyraouB  with  chorion,  jch 

.ind  as  it  is  misleading,  it 
should  be  avoided. 

As     the     amnion     is     m 
formed  from  the  amniotic  ^^ 
area   of    the    blastoderm 
after  the  extension  of  the    g^ 
c<i.'lom,  it  must  consist,  as 
previously  mentioned,  of 

ectoderm     and     somatic    *^  }** 

mesoderm, 'and  as  the  sur- 
face of  the  amniotic  area 
is   reversed    during    the 
formation  of  the  amnion     m 
folds,  it  is  obvious  that  in   vl 
the  fully -formed  amnion 
the  ectodermal    layer   is 
internal  and  the  somatic    ^^ 
mesixlerm  external.  ^q 

In    the    case  of   the  ijch 

human    ovum   the   phe-  i 

nomena  of  amnion  forma- 
tion are  probably  practi-        Fm.  SS.— Tbakstehse  SEctioss  of  the  uterus  and  Dbvblopino 
cally  similar,  except  that  ''*"t"'  »''  *  ^■"■"■ 

the  ovum  develops  not  in  S'""''i'g  the  fonnation  ami  closure  or  the  smnion  folds,  the  eomplotion  of 
..  _■.         r   ii  4.  the  »mniou,  «nd  tlie  coincident  ingioirtli  of  the  inner  mirBlDS  of  the 

the  cavity  of  the  uterus,  p,^^i.,  ^  „[  ^^,^  blastoderm. 

but  in    the   substance   of  ^       ^„,^„„_  EN.  EnWen...  SC\      stratum  compactuni. 

themucOUSmembranemtO  AF.  Amnion  fold      H.     Muscular  wall  SS.        Stratum  spoaglosuDi. 

which  it   has   penetrated.  C.      Coelom.  or  uterus.  SoM.    SomaUcmesodenn. 

It  iatlioKirnrn  BiiTT/iiinrlnH  *-*■    '•■'""i'"'.  NQ.   Neural  groove,  Sli.M,   Splanchnic  mesoderm. 

U 18  tnereiOre  BUrrOUnaea  j.^,     Entoderm.  PV.   Placental  viUiu.  UL.        Unchanged     layer    of 

by  the  mucous  membrane  uterine  mucou. 

on    all    sides,    and    the 

chorionic  part  of  the  surface  of  the  ovum  is  closely  attached  to  the  surrounding 
tissue,  but  the  amniotic  and  embryonic  areas  are  free.  If  this  is  the  case  the  process 
of  amnion  folding  can  take  place  in  the  human  ovum  exactly  as  in  the  ovum  of  a 
carnivorous  animal,  the  inner  margin  of  the  chorionic  area  growing  inwards  over 
the  amniotic  and  embryonic  areas,  the  only  difference  being  that  the  process  takes 
pUce  in  a  cavity  in  the  mucous  membrane  and  not  on  its  surface.  This  conclusion 
IB  supported  by  Spee's  observations  on  human  ova  and  by  those  of  Selenka  on  the 
ova  of  monkeys  and  apes,  but  it  is,  however,  possible  that,  as  in  some  rodents  and 
in^ectivora,  the  amnion  cavity  appears  in  a  mass  of  ectoderm  which  lies  at  the 
embryonic  pole  of  the  ovmu,  the  mass  being  cleft  by  the  appearance  of  the  cavity 
into  embryonic  and  amniotic  sections.     The  two  parts  are  then  continuous  at  the 
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margin  of  the  embryonic  area,  and  the  mesoderm   growing  round  the  amniotic 
ectoderm  separates  it  from  the  chorionic  ectoderm. 

After  the  amnion  is  completed  its  cavity  is  distended  with  fluid.  As  it  expands 
it  gradually  obliterates  the  extra-embryonic  part  of  the  coelomic  cavity,  and  finally 
its  outer  surface,  of  somatic  mesoderm,  comes  into  contact  and  fuses  with  the  somatic 
mesoderm  on  the  inner  surface  of  the  chorion.  At  this  period  the  cavities  in  the 
ovum  are  the  amniotic  cavity,  the  remains  of  the  yolk-sac,  and  those  portions  of  the 
original  blastodermic  and  coelomic  spaces  which  have  been  included  in  the  embryo. 

In  the  human  ovum,  when  the  amnion  folds  unite  and  the  true  amnion  separates 
from  the  chorion,  the  embryo  and  its  enclosing  amnion  would  be  free  within  the 
cavity  of  the  chorion,  or  extra-embryonic  coelom,  were  it  not  that  a  very  short  cord 
of  somatic  mesoderm  and  ectoderm,  the  body-stalk,  connects  the  posterior  end  of  the 
embryo  with  the  somatic  mesoderm  on  the  inner  surface  of  the  chorion. 

Body-Stalk. — To  thoroughly  understand  how  this  union  is  effected  in  the 
human  ovum,  and  to  comprehend  the  nature  of  the  body-stalk,  it  is  necessary  to 
refer  to  some  striking  peculiarities  which  are  to  be  observed  in  the  earlier  stages 
in  the  development  of  the  human  embryo.  When  segmentation  is  completed,  and 
the  morula  is  converted  into  a  blastula  by  the  appearance  of  a  cavity  in  its  interior, 
the  human  ovum  consists  of  an  outer  layer,  the  ectoderm,  and  an  inner  cell-mass 
(Figs.  12  and  39).  The  latter,  however,  which  is  attached  to  a  small  area  of  the 
ectoderm,  does  not,  as  in  many  mammals,  extend  itself  by  migration  round  the  inner 
surface  of  that  layer,  and  so  transform  the  unilaminar  into  a  bilaminar  blastoderm 
and  convert  the  cavity  of  the  blastula  into  the  blastodermic  cavity.  The  sequence 
of  events  is  different :  a  cavity  or  space  appears  in  the  inner  cell-mass  itself  (Figs. 
41,  42,  and  44),  and  this  expanding  rapidly,  is  ultimately  converted  into  the  yolk- 
sac  and  the  alimentary  canal  of  the  embryo ;  it  corresponds,  therefore,  with  the 
blastodermic  cavity  of  other  mammals. 

Thus  the  entoderm,  though  derived  from  the  inner  cell-mass,  never  lines  the 
inner  surface  of  the  ectoderm  except  in  the  embryonic  area,  for  soon  after  the 
appearance  of  the  cavity  of  the  inner  cell-mass  the  mesoderm  grows  rapidly  from 
the  primitive  streak  and  extends,  not  in  a  single  layer,  as  in  the  majority  of 
mammals,  but  as  two  layers,  one  over  the  outer  surface  of  the  entoderm,  the 
splanchnic  layer,  and  the  other,  the  somatic  layer,  over  the  inner  surface  of  the 
ectoderm.  The  cavity  of  the  blastula  is  thus  ultimately  enclosed  between  the 
somatic  and  splanchnic  layers  of  the  mesoderm,  and  so  becomes  converted  into  the 
coelomic  space  (Fig.  42). 

As  the  mesoderm  extends,  the  several  areas  of  the  blastoderm  are  differentiated 
as  in  other  mammals,  but  the  embryonic  and  amniotic  areas  remain  of  relatively 
small  size.  The  separation  of  the  amnion  from  the  chorion  is  effected  at  a  very 
early  period,  before  the  folding  off  of  the  embryo  has  commenced,  but  the  somatic 
mesoderm  growing  from  the  posterior  end  of  the  embryonic  area  still  retains  its 
connexion  with  the  similar  layer  on  the  inner  surface  of  the  chorion,  and  it  forms 
a  short,  and  for  a  time  a  broad  stalk  which  unites  the  embryo,  and  consequently 
the  amnion  and  the  blastodermic  cavity,  with  which  the  embryo  is  connected,  to  the 
chorion  (Fig.  42).  In  addition  to  forming  a  bond  of  union  between  the  embryo 
and  the  chorion  the  mesodermal  stalk  conducts  blood-vessels  from  the  embryo  to 
the  chorion,  and  more  especially  to  its  placental  part. 

At  an  early  period  a  pouch-like  diverticulum  projects  from  the  posterior  part 
of  the  entodermal  sac.  This  is  the  allantoic  diverticulum;  it  lies  beneath  the 
posterior  part  of  the  embryonic  area,  and  the  area  is  curved  upon  itself  so  that  its 
convexity  looks  towards  the  entodermal  sac,  and  its  concavity  towards  the  amnion. 

After  the  embryonic  area  has  increased  in  extent,  and  when  the  folding  off  of 
the  embryo  has  commenced,  the  anterior  end  of  the  area  and  the  posterior  end  of 
the  primitive  streak  remain  relatively  stationary  as  in  other  mammals,  the  cephahc 
and  caudal  folds  appear,  and  the  curvature  of  the  greater  part  of  the  area  is 
reversed,  but  the  most  posterior  part  retains  its  original  position,  lying  for  a  time 
parallel  with  the  caudal  fold ;  afterwards,  however,  it  assumes  a  more  horizontal 
position.  This  posterior  section  of  the  embryonic  area  contains  the  diverticular 
process  of  the  entodermal  sac  ^hich  is  called  the  allantois;  it  also  contains  the 
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blood- vesaels,  allantoic  arteries  and  veins,  which  pass  between  the  embryo  and  the 
placenta.  It  is  in  relation  at  first  with  the  amnion,  it  appears  to  be  entirely 
behind  the  embryo,  and  it  is  called  the  "body-stalk."  At  a  later  period, 
when  the  stalk  of  mesoderm — the  allantoic  stalk — which  connects  it  with  the 
inner  surface  of  the  chorion  is  elongated,  this  part  of  the  embryonic  area  is 
reversed  in  position,  its  anterior  end  is  carried  forwards  till  it  forms  the  posterior 
boundary  of  the  umbilical  orifice,  and  the  area  in  question  forms  the  ventral  wall 
of  the  body  from  the  umbilical  to  the  genital  region. 

Allantois. — The  allantois  plays  an  important  part  in  the  formation  of  the 
placenta.  It  consists  of  two  portions,  an  entodermic  diverticulum  i'rom  the  ventral 
wall  of  the  cloacal  part  of  the  hind-gut,  and  a  mesodermal  covering.  The  ento- 
dermic diverticulum  appears  in  the  human  subject,  before  the  hind-gut  is  defined, 
as  a  hollow  bUnd  protrusion  from  the  blastodermic  cavity  ;  it  extends  behind  the 
primitive  streak  into  the  mesoderm  of  the  body-stalk,  but  as  the  folding  off  of  the 
embryo  proceeds,  and  the  body-stalk  is  carried  forward  into  the  ventral  wall  of  the 
embryo,  the  position  of  the  diverticulum  is  altered,  and  ultimately,  when  the 
folding  off  is  completed,  it  springs  from  the  ventral  part  of  the  cloaca,  runs  forward 
to  the  umbilical  orifice,  and  passing  through  it,  projects  for  a  short  distance  still 
invested  with  the  mesodermal  covering  primarily  obtained  from  the  body-stalk. 
The  ventral  part  of  the  cloaca  is  afterwards  converted  into  the  bladder,  while  the 
rectum  is  formed  from  the  dorsal  part. 

The  mesodermal  sheath  which  surrounds  the  entodermic  diverticulum  extends 
beyond  it  to  the  inner  surface  of  the  chorion  ;  the  part  which  extends  beyond  the 
diverticulum  is  at  first  extremely  short,  indeed  it  is  only  recognisable  as  a  layer  of 
mesoderm  uniting  the  body-stalk  and  chorion,  but  as  development  proceeds  and 
the  body-stalk  is  folded  forward  to  form  the  ventral  wall  of  the  body  of  the  embryo, 
posterior  to  the  umbilicus,  this  portion  of  the  mesoderm  is  elongated,  and  it  forms 
the  allantoic  stalk  by  which  the  embryo  retains  its  connexion  with  the  chorion, 
and  along  which  pass  the  allantoic  or  umbilical  arteries  to,  and  the  corresponding 
veins  from,  the  chorionic  villi. 

After  the  separation  of  the  cloaca  into  bladder  and  rectum,  that  portion  of  the 
allantois  which  lies  in  the  body  of  the  embryo,  between  the  apex  of  the  bladder 
and  the  umbilical  orifice,  is  gradually  converted  into  a  fibrous  cord,  the  urachns. 
The  entodermal  diverticulum  disappears,  and  after  birth,  when  the  placental  circu- 
lation ceases,  the  umbilical  arteries  are  transformed  into  fine  fibrous  strands.  The 
remainder  of  the  allantois  which  lies  outside  the  body  of  the  embryo,  and  which 
takes  part  in  the  formation  of  the  umbilical  cord  and  placenta,  is  separated  from 
the  embryo  at  birth. 

Umbilical  Cord. — The  umbilical  cord  is  essentially  a  mesodermal  structure 
which  connects  the  embryo  with  the  placenta,  serving  as  a  passage  for  the  allantoic 
vessels  to  and  from  the  foetal  portion  of  the  latter  organ.  It  replaces,  functionally, 
the  body-stalk  and  the  allantoic  stalk,  which  were  earlier  provisions  for  the  same 
purpose,  and  it  is  formed  by  the  fusion  of  the  allantoic  stalk  with  part  of  the 
vitello-intestinal  duct  and  the  remains  of  the  yolk-sac. 

The  vitello-intestinal  duct  is  at  first  a  relatively  wide  channel  which  connects 
the  primitive  gut  with  the  yolk-sac ;  it  passes  through  the  umbilical  orifice.  In 
later  stages,  as  the  body-stalk  is  swung  round  into  the  ventral  wall  of  the  body, 
the  allantoic  stalk,  which  projects  from  the  end  of  the  body-stalk,  is  brought  into 
close  relation  with  the  distal  end  of  the  vitello-intestinal  duct  and  the  remains  of 
the  yolk-sac;  the  mesodermal  constituents  of  the  three  structures  then  fuse 
together,  and  the  whole  is  surrounded  by  the  expanding  amnion.  In  this  way  the 
umbiUcal  cord  is  formed.  It  includes,  therefore,  the  allantoic  stalk  and  its  blood- 
vessels, together  with  the  remains  of  the  yolk-sac  and  its  stalk,  the  vitello-intestinal 
duct,  all  of  which  are  invested  and  bound  together  by  the  amnion. 

The  mesodermal  core  of  the  cord  forms  a  fibro-mucoid  tissue  known  as 
"  Wharton's  jelly,"  which  consists  of  stellate  and  irregular  cells  embedded  in  a 
gelatinous  matrix.  The  blood-vessels  of  the  cord  are  situated  in  the  core,  and 
include  two  allantoic  or  umbilical  arteries  which  run  spirally  round  a  single 
vunbilical  vein.    The  terminal  portion  of  the  allantoic  diverticulum  projects  into 
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the  embryonic  end  of  the  cord,  and  at  first  a  loop  of  intestine  protrudes  into  it  for 
a  short  distance ;  the  gut,  however,  soon  recedes  into  the  abdominal  cavity. 

The  umbilical  cord,  which  extends  from  the  umbilical  orifice  to  the  centre  of  the 
placenta,  is  at  first  short  and  straight.  As  the  anmion  expands  the  length  of  the 
umbilical  cord  increases  until,  at  the  time  of  birth  it  measures,  on  an  average, 
about  20  inches.  This  increase  in  the  length  of  the  cord  allows  the  foetus  to  float 
freely  in  the  amniotic  fluid,  and  prevents  traction  on  the  placenta. 

After  the  middle  of  the  second  month  the  umbilical  cord  is  twisted  spirally, 
usually  from  right  to  left.  It  is  suggested  that  this  is  due  either  to  the  great 
elongation  of  the  allantoic  arteries  or  to  muscular  movements  of  the  foetus,  and  it 
involves  a  rotation  of  the  foetus  in  the  amniotic  fluid. 

Chorion. — The  chorionic  area,  by  far  the  largest  of  the  areas  into  which 
the  blastoderm  is  divisible,  lies  external  to  the  amniotic  area.  In  most  mammab 
it  consists  at  first  of  ectoderm  and  entoderm,  but  after  the  extension  and  cleavage 
of  the  mesoderm  has  taken  place,  it  is  formed  by  ectoderm  and  somatic  mesoderm. 
In  man,  however,  it  consists  in  the  earliest  stages  of  ectoderm  alone,  but  on  the 
formation  and  extension  of  the  mesoderm  it  also  acquires  an  inner  layer  of  somatic 
mesoderm.     In  all  cases,  therefore,  it  eventually  consists  of  the  same  two  layers. 

The  ectoderm  of  the  chorionic  area  which  immediately  surrounds  the  amniotic 
area  thickens  to  form  the  annular  placental  area,  and  in  this  way  the  chorionic  area 
becomes  divisible  into  placental  and  non-placental  regions. 

When  the  blastodermic  vesicle  enters  the  uterus  numerous  ectodermal  \  illous 
processes  grow  from  the  surface  of  the  chorionic  area,  both  in  its  placental  and  non- 
placental  parts,  and  attach  themselves  to  the  uterine  mucous  membrane.  As 
already  pointed  out  in  the  description  of  the  formation  of  the  amnion,  the  embryonic 
and  amniotic  areas  do  not  become  attached  to  the  uterus,  but  remain  free  from  it, 
whilst  by  the  approximation  and  fusion  of  its  inner  margins,  the  rapidly  gix)wiug 
ring-like  placental  ai-ea  is  converted  into  a  disc  which  intervenes  between  tlie 
amnion  and  the  uterine  wall. 

The  chorionic  area  after  the  separation  of  the  amnion  is  known  as  the  chorion 
or  chorionic  membrane. 

The  chorion  forms  the  outer  wall  of  a  vesicle,  the  chorionic  vesicle,  which  is  llie 
modified  remains  of  the  blastodermic  vesicle,  and  which  contains  the  embryo,  the 
yolk-sac,  the  amnion,  and  the  allantois.  It  consists  of  an  outer  layer  of  ectoderm 
and  an  inner  layer  of  somatic  mesoderm. 

The  cavity  of  the  chorion  is  the  extra-embryonic  portion  of  the  coelom.  For  a 
time  it  remains  distinct,  and  is  traversed  by  the  allantoic  stalk  which  unites  the 
embryo  to  the  inner  or  mesodermal  layer  of  the  placental  area.  The  cavity  is 
ultimately  obliterated  by  the  growth  of  the  amnion,  the  latter  sac  expanding 
rapidly  till  its  outer  surface  is  in  contact  and  intimately  blended  with  the  inner 
surface  of  the  chorion. 

Chorionic  Villi.  —  The  villous  processes  which  begin  to  grow  from  the 
surface  of  the  chorionic  area  before  it  is  separated  from  the  amnion  continue  to 
develop  after  the  separation  of  the  two  membranes  is  completed.  They  penetraUi 
the  surrounding  uterine  tissues.  At  first  each  consists  of  ectoderm  only,  but  a 
core  of  vascular  mesoderm  is  soon  acquired.  The  villi  increase  in  size  and  in  com- 
plexity also,  but  ultimately  only  those  in  the  placental  area  persist  and  continue 
to  grow ;  the  remainder  atrophy  and  disappear. 

Thus  the  placental  region  of  the  chorion  eventually  constitutes  the  main  bond  of 
union  between  the  ovum  and  the  mother,  and  it  forms  the  foetal  part  of  the  placenta. 

THE  PLACENTA. 

The  placenta  is  the  organ  of  foetal  nutrition  and  respiration. 

In  it  the  blood-vessels  of  the  foetus  and  those  of  the  uterus  are  brought  into 
such  close  relationship  with  one  another  that  free  interchanges  readily  take  place 
between  the  blood  of  the  mother  and  that  of  the  foetus.  In  the  simplest  form  of 
placenta  the  foetal  villi  are  merely  embedded  in  the  maternal  mucous  membrane, 
and  the  relationship  between  foetal  and  maternal  blood  is  not  very  close.     In  other 
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forms,  e.g.  the  humun  placenta,  the  relation  of  foetal  to  maternal  blood  iB  much 
more  intimate  ;  this  involves  marked  complications  in  the  elements  of  the  placenta, 
and  ite  structure  becomes  correspondingly  more  complex.  In  all  forms,  however, 
the  placenta  consists  of  foetal  and  maternal  portiouB. 

Before  the  impregnated  ovum  reaches  the  uterine  cavity  the  mucous  membrane  of 
the  uterus  undergoes  certain  changes  in  preparation  for  its  reception  and  ret«n- 
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Tta.  39.— DlAORAli  reprewnliDg  a  verj  joaag  faumin  ovnm  dmost  immediately  after  iU  entrance  into  the 
deei.iui,  ind  whilst  the  place  of  ite  entrance  ta  rtill  covereit  with  ■  plug  of  fibrin.  The  ectodenn  baa 
■Iread;  proliferateil  and  embraced  spaces  whicli  contain  malenial  blood  uul  are  continuous  nitli  the 
maternal  blood-veueU. 

lion,  and  the  modified  mucous  membrane  is  known  as  the  uterine  decidua.  These 
clianges  are,  for  the  most  part,  hypertrophic  ;  the  vascularity  of  the  mucous  mem- 
lirane  is  increased  mainly  by  the  dilatation  of  its  veins  and  capillaries,  the  tubular 
uterine  glands  become 
eluogated,  irregular,  and 
tortuous,  and  they  dilate 
both  at  their  oritices  and 
in  the  deeper  part  of  the 
mucous  membrane;  at  the 
tianie  time  the  inter- 
glandular  connective  tis- 
sue proliferates,  and  as  a 
reault  the  decidua  is 
thicker,  softer,  and  more 
apon^jythan  theunaltered 
mucous  membrane. 

After  the  developing 
ovum  enters  the  uterus 
it  comes  into  contact 
with  the  decidua,  into 
which  it  forces  its  way 
destroying  the  surface 
epithelium,  and  destroy- 
ing, or  pushing  aside,  the 
superficial  portions  of  the 
glands.      In  this  way  it 

Ijecomes  embwided  in  the  vascular  interglandular  tissue. 
makes  in  the  superficial  surface  of  the  decidua  is  plugged,  for  a  time,  by  a  mass  ot 
filiriu,  but  all  traces  of  the  aperture  which  the  fibrin  closes  eventually  disappear 
and  the  ovum  is  entirely  encapsuled  in  the  decidua,  which  again  presents  an 
unbroken  surface  towards  the  uterine  ca\ity. 


Pin.  40.— Duos* 


Tlie  ectoderm  ia 


nut,  but  u  yet  there  ia  uo 
latter. 

The  orifice  which  it 
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— DlA<iB*M,  fdiowiiin  B  turlher  stage  of  development  of  the  hiiniai 
11  HuU  ita  reUtian  to  the  ileciiltiol  tissues.  Tfae  entoileniiBj  cavit] 
.'□Ik-Buc  has  appeared  in  the  iuaer  ce)l>iiiHBs.  and  the  mesoderu 
conimeiiceil  to  eitcnd  from  the  jirimitive  Rtreak  iu  two  layen> 
iidiiiii-  oil  the  yolfc-aac  nud  somatic  on  the  ectoderm. 


Immediately  after  the  ovum  becomes  embedded  the  superficial  ectoderm  cells  of 

its  surface  proliferate  rapidly  and  form  numerous  branchiug  proccBses  or  villi  whicli 

invade  the  surrounding  decidua,  destroying  its  cells  and  gmdually  enclosing  the 

iiKidua  tnuii<  matemal     blood     spaces 

UDclianwd  layer  NaMrnal  vbmtI  with      wMch      they     COmi' 

I  into    relation.      After  a 

''^"'  time  the  maternal  tissues 

**'"'  which  at  first  surroimded 

""     the  maternal  blood  spaces 
entirely    disappear,    and 
from  this  period  onwards 
^  the  maternal  blood  circu- 

lates in  the  apacee  in  thi- 
bii  ftEtal  ectoderm.     After  a 

time  the  proliferation  of 
mvi  the  ectodermal  villi   be- 

'*™""  comes  most  marked  im- 

mediately around  the 
margin  of  the  amnio  lit: 
area  of  the  ovum,  and 
thus  a  placental  area  of 
the  chorion  is  differ- 
entiated. In  the  mean- 
time the  expanding  ovum 
has  forced  the  decidua  on 
its  superficial  surface  to- 
wards the  cavity  of  the 

uterus,  and  at  this  period  three  areas  of  the  decidua  can  be  distinguished.     The 

part   outside   the  ovum,   that  is   between  the   ovum   and   the  muscular  wall  ol 

the  uterus,  is  known 

as  the  decldna  baaalis ; 

the  part  pushed  into 

the     cavity     of     the 

uterus     around     the  "' 

growing  ovum  is  the 

decidua  capenlaris ;  and 

the  remainder  of  the 

decidua  is  the  decidua 

vera.  k 

The   decidua   cap-     ^^ 

anlarlB  is  not  formed, 

as   was   fonnerly  be- 
lieved, by  folds  of  the  ' 

decidua    which    have 

grown    up    and    sur- 
rounded     an     ovum 

mendy    attached     to 

the    surface    of    the 

decidua  basalis.     On 

the    contrary    it     is    !,-,„_  42.- 

nierely  the  superficial  eaiu 

part  of   that   portion  Jj" 

of    the   decidua   into 

which  the  ovum  has  penetrated,  therefore  it  may  contain  glands  or  the  remains  of 

Inlands  which  open  on  its  superficial  surface  into  the  uterine  cavity,  but  no  glands 

open  on  its  inner  surface. 

The  decidua  baaalie  lies  in  contact  with  the  placental  area  of  the  chorion,  i.e. 

the  fa'tal  part  of  the  placenta,  and  it  forms  tiie  matemal  part  of  the  oi^n.     In 

'he  fully  developed  human  pla<;enta,  the  foetal  aud  maternal  tissues  of  which  it 


,  KhowiuK  the  eonipletioii  of  tlie  ilecidna  capinlaris,  (be 
the  luaternal  blood- ve^oels  in  Ihe  stntiiiu  conipHotuin  of 
snlia.  the  iucrciue  of  tl»  placeiiUl  villi,  the  fonnatioti  of 
U,  anl  the  appiiarance  of  the  allantoic  iliverticiilnnj. 
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is  formed  are  so  intimately  mingled   and  blended  together  that  it  is  imposaible 
to  say  where  one  ends  and  the  other  begins.     By  a  careful  study,  however,  of  a 
series  of  placeotie  of  differeut  ages  a  fairly  clear  and  eatiafactory  idea  of  the  (wrt 
played  by  the  maternal 
and  the  foetal  elements 

reupwtively.  as  well  as  i 

oflheirrelationstoeach    '  "niild' 

other,  may  be  obtained.  bimd 

The  structural  char- 
acters of  the  completed 
organ  will  be  liest  u  oder- 
sniod  if  the  two  con- 
stituent parts  are  first 
coucidered  separately.     ^ 

Fcetal    Fart   of 
the    Placenta.  —  The  ix 

villi  of  the  placental 
portion  of  the  chorion 

inrade    and    penetrate  wJem 

the  decidua  basalis, 
whilst  the  villi  of  the 
non-placeotal  chorionic 
area  of  the  ovum  enter 
the  decidua  capsularis. 

As   previously   ex- 
plained,  in    connexion  Pro.  43.— Diacjuaw,  ihowinB  enUr^ment  of  tlie  blood  siuust*  in  the  inaMmal 
Witllthe  formation  both  P"t  "'  »''«  placenta  aa.t  the  elOHure  of  the  amiiiou, 

of  the  amnion  and  of 

the  chorion,  the   annular  placental   area   is  converted   into   a  circular  disc.     It 

consists,  like  the  rest  of  the  chorion,  of  ectoderm  and  mesoderm,  and  it  contains 

DecMiw  bauiiii  rami  ticatiouEof  the 

allantoic    vessels ; 

but  the  ectoderm 

is   thickened   and 

j,i^  .Ik        increased,  it-s  villi 

are  larger  than 
those  of  the  non- 
place  it  tal  region 
of  the  chorion, and 
it  is  directly  con- 
nected with  the 
i  °l|^i,,j,,   allantoic  utalk. 

i-.ii.  The  early  villi 
'''""■'are  merely  ecto- 
ip  dermal  liuds  which 
penetrate  the  sur- 
'""  rounding  decidual 
^'"^  "^*""   tinsues,  destroying 

■lemi    gj,^  replacing  the 
uterine    elements. 
These   villi    grow 
and    branch,   and 
their  branches  an- 
astomose together 
F^o.  41.~DuoBAN,   iboving  tlie  fvtal  Mtoderm  nurroundii^  the  mulvniml  blood  surrounding       the 
sinB««,   the  co,nd.e,i«n.ent  of   »con.Ury   f.el.1  villi    which   project  into  the  (^JooJ  apa^pg  ^f  t,]je 
fiDnws.  uiii  Ihf  rtiaiijuusrsuc*  of  llie  auiiei  ficwl  portions  ot  the  kIbiiiI-.  ■      .  ■  i  -    i_ 

decidua  which  are 
ID  the  immediate  neighbourhood  of  the  ovum.  As  de^'elopment  proceeds  everv' 
ectodermal  viWus  is  penetrated   by   an   outgrowth   of  the   subjacent   mesoderm 
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which  carries  branches  of  the  allantoic  vessels,  and  so  the  viUi  become  vascularised 
with  feteil  blcMjd.  For  some  time  all  the  villi,  placental  and  non-placental,  grow  and 
absorb  nutriment  from  the  maternal  tiaauea,  probably  utilising  as  food  the  tissues 
which  they  destroy  and  replace;  but  when  the  deeidua  capsularis  is  thinned  by 
the  expansion  of  the  growing  ovum,  the  villi  of  the  noa-placeutal  region  which 
have  penetrated  it  are  no  longer  able  to  obtain  nutrient  matter,  and  they  con- 
sequently atrophy  and  disappear.  The  placental  vilh,  on  the  contrary,  continue  to 
increase  ;  they  grow  in  size  and  become  more  complex,  and  secondary  branches 
growing  from  them  project  into  the  maternal  blood  spaces  which  they  have 
surrounded  and  float  in  the  maternal  blood.     When  the  formation  of  the  placenta 

is  completed,  iin 
foetal  part  consiutx 
of  villi,  each  of 
which  posaesaes  an 
external  covering 
of  two  layers  of 
ectodermal  cells 
and  a  vascular 
mesodenual  core ; 
the  villi  project 
into  the  interior 
of  large  blood 
spaces  which  are 
surrounded  more 
n,  or  less  completely 
by  fcetal  ectodenn. 
and  they  are  bathed 
by  maternal  blood 
from  which  they  ob- 
tain the  materiala 
necessaiy  for  the 
nutrition  and 
growth  of  the  em- 
bryo, and  into 
which  they  trans- 
mit the  effete  ex- 
cretory matters 
from  the  embryo. 

Flo.   15.  — DlAUHAU,  ihowing  further  gmwlh  of  the  placental  aiDueeH  and  villi ;  the  M  n.  t  n  rn  A  1 

fii»ioiiof  the  ileddua  c«p«iilari»  with   the  deeidua  vers,  iind  llie  obliteraUon  of  _       ,       ...         ™ 
the  uterine  oarity.  Part   Of  the    Pl*- 

centa  and  the 
Changes  in  the  Deeidua.— The  occurrence  of  further  changes  hi  the  deeidua,  after 
the  developing  ovum  enters  the  uterus,  is  dependent  upon  the  retention  of  the 
ovum  in  the  substance  of  the  deeidua.  These  changes  only  occur,  therefore,  in 
what  may  be  termed  the  deeidua  of  pregnancy.  They  are  intimately  associate*! 
with  and  essential  to  the  development  of  the  maternal  part  of  the  placenta,  and 
a  more  detailed  and  complete  account  of  the  deeidua  and  the  mollifications  of  its 
several  parts  is  therefore  necessary. 

The  decidna  is  formed  by  the  mucous  membrane  of  the  uterus,  which  is  a  hollow, 
thick-walled  muscular  organ,  situated  in  the  pelvic  cavity.  The  mucous  membrane 
contains  numerous  tubular  glands  embedded  iu  an  interglandular  tissue  formed  of 
round  and  irregular  cells.  The  uterine  glands  are  lined  by  a  columnar  or  cubical 
epitheUum,  and  they  open  into  the  cavity  of  the  uterus  on  a  surface  which  is  also 
covered  by  columnar  cells.  The  whole  of  the  mucous  membrane  is  plentifully 
supplied  with  blood-vessels  which  pass  into  it  from  the  surrounding  muscular 
walls,  and  it  is  transformed  into  the  deeidua  by  proliferation  and  hj-pertrophy  i>f 
all  its  parts.  The  interglandular  tissue  increases  in  amount  and  its  blood-vessels 
dilate,  especially  near  the  surface  of  the  membrane ;  but  the  most  striking  of  the 
early   changes   occur   in    the   glands — they   become   longer,  more  tortuous,  theic 
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ajieitures  enlarge  and  assume  a  funnel-like  appearance,  and  they  dilate  a  short 
distance  from  their  temmiations  into  large  irregular  spaces.  The  increase  of 
the  interglandular  tissue  is  most  marked  in  the  intervals  between  the  dilated 
]:)ortion8  of  the  glands  and  their  apertures,  and  when  all  the  changes  are  fully 
established  it  is  possible  to  recognise  three  layers  of  the  decidual  tissue.  (1)  A 
superficial  relatively  thick  layer  in  which  the  interglandular  tissue  preponderates, 
the  staratum  compactum ;  (2)  A  layer  formed  principally  by  the  dilated  portions 
of  the  glands,  the  stratum  spongiosmn ;  and  (3)  a  thin  deep  part  of  the  membrane 
which  contains  the  outer  extremities  of  the  glands  which  are  practically  unchanged, 
the  unchanged  layer. 

Tlie  decidua  capsularis  differs  from  the  other  portions  of  the  decidua  in  that 
it  represents  only  the  superficial  portion  of  the  other  parts  of  the  decidua,  and 
therefore  contains  no  spongy  layer  or  deep  unchanged  layer.  This  is  obviously  the 
case,  for  after  the  ovum  has  penetrated  through  the  surface  epithelium  it  becomes 
embedded  in  the  stratum  compactum  of  that  portion  of  the  decidua  which  it  has 
invaded,  and  consequently  the  portion  of  the  stratum  which  closes  over  it  cannot 
contain  more  than  the  outer  parts  of  some  of  the  uterine  glands  with  their  orifices 
and  the  intervening  interglandular  tissue. 

The  changes  which  occur  in  the  decidua .  capsularis  are  due,  first,  to  its 
counexion  with  and  invasion  by  the  chorionic  vilU ;  and,  secondly,  to  the  pressure 
oxerted  upon  it  by  the  enlarging  ovum.  The  former  influence  is  brought  to  bear 
whilst  the  decidua  is  still  increasing;  the  latter  after  it  has  reached  its  full 
development. 

The  changes  which  result  from  its  union  with  the  chorion  are  the  destruction 
and  absorption  of  some  of  the  interglandular  tissue ;  they  are  due  to  the  activity 
of  the  ectodermic  cells  of  the  chorion,  which  attack  and  invade  the  uterine  tissues. 

The  changes  due  to  pressure  exerted  by  the  enlarging  ovum  are  diminution  of 
vascularity,  disappearance  of  the  lumina  of  such  portions  of  the  glands  as  remain  in 
the  decidua  capsularis,  and  the  removal  of  their  epithelium,  together  with  the  co- 
incident atrophy  of  the  foetal  villi  which  have  penetrated  this  portion  of  the  placental 
decidua.  All  these  changes  result  in  the  reduction  of  the  decidua  capsularis  to  a 
thin  membrane  in  which  no  traces  of  the  original  structure  are  recognisable,  in  the 
fusion  of  the  altered  decidua  capsularis  with  the  decidua  vera,  and  the  consequent 
obhteration  of  the  uterine  cavity. 

After  the  fifth  month  the  decidua  vera  also  undergoes  atrophic  changes,  but  they 
do  not  proceed  so  far  as  in  the  decidua  capsularis ;  nevertheless  the  stratum  com- 
pactum is  greatly  reduced,  the  superficial  epithelium  and  the  superficial  parts  of 
the  glands  entirely  disappear  from  it,  the  interglandular  tissue  becomes  less 
vascular,  and  it  diminishes  very  considerably  in  thickness.  The  epithelium  dis- 
appears from  the  spaces  in  the  spongy  layer,  and  the  spaces  themselves  are 
flattened  out  into  long  slit -like  clefts,  in  which  condition  they  remain  till 
the  period  of  pregnancy  is  completed.  The  decidua  vera  is  thus  reduced  to  the 
condition  of  a  relatively  thin  membrane,  and  its  inner  surface  is  fused  with 
the  remains  of  the  decidua  capsularis. 

Decidua  Basalis. — This  portion  of  the  decidua  is  constituted  by  the  deeper 
part  of  the  stratum  compactum  in  which  the  ovum  is  embedded  together  with 
the  more  externally  situated  spongy  and  unchanged  layers,  and,  apart  from  the 
changes  due  to  the  invasion  of  the  foetal  villi,  the  most  important  transformations 
in  this  part  of  the  decidua  occur  in  the  stratum  compactum.  The  alterations  in 
the  spongy  layer  are  similar  to  those  which  occur  in  the  same  layer  of  the  decidua 
vera,  \iz.  the  lining  epithelium  disappears  and  the  spaces  are  flattened  out  into  a 
layer  of  cleft-like  slits. 

In  the  stratum  compactum,  however,  much  more  striking  changes  occur ;  all 
traces  of  the  glands  disappear,  but  the  blood-vessels  become  greatly  dilated,  and, 
consequently,  the  layer  increases  considerably  in  thickness.  The  small  blood-vessels 
which  lie  in  the  immediate  neighbourhood  of  the  ovum  become  converted  into 
enormous  blood  sinuses,  but  in  the  deeper  part  of  the  stratum  a  thin  layer,  which 
Ues  next  the  stratum  spongiosum,  remains  relatively  unchanged ;  this  deeper  part 
IB  called  the  basal  layer,  and  through  it  the  blood-vessels  pass  to  and  from  the 
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blood  siDiises  in  ihe  more  Huperticial  portion  of  the  niembraue.  When  it 
is  completed,  therefore,  the  maternal  portion  of  the  placenta,  which  is  the 
transformed  decidua  basalis,  no  longer  consists  of  the  stratum  compactum,  the 
stratum  spongiosum,  and  the  unchanged  layer,  b\it  it  is  fonued  from  witliiu 
outwards  of — (1)  a  layer  of  blood  sinuses,  (2)  the  basal  layer,  (3)  the  moiiitiwi 
spongy  layer,  and  (4)  the  unclianged  layer.  The  difference  between  the  decidus 
basalis  and  the  maternal  part  of  the  placenta  may  be  tabulated  as  follows: — 

Decidtu  basalis.  Maternal  placenta. 

r,  -     ,    .     ,  ,  )     Layer  of  blood  sinuses. 

Deep  part  of  stratimi  eonipactimi  .      <     j.  -^  ,  . 

Stratum  spougioauni  ....  Modified  stratum  spoiigioauni. 

Unchanged  layer        ......  Unchanged  layer. 

It  must  not  be  forgotten,  however,  that  whilst  the  changes  which  result  in  the 
fonnation  of  the  maternal  placenta  out  of  the  decidua  basalis  are  taking  place  the 
stratum  compactum  has  been  invaded  by  the  placental  villi. 

The  first  result  of  this  invasion  is  the  destruction  of  much  of  the  decidual  tissue  by 
Pi.cenia  the    ectodenu    al 

the  foetal  villi. 
Gradually  the  ec- 
toderm of  the  villi. 
always  in  advance 
coil  of  the  main  body. 

reaches  and  sur- 
rounds the  dilatril 
decidual  vesseU, 
destroys  the  in- 
tervening tissues. 
and  ultimately  re- 
places  the   eiido- 

.  I  thelial  walls  of  the 
vessels,  which  by 
this     time     hure 

,  dilated  into  enor- 
mous spaces.  Imo 
these   spaces   the 

I  ramitications  ol' 
the  villi  projeci. 
and,  as  the  endo- 
thelial walls  are 
destroyed,  they  lie 
directly  within 
the  cavities  of  the 
spnces,    and    are 

«■  surrounded  on  all 
sides  by  maternal 
blood.  The  niosi 
peculiar  feature  of 
this  iwrt  of  the 
placenta,  when 
fully  developeil.  is 

Kl(i.  46.-DiAGi.AH.  Uler  -tngi.  iu  the  aevcliipnitnt  of  the  pUc^nU,  showing  the  f'^t  the  whole  of 
ri'lstioiis  of  the  f'vU]  vLUi  to  the  placviiUI  sinu»CB,  the  fuiiou  of  the  tnmion  with  the  maternal  por- 
the  inner  surfiie  of  tht  chorion,  niiil  the  thinning  of  the   tuned  JeciJuie  (eaj).     jj^jj    yj'   jj    except 

■■"■"■■"•"•'"■  the     bloii,     to 

been  removed  and  replaced  by  fa-tal  tissues,  so  that,  although  the  inateraal 
blood  continues  to  circulate  in  the  same  spaces  which  it  has  occupied  from  the 
first,  viz.  the  blood  sinuses  in  the  more  superKcial  part  of  the  stratum  compactum  of 
tiie  maternal  decidua,  yet  the  walls  of  these  spaces  have  been  replaced  more  or  less 
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iroiiipletely  by  foetal  ectoderm,  and,  consequently,  the  spaces  now  lie  in  the  midst  of 
the  foetal  tissues. 

The  invasion  of  the  maternal  by  the  foetal  part  of  the  placenta  proceeds  as  far 
as  the  Iwisal  layer,  and  in  this  region  the  foetal  ectoderm  is  directly  continuous  with 
the  walls  of  the  maternal  blood-vessels  at  the  points  where  they  enter  the  sinuses. 

Although  the  invasion  of  the  decidua  basalis  is  so  complete,  some  portions  of 
the  maternal  tissues  persist ;  thus  the  basal  layer  and  many  strands  of  the  stratum 
compactum  escape  destruction.  The  latter  extend  from  the  basal  layer  to  the  outer 
surface  of  the  chorion,  and  they  are  eventually  converted  into  fibrous  strands,  which 
divide  the  superficial  part  of  the  completed  placenta  into  lobular  areas. 

The  completed  placenta  consists,  therefore,  of  closely  intermingled  and  fused 
tVetal  and  maternal  tissues,  through  which  both  the  foetal  and  maternal  blood 
streaiiLS  circulate.  It  is  well  adapted,  on  account  of  its  peculiarities  of  structure,  to 
fulfil  the  nutritive  and  respiratory  requirements  of  the  embryo.  The  foetal  blootl 
stream  which  flows  through  the  placental  villi  and  the  maternal  blood  stream  in 
tlie  placental  sinuses  are  only  separated  from  each  other  by  two  layers  of  foetal 
ectodermal  epithelium  and  a  small  amount  of  foetal  mesodenu,  the  latter  being 
practically  reduced  to  the  single  layer  of  endothelial  cells  which  form  the  walls  of 
the  foetal  vessela  Through  these  layers,  by  osmosis,  and  possibly  by  secretion, 
materials  are  passed  both  from  mother  to  embryo  and  from  embryo  to  mother,  the 
placenta  serving  not  only  for  purposes  of  nutrition  and  respiration,  but  also  as  an 
excretory  organ. 

Whilst  the  placenta  is  attaining  its  fuU  development  the  amnion  is  expanding, 
and  finally  its  outer  surface  fuses  with  the  inner  surface  of  the  chorion,  consequently, 
the  innermost  portion  of  the  placenta  is  provided  with  a  covering  of  amnion. 

The  full-time  placenta  is  a  discoid  mass  about  20  or  25  inches  (50  to  60  cm.)  in 
circumference  and  1 J  in  thickness  at  its  centre ;  it  is  much  thinner,  however, 
at  its  margins,  where  it  is  continuous  with  the  membranes  formed  by  the  fused 
chorion,  decidua  vera,  and  decidua  capsularis.  Its  weight  is  about  one  j)ound,  and 
it  consists  from  within  outwards  of  the  following  layers : — 


FoDtal 


( 


.       .  (   Ectoderm. 

^^"^">^" \  Mesoderm. 

AUantcis  with  fcetal  vessels  Mesoderm. 

^y     .  I   Mesoderm. 

^''«"«» 1   Ectoderm. 


Maternal 


'  Layer  of  maternal  blood  sinuses  and  remains  of  the  iuterglaudular 
tissue  of  the  stratum  com  pactum. 

Basal  layer. 

Modified  spongy  layer. 
L  Unchanged  layer. 


When  the  period  of  intrauterine  life  is  completed  the  nmscular  walls  of  the 

uterus  contract  and  the  lower  orifice  of  the  uterine  cavity  is  dilated,  the  fused 

cliorion  and  amnion,  which  close  the  upper  part  of  the  orifice,  rupture  and  the 

amniotic  fluid  escapes,  the  foetus  is  then  expelled,  but  it  remains  attached  to  the 

placenta  by  the  umbilical  cord.     The  cord  is  divided  artificially,  and  after  a  short 

i>criod  the  placenta  and  membranes  are  expelled.     The  membranes  attached  to  the 

l»lacenta  consist  of  the  fused  amnion,  chorion,  decidua  capsularis,  and  also  the 

decidua  vera  internal  to  the  altered  spongy  layer ;  therefore  both  the  placenta  and 

the  membranes  consist  of  maternal  and  fcetal  tissues.     Before  the  placenta  and 

membranes  are  expelled  the  uterine  decidua  is  separated  into  two  parts  by  a 

cleavage  which  takes  place  in  the  modified  stratum  spongiosum.     The  inner  portion 

which  includes  the  placenta  and  membranes  is  cast  off.     The  outer  portion  remains 

in  the  uterus ;   it  consists  almost  entirely  of  the  deep  unchanged  layer  of  the 

<le('idua,  and  from  it  the  uterine  mucous  membrane  is  reconstructed. 
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THE  PEIMITIVE  VASCULAE   SYSTEM  AND   THE   FCETAL 

CIECULATION. 

It  has  already  been  said  that  the  ovum  during  its  passage  down  the  Fallopian 
tube  lives  either  on  its  own  yolk  particles  or  upon  substances  absorbed  from  the 
fluids  by  which  it  is  surrounded,  i^or  a  time  after  it  enters  the  uterus  its  nutrition 
must  be  provided  for  in  a  similar  manner,  but  as  soon  as  the  chorionic  viUi  are 
formed  it  is  probable  that  the  ectodermal  cells,  of  which  in  the  earliest  stages  they 
entirely  consist,  and  which  cover  their  surfaces  in  the  later  stages,  actually  eat  up 
the  decidual  tissues  which  they  invade  and  use  them  for  food.  This  source  of 
nutrition,  however,  is  only  sufficient  for  the  short  period  during  which  the  ovuni 
remains  relatively  small,  and  substances  absorbed  through  the  surface  cells  can  be 
readily  transmitted  to  all  its  parts. 

In  addition  to  the  solid  decidual  tissues  devoured  by  the  ectodennal  cells  it  is 
evident  that  fluids  from  the  mother  are  also  absorbed,  for  the  yolk-sac  and  coelom 
enlarge  and  are  filled  with  fluid.  The  only  sources  from  which  this  can  have  been 
derived  are  the  uterine  glands  or  the  blood  and  lymph  vessels  of  the  decidua. 

In  all  probability  the  fluids  absorbed  into  the  ovum  contain  nutritive  material, 
and  so  long  as  the  embryo  is  constituted  by  the  thin  layers  of  the  early  blastoderm 
sufficient  food  material  can  easily  be  absorbed.  When,  however,  the  various  parts 
of  the  embryo  increase  in  thickness  and  become  moulded  into  the  fonn  of  organs 
they  are  no  longer  in  such  intimate  relation  with  the  surrounding  nutritive  fluids, 
whilst,  further,  as  their  development  progresses  they  require  a  greater  amount  of 
food  and  oxygen  than  they  can  obtain  from  these  fluids.  There  is,  therefore,  an 
imperative  necessity  for  a  further  supply  of  nutritive  material  by  which  their  re- 
quirements may  be  satisfied,  failing  which,  development  must  cease  and  death  ensue. 

To  meet  this  necessity  the  vascular  system  is  formed.  It  is  essentially  an 
irrigation  system  consisting  of  a  propulsive  organ,  the  heart,  and  of  tubular 
vessels,  the  blood-vessels,  all  of  which  contain  blood.  The  heart  propels  the  blood 
through  the  blood-vessels  to  all  parts  of  the  embryo,  but  the  blood  which  is  at  first 
formed  from  the  mesoderm  of  the  ovum  must,  at  least  so  far  as  its  fluid  part  is 
concerned,  be  supplemented  largely  from  maternal  sources.  It  is  necessary,  there- 
fore, that  the  foetal  blood-vessels  be  brought  into  close  relation  with  the  maternal 
blood-vessels  at  an  early  period.  It  is  for  this  purpose,  amongst  others,  that  the 
large  blood  sinuses  are  formed  in  the  maternal  portion  of  the  placenta,  and  that 
they  are  surrounded  and  invaded  by  the  foetal  villi,  carrying  in  their  interior 
branches  of  the  foetal  blood-vessels,  and  as  previously  shown,  the  fcetal  blood- 
vessels in  the  placenta  are  only  separated  from  the  maternal  blood  in  the  sinuses 
by  their  own  thin  mesodermal  walls,  and  by  one  or  two  layers  of  ectodermal  cells. 
When  the  placenta  is  fully  formed  fluids  can  readily  pass  from  the  maternal  to 
the  fcetal  vessels,  and  there  can  be  no  doubt  that  both  food  and  oxygen  p£tss  from 
the  maternal  blood  to  the  foetal  blood  through  and  by  the  agency  of  the  intervening 
cells,  whilst  at  the  same  time  the  waste  products  which  are  formed  in  the  embryo 
pass  outwards  to  the  maternal  blood. 

Obviously,  however,  a  system  of  vessels  filled  with  fluid  would  be  of  little  use 
in  the  general  economy  unless  there  were  some  means  by  which  the  fluid  could  be 
kept  in  constant  movement.  In  the  first  instance  this  is  accomplished  by  rhythmical 
contractions  of  the  vessel  walls,  but  in  a  short  time  portions  of  the  two  primitive 
stem-vesseLs  which  appear  in  the  embryo  are  modified  into  a  single  propulsive 
organ,  the  heart,  which  forces  the  fluid,  or  blood,  in  a  definite  direction  both 
through  the  body  of  the  embryo,  along  the  body-stalk  or  umbilical  cord,  accord- 
ing to  the  age  of  the  embryo,  and  through  the  vessels  in  the  placental  vilh. 

We  have  now  to  consider  how  the  blood-vessels  and  blood  are  formed. 

Where,  or  how,  the  first  blood-vessels  appear  in  the  human  subject  is  not 
definitely  known,  but  in  other  mammals  they  are  first  seen  outside  the  body  of 
the  embryo  in  the  wall  of  the  yolk-sac.  The  outer  layer  of  the  wall  of  the  yolk- 
sac  consists  of  splanchnic  mesoderm,  and  in  that  part  of  this  layer  which  lies 
nearest  the  primitive  alimentary  canal  a  large  numl)er  of  the  cells  proliferate 
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rapidly  and,   fusing   together,   form   multi-nucleated   maases   of  protoplasm,  the 
"  blood  islands  "  of  Pander. 

Soon  al"ter  their  appearance  the  blood  islands  anastomose  together  by  means  of 
nucleated  processes  which  they  throw  out  on  all  sides,  and  thus  a  nucleated  proto- 
plasmic reticulum  is  formed  in  the  substance  of  the  splanchuie  mesodenn.  The 
region  in  which  this  occurs  ia  known  as  the  vascular  area.  The  solid  nucleated 
reticulum  is  soon  converted  into  a  system  of  anastomosing  canals,  the  primitive 
blood-vessels,  by  the  ap- 
pearance within  it  of 
nimieroua  vacuoles  which 
soon  fuse  together,  whilst 
at  the  same  time  the  nu- 
cleated protoplasm  is  trans- 
formed into  cells.  Theeells 
which  lie  nearest  the  in- 
terior separate  from  each 
other  and  form  the  primi- 
tive blood-corpuscles,  '" 
whilst  those  situated  ex- 
ternally remain  connected 
by  tlieir  margins  and  form 
the  endothelial  walls  of  the 
embryonic  vessels.  The 
lliiid  which  fills  these  first- 
fonned  vessels  in  the  vas- 
cular area  is  probably  de- 
rived either  from  theccelum 
or  from  the  yolk-sac. 

The  primitive  blood- 
corpuacles  are  nucleated 
celb  of  a  reddish  colour; 
while  or  colourless  blood- 
corpuscles  appear  later,  and 
it  is  stated  that  those 
firet  formed  are  developed  fio.  47.— Dbvbi 
in  the  thymus  gland. 

Nucleated  red  cor- 
puscles pereist  and  iuctease 
in  number  till  the  end  of 
the  second  month  of  in- 
trauterine life ;  they  are 
then  gradually  replaced  by 
nun-nucleated  red  corpus- 
cles. Tlie  majority  of  the 
nucleated  red  corpuscles  disappear  long  before  birth,  but  a  few  can  usually  be  found 
in  the  blood  of  the  new-bom  child.  There  is  some  doubt  about  their  ultimate  fate, 
but  it  is  geueraUy  believed  that  their  nuclei  disappear,  and  that  they  are  converted 
into  non -nucleated  corpuscles. 

Directly  after  the  appearance  of  the  blood  islands  iu  the  vascular  area  of  the 
yolk-sac,  and  just  as  the  folding  off  of  the  embryo  commences,  two  short  tubular 
vessels  appear  iu  the  splanchnic  layer  of  the  pericardial  mesoderm.  These  vessels 
at  once  extend  forwards  and  outwards  into  the  extra-embryonic  region  whete  they 
becume  connected  with  the  vessels  of  the  vascular  area ;  they  also  extend  back- 
wards in  the  body  of  the  embryo  beneath  the  protovertebral  somites.  In  the 
majority  of  mammals  they  at  first  terminate  behind,  as  in  front,  on  the  wall  of  the 
yolk-sac,  but  after  a  time  the  main  stems  appear  to  be  continued  along  the  allantoic 
stalk  to  the  placenta,  whilst  they  give  off  branches  to  the  yolk-sac.  It  is  probable 
that  in  the  human  embryo  also,  though  this  has  uot  apparently  been  actually 
observed,  these  main  stem  vessels,  the  primitive  aorta;,  end  at  first  on  the  wall  of 
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the  yolk-sac,  but  on  tlie  fourteenth  day  of  intrauterine  life,  before  the  heart  is 
formed,  the  two  primitive  stem  vessels  pass  backwards  along  the  body-stalk  to  the 
chorion,  their  terminal  branches  entering  the  chorionic  viUi.  As  they  pass  back- 
wards the  primitive  aortfe  give  off  branches  to  the  wall  of  the  yolk-sac.  Thus,  at 
this  period  the  vascular  system  of  the  human  embryo  consists  of  two  longitudinal 
vessels  which  run  parallel  with  each  other,  one  on  each  side  of  the  middle  line, 
throughout  the  whole  length  of  the  embryo.  They  communicate  anteriorly  with 
the  vessels  on  the  yolk-sac,  and  terminate  posteriorly  in  the  chorion.  When  the 
circulation  commences  the  blood  flows  from  the  anterior  part  of  the  vascular  area 
into  the  anterior  ends  of  the  primitive  aortie,  and  passes  backwards  through  the 
embryo.  Some  of  it  is  returned  to  the  vascular  area  by  the  branches  which  are 
given  ofi  to  the  walls  of  the  yolk-sac;  but  the  greater  part  is  carried  to  the 
chorion,  whence  it  returns  by  venous  channels,  the  allantoic  veins,  which  have 
been  developed  in  the  meantime,  to  the  anterior  ends  of  the  primitive  aortse. 

As  the  cephalic  and  caudal  folds  are  developed  the  anterior  and  posterior  parts 
of  the  primitive  aortte  are  carried  into  the  ventral  wall  of  the  body  of  the  embryo, 
and  thus  each  primitive  vessel  is  divisible  into 
three  parts:  (1)  a  dorsal  part,  the  primitive 
dorsal  aorta,  which  extends  from  the  dorsal  end 
of  the  mandibular  arch  to  the  cloaca,  and  runs 
beneath  the  protovertebral  somites ;  (2)  an 
anterior  ventral  part,  situated  in  the  dorsal 
'  wall  of  the  pericardium  and  extending  from 
the  umbihcus  to  the  ventral  end  of  the  man- 
dibular arch ;  and  (3)  a  posterior  ventral  part, 
which  at  first  runs  in  the  ventral  wall  at  the 
side  of  the  cloaca,  and  then  turns  backwards  in 
the  body-stalk  to  the  placenta,  but  afterwards. 
when  the  posterior  part  of  the  ventral  wall  of 
the  body  is  completed,  it  extends  forwards  from 
'*'  the  pelvic  region  to  the  umbilical  orifice,  through 
which  it  passes  to  the  umbilical  cord. 

The  three  sections  are  united  together  by  two 
arches — an  anterior  arch,  the  first  cephalic  aortic 
arch,  which  passes  through  the  mandibular  arch, 
and  a  posterior  arch,  the  caudal  arch,  which  lies 
at  the  side  of  the  cloaca. 

In  a  short  time  four  additional  conmaunica- 
tions  are  formed  between  the  anterior  ventral  and 
the  dorsal  part  of  each  primitive  aorta;  they  are  the  second,  third,  fourth,  and 
fifth  cepbahc  aortic  arches,  each  of  which  lies  in  the  substance  of  the  corresponding 
visceral  arch. 

As  soon  as  the  last  cephalic  aortic  arch  is  developed  the  rudiments  of  the  main 
vessels  of  the  embryo  are  established ;  and  by  a  series  of  transformations,  for  a  full 
account  of  which  the  chapter  which  deals  with  the  Vascular  System  must  be 
consulted,  there  are  formed  from  the  vessels  which  have  been  mentioned  the  heart, 
the  aorta,  the  main  vessels  of  the  head  and  neck,  the  pulmonary  artery  and  its 
primary  bmuches,  the  common  and  internal  iliac  arteries,  and  the  hypogastric  arteriea. 
The  blood  distributed  by  the  various  arteries  is  returned  to  the  heart  by  vessels 
called  veins,  which  are  developed  in  the  substance  of  the  mesoderm  in  the  same 
manner  as.  the  arteries.  From  the  yolk-sac  the  blood  returns  by  the  vitelline 
veins ;  from  the  alimentary  canal  and  its  appendages,  through  the  portal  and  hejtatic 
veins ;  from  the  head  and  neck,  by  the  jugular  veins  and  the  superior  vena  cava ; 
and  from  the  body  and  lower  limbs,  first  by  the  cardinal  veins,  and  afterwards  by 
the  inferior  vena  cava  and  the  azygos  veins. 

The  heart  is  formed  by  the  fusion  of  portions  of  the  anterior  ventral  sections  of 
the  primitive  aortffi  behind  the  origins  of  the  cephalic  aortic  arches,  and,  therefore, 
it  is  primitively  a  bilateral  oi^n.  Subsequently  it  possesses  for  a  time  a  single 
chamber,  but  this  is  afterwards  divided.     During  the  greater  part  of  foetal  life  the 
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heart,  as  in  the  adult,  fxasesses  four  chambers — two  auricles  or  upper  chamberB,  and 
two  ventricles  or  lower  chambers,  right  and  left.  The  two  auricles  communicate 
with  the  corresponding  ventricles  througli  a  uric  iilo- ventricular  apertures,  and  with 
e;ich  other  through  a  foramen,  the  foramen  ovale,  in  the  septum  between  them. 

In  the  adult  the  blood  enters  the  right  auricle  by  the  superior  and  inferior 
venie  cavfe  and  the  coronary  sinus ;  from  the  right  auricle  it  passes  into  the  right 
ventricle,  by  which  it  is  propelled  through  the  pulmonary  arteries  and  lungs;  re- 
turning to  the  heart  by  the  pulmonary  veins  it  passes  into  the  left  auricle,  and 
then  into  the  left  ventricle,  by  the  contraction  of  which  it  is  forced  into  the 
systemic  aorta.  From  the  aorta,  by  various  branches,  it  traverses  the  organs  and 
tissues  of  the  body,  and  is  returned  again  to  the  right  auricle. 

The  course  of  the  foetal  circulation  differs  from  that  of  the  adult ;  the  blood 
passes  out  of  the  body  into  the  placenta,  to  be  oxygenated  and  purified,  the  lungs 
of  the  fcetue  remaining  functionless  until  the  time  of  birth.  Very  little  of  the 
blood  which  is  ejected  from  the  right  ventricle  at  every  contraction  of  that 
chamber  reaches  the  lungs;  the  greater  part  is  transferred  from  the  pulmonary 


Splncf 


Tm.  19. — DiAOiUM  OF  trb  Blood- Vesbils  of  a  MAimALfAti  Embrto  aftbb  the 


artery  to  the  aorta  by  an  anastomosing  channel,  the  ductus  arteriosus,  which 
diiiappears  after  the  pulmonary  circulation  is  established. 

During  the  later  months  of  foetal  life,  blood  enters  the  right  auricle  by  the 
superior  and  inferior  vense  cavae  and  through  the  coronary  sinus;  only  a  small 
amount  of  blood,  viz,  that  returning  from  the  walls  of  the  heart,  enters  the  right 
auricle  through  the  coronary  sioiis.  The  blood  poured  into  the  right  auricle  by 
the  superior  vena  cava  is  returned  from  the  head,  neck,  upper  extremities,  and  the 
thoracic  walls;  passing  from  the  auricle  by  the  right  auricnlo-ventricular  opening 
it  enters  the  right  ventricle;  from  the  right  ventricle  it  is  forced  into  the 
pulmonary  artery,  and  a  small  part  of  it  traverses  the  lungs  and  returns  to  the 
left  auricle  by  the  pulmonary  veins ;  the  main  part,  however,  is  conducted  by  the 
ductus  arteriosus  into  the  aorta  at  a  point  beyond  where  the  main  vessel  of  supply 
to  the  left  upper  extremity,  the  left  subclavian  artery,  rises. 

The  blood  which  enters  the  right  auricle  by  the  inferior  vena  cava  is  mixed ;  it 
conuats  partly  of  purified  blood  from  the  placenta,  and  partly  of  impure  blood 
returning  from  the  abdomen  and  lower  extremities.  The  blood  from  the  placenta 
is  returned  to  the  embryo  by  the  umbihcal  vein.  From  the  umbilical  vein  it  passes 
along  a  channel  called  the  ductus  venosus,  which  terminates  in  the  upper  part  of  the 
inferior  vena  cava.  The  mixed  blood  from  the  inferior  vena  cava  passes  through 
the  right  auricle,  traverses  the  foramen  ovale  in  the  interauricular  septum,  and 


64  GENERAL  EMBRYOLOGY. 

enters  the  left  auricle ;  from  the  left  auricle  it  is  transferred  to  the  left  ventricle 
througli  the  left  auriculo-ventricular  opening,  and  the  left  ventricle  ejects  it  into 
the  aorta.  From  the  first  part  of  the  aorta  some  of  the  blood  passes  into  the 
vessels  which  supply  the  head  and  neck  and  upper  extremities,  the  remainder 
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mixea  with  the  blood  conveyed  to  the  aorta  by  the  ductus  arteriosus,  and  the 
blood,  thus  further  mixed,  is  in  part  distributed  to  the  walls  of  the  thorax  and 
abdomen  to  the  abdominal  viscera  and  to  the  lower  extremities,  and  in  i«irt  it 
passes  to  the  placenta. 

Before  birth,  therefore,  there  is  no  pure  arterial  or  fully  oxygenated  blood  in 
the  arteries  of  the  fietus.  The  blood  entering  the  heart  by  the  superior  vena  cava 
is  venous  blood  from  the  bead,  neck,  upper  extremities,  and  thorax  ;  that  entering 
V  the  inferior  vena  cava  is  mixed  blood,  consisting  of  venous  blood  from  the  lower 
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part  of  the  body  aud  the  lower  extremities,  and  arterial  blood  from  the  placenta. 
The  two  streams  do  not  mix  iii  the  right  auricle,  but  the  mixed  or  more  arterial 
8tr«iin  passes  directly  through  the  right  into  the  left  auricle,  thence  into  the  left 
ventricle,  and  from  the  left  ventricle  into  the  aorta  or  main  Bystemie  vessel,  which 
conveys  it  to  all  parts  of  the  body.  The  different  parts  of  the  body  do  not,  however, 
receive  equally  oxygenated  blood,  for  the  venous  stream  which  enters  tiie  right 
auricle  hy  the  superior  venn  cava,  passes  through  that  cavity  into  the  right  ventricle; 
by  tiie  right  ventricle  it  is  forced  into  the  pulmonary  artery,  from  which  some  small 
l«irt  passes  into  the  lungs,  and  so  back  to  the  left  auricle  by  the  pulmonary  veins, 
imt  by  far  the  greater  part  is  carried  by  the  ductus  arteriosus  to  the  aorta,  which  it 
eoter.s  beyond  the  origins  of  the  vessels  which  supply  the  liead,  neck,  and  upper 
L'lLreuiitiee ;  therefore  the  blood  in  the  lower  part  of  the  aorta,  which  is  distributed 
to  the  abdomen,  the  abdominal  viscera  including  the  liver,  the  lower  liinbs,  and  the 
|ilacenta,  is  much  more  mixed  or  impure  (less  oxygenated)  than  that  which  is  dis- 
tributed to  the  head,  neck,  and  upper  extremities  from  the  upper  part  of  the  aorta. 

SUMMARY   OF   THE   EXTERNAL   FEATURES   OF   THE   HUMAN 
EMBRYO  AT  DIFFERENT  PERIODS  OF  DEVELOPMENT. 

First  week. — The  phenomeua  of  fertiUaation  and  segmentation  have  not  been 
nbcierved  in  the  human  ovum,  but  there  is  do  reason  to  believe  that  they  differ  in  any 
eniential  respect  from  those  met  with  in  the  ova  of  other  maninmls.  FcrtiUsation  prolwibly 
occurs  in  the  u[ipcr  part  of  the  Fallopian  tube,  and  segmentation  is  completed  in  the 
liiwer  part  of  the  same  canal  by  the  sixth  or  eighth  day,  when,  presumably,  the  ovum 
iH.'Comea  a  morula,  and  passeis  either  as  sucli  or  as  a  blastula,  into  the  cavity  of  the  utenii). 

Second  week. — -'^t  the  twelfth  da7  the  ovum  is  embedded  in  the  uterine  wall ; 
it  is  a  lenticular  vesicle,  „ 

wliiuh  measures  5-5  mm.  ^j, 

{\  of  an  inch)  it)  lengthand 
3'3  mm.  (J  of  an  incli)  in 
brt-adth.  It^  upper  and 
lower  surfaces  are  sinooth 
and  convex,  the  latter  (-v 
htin}r  somewhat  flatter 
that)  the  former,  and  it  is 

surrounded      equatorially  A  u  (j 

l,y  a  broad  band  of  villi,  >'"■  51- 

some  of  which  are  shghclv    A.  Humitii  embryo  at  tlia  eml  of  the  12tli  ilsy  of  development ;  H.   At  llie 
branched.        The    wall    of  "'"'  "f  ""«  l^th  day  of  .levdopment ;  C.    At  Ihe  eii.1  of  the  Hth  My  of 

the  vesicle  aud  the  villous  ■'"'^'"P™*"-    (Af^^  Hi«0 

i.,vi..™.ano      u.l.L.h     Tivnlnni    AM.   AiimioD  ;  AS,  Allantoic  atnik  ;  B8.  Body-atalk  ;  CV.  (.liorinnic  villi  on 

pr.xoMe9    « niLh    project  ^  ^  ^^  ^^^  ^^^^_^    ^   ^^         .  ^    ^^^^  ^^  ^^  ^^  p^^.^ 

fn.m   It    consist   of    ecto-  ^„,;.,  „^^^  .  ^_  stodmtod.eal  di^pre-aion  ;  VS.  Yolk.«sc. 

aennal  cells,  and   in  the 

embryonic  area,  which  is  clearly  marked  on  the  upper  surface,  there  is  an  inner  layer 
iif  granular  nucleated  corpuscles. 

By  the  end  of  the  twelfth  or  the  beginning  of  the  thirteenth  day  the  length  of  the 
nv II m  has  increased  to  6  mm.  (\  inch),  and  ibi  breadth  to  4 -5  mm.  (J  inch).  The  embryonic 
urea  is  no  longer  on  the  surface  of  the  ovum,  forthe  amnion  folds  have  closed.  The  yolk- 
wc  is  formed,  and  the  rudiment  of  the  allantoic  duct  projects  backwards  from  the  upper 
and  posterior  part  of  the  embryonic  area.  Mesoderm  has  formed,  and  it  has  extended 
round  the  yolk-sac  and  over  the  inner  surface  of  the  chorion.  The  embryonic  area,  with 
the  yolk-sac  and  the  amnion,  are  enclosed  within  the  blastoderm,  but  they  remain 
attached  to  the  inner  surface  of  the  chorion  by  a  relatively  thick  stalk  of  ectodermal  and 
me«xlermal  tissue,  the  l>ody-stalk,  which  is  subsequently  replaced  by  the  umbilical  cord. 
The  outer  surface  of  the  ovum,  which  now  consists  entirely  of  chorion,  is  covered  with 
^mal)  villi  into  some  of  which  mesodermal  cores  arc  projecthig. 

Obviously  the  ovum  of  the  latter  part  of  the  twelfth  day  differs  considoral)ly  from 
th»t  of  tlic  earlier  part  of  the  same  day,  but  the  transitional  stages  which  intervene 
between  the  two  have  not  yet  been  observed.  Probably,  however,  the  inner  granular 
layer  of  cells  in  the  embrj-onic  area,  which  represent  the  entoderm,  increase  and  form  a 
solid  mass  in  which  a  cavity  soon  appears.  Directly  after  the  formation  of  tiie  cavity  in 
the  entoderm  the  primitive  streak  appears,  and  the  mesoderm,  growing  from  it,  rapidly 
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covers  tlie  eiitodermal  sac  and  Bpreada  over  the  iniior  surface  of  tlie  clioriotiic  area.  -At 
the  same  lime  the  amniotic  folds  form  and  separate  from  the  cliorion,  but  tliia  scparaticm  is 
not  cfteeted  till  tlie  mesoderm,  extending  backwards  from  the  posterior  end  of  the  cnibrvouic 
area,  hujj  reached  and  becomes  connected  with  tlieinnersurfaccof  the  chorion.  Consequcntlj, 
when  the  amniotic  folds  fuse  together  and  separate  from  the  remainder  of  the  blastoderui. 
the  embryonic  area  with  the  yolk-sac  and  amnion  still  remain  utUiclied  to  the  iiiiKT 
surface  of  the  cliorion. 

During  tlie  thirteentli  day  the  cmbrj'onic  area  is  elevated,  the  cephalic  and  cuuchil 
folds  are  developed,  and  the  pericardia.1  region  becomes  promiTient  between  the  heiul 
extremitj-  of  the  embryo  and  tlic  upper  and  anterior  part  of  the  yolk-sac.  Tht  nonral 
grnoveand  the  neural  folds  appear;  the  posterior  ends  of  the  folds  cnihnuje  the  anterior 
extremity  of  the  |>rimitive  streak  on  which  the  primitive  groove  is  formed.  At  tlu' 
anterior  end  of  the  primitive  groove  a  neiirCTiteric  canal  appears,  forming,'  a  commnnicatinii 
between  the  neural  groove  and  the  posterior  end  of  the  primitive  alimentary  canal 

On  the  fourteenth  day  the  embryo  is  more  distinctly  separated  from  the  yolk-sac  ;  thi; 
head  increases  considembly  in  size,  and  its  anterior  part  is  bent  downwards.  The  f«)sterii)r 
{>art  of  the  neural  canal  is  completed,  except  at  the  extreme  end,  by  the  meeting  and  fusion 
of  the  neural  folds,  but  it  ia  still  open  anteriorly,  where  traces  of  the  cerebral  vesicles  iire 
present.  The  two  halves  of  the  heart  fuse  tf'gether  ;  the  single  tnbe  thus  fomicd  is 
slightly  bent  upon  itself,  and  its  outline  is  visible  from  the  exterior.  The  pericardial 
region  increases  in  size,  and  a.  distinct  stomatodical  space  appears  between  it  and  tin' 
anterior  part  of  the  head.  The  outlines  of  fourteen  protoverU'lSral  somites  are  visible  on 
the  outer  surface  of  the  bodv. 


D  K 

F:ci.  h-i. 

D.  Hiunmi  embryo  at  tl.e  aist  ,l»j-  of  dev..loi.me«t 
F.  At  the  27th  day  of  ilevrln|>i 
AS.  AlUntoic  stalU  :  BS.  Body-»U1k  ;  CV.  CTiorionic  villi  o.i  n  aegraent  of  the  chorion  ;  EY.  Eye  ;  Kl,.  fon- 
limb:  H.  Head;  HA.  Hyoiil  arch  ;  HL.  HimMinib :  MA.  MBadibiilnr  arah  ;  MB.  Mid-lirsin  :  MP. 
Msiilliiry  prowSB  ;  OP.  Olfactory  (rit ;  0\'.  Otic  vesicle  ;  PR.  Perieanlinl  region  ;  PS.  Protovert.liriiJ 
•oniite  i  Hi.  Stoiuato.lBal  ii|)ace  ;  UC.  I) in biliciil  uonl  ;  VC,  \'lsceral  cleft  ;  \VB.  Wolffian  tidg.'  i  Y>, 
Yolk-sac. 

Third  week. — On  the  flfteestta  day  the  auditory  pits  and  two  visceral  clefts 
appear.  The  head  and  pericardial  regioii  enlarge,  and  tiie  Htomatoda;nl  space,  wliicli 
increases  simultaneously.  Incomes  more  defined  laterally  by  the  forword  growth  of  tin' 
maxillary  processes. 

By  the  end  of  the  third  week  Wolffian  ridges  appear  lielow  the  ventral  ends  i)f  tin' 
proto vertebral  somites ;  they  arc  most  marked  in  tlie  thoracic  an<l  pelvic  regions,  wliort' 
bud-like  projections  form  the  rudiments  of  tlic  limbs.  Four  visceral  cleft«  are  visible,  anil 
there  is  a  distinct  tail. 

Fourth  week.  — The  embryo  is  cnrve<l  upon  itself,  and  its  outline  is  al»n>-i 
circular.  The  visceral  arches  begin  to  overlap  each  other.  The  rudiments  of  the  extenisl 
ear  are  just  visible  as  small  nodules.     The  limb  nidinients  are  fiat,  oval  buds. 

Fifth  week.^The  curvature  is  dimhiishe<l,  and  the  head  and  neck  form  aljout 
half  the  embryo.  I'be  eye  is  reci^nisable  externally.  The  nose  begins  to  grow  forwanls. 
but  it  is  still  broad  and  flat,  and  the  nostrils  are  widely  apart  The  noibilar  elements  "f 
the  external  car  fuse  together.  The  segments  of  the  limbs  are  defined,  but  the  digits  do 
not  project  beyond  the  ends  of  the  linib-bnds.  The  genital  t\ibercle,  the  rudiment  of  tlie 
external  generative  organs,  is  formed. 

Sixth  week. — During  the  sixth  week  the  increase  in  size  is  less  rapid  than  in 
'revious  stages,  but  tbe  embryo  begins  to  assume  a  more  distinctly  human  form.     I'lu' 
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(  relatively  large  aud  it  ia  bent  at  right  angles  to  the  body.     The  neck  is 
r  deRued  aud  appears  as  a  contitricted  region  between  the  head  and  trunk.     The 


Flo.  53. 
li.   Hiinuin  eiiiliryoBttleaatli  day  of  developiiieiit  ;  H.   At  tlie  83nd  day  of  devrlopmeiit.     (After  His.) 
:  Ku'limtatofean  EY.  Eve;  FL.  Fora-liiub  :  KA.  Hyoid  arch  ;  HL.  Hind-limU ;  MA.  MaDdibular  aith 
MB.    Midbrain;  MP.    MniilUry  proce« ;  OP.   Olfactoiy  pit :  PR.   Pericardial  ravioli  ;   DC.   UiuUliee 


lillury  proceeses  fnae  with  the  lateral  naaul  processea,  and  the  lips  and  eyelids  begin  to 
lime  their  chanusteriKtic  form.  The  enter  partii  of  all  the  viaceral  clefts  except  the 
>inandibular  di3ap[>ear.     The  extenial  ear  acquires  its  adult  fomi.     The  rotation  of 


(After  His.) 
I.   Digit*  :  KE.   Radiment  of  ««r  ;  FL.   Fore- 


iW  limbs  comincncea,  and  the  fingers  reach  the  extremity  of  the  hand  ;  the  tail  is 
bqxinning  to  disappear  as  an  external  projection. 

Seventh  week- — The  flcxui-e^ot  the  head  u])oii  the  body  is  reduced.  The  nose 
IirojoctH  more  than  in  the  preceding  stage,  and  the  chin  appears.  The  toes  reach  the 
luHrgins  of  the  feet,  and  the  projecting  portion  of  the  tail  is  still  further  reduced  in  length. 

Eig;hth   week.  —  The    flexure    of    the    head    disappears.     The    forehead    projects. 
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The  nose  narrows  and  becomes  more  prominent,  but  the  anterior  nasal  orifices  are  still 
directed  forwards.  The  upper  lip  is  completed  by  the  fusion  of  the  globular  processes. 
The  thumb  is  widely  separated  from  the  fingers,  and  the  hand  assumes  a  distinctly 

human  appearance.  The  tail  is  reduced  to  a  small 
nodule,  and  the  umbilical  cord  is  attached  to  the 
lower  part  of  the  abdominal  wall.  At  the  end  of 
the  second  month  the  total  length  of  the  foetus, 
excluding  the  legs,  is  28  mm.  {l^  in.). 

Third  month.  —  The  head  grows  less 
rapidly  and,  though  it  is  still  large,  it  is  relatively 
smaller  in  proportion  to  the  whole  body.  The 
eyelids  close,  and  their  margins  fuse  together. 
The  neck  increases  in  length.  The  various  partes 
of  the  limbsassume  theirdefinite  proportions,  and 
nails  appear  on  the  fingers  and  toes.  The  proctr>- 
dseum  is  formed  and  the  external  generative  organs 
are  differentiated,  so  that  the  sex  can  be  distin- 
guished on  external  examination.  The  skin  is  a 
rosy  colour,  thin  and  delicate,  but  more  consistent 
than  in  the  preceding  stages.  By  the  end  of  the 
third  month  the  total  length  of  the  foetus,  ex- 
cluding the  legs,  is  7  cm.  (2  |  in.),  including  the 
legs,  9-10  cm.  (3J-4  in.),  and  it  weighs  fn)m 
100-126  grammes  (3^-4*  oz.). 

Fourth  month. —  In  the  fourth  month 
the  skin  becomes  firmer,  and  fine  hairs  are  de- 
veloped. The  disproportion  between  the  fore 
and  hind  limbs  disappears.  If  the  foDtus  is  bom 
at  this  period  it  may  live  for  a  few  hours.  Its 
total  length  from  vertex  to  heels  is  16-20  cm.  (6':-S 
in.),  from  vertex  to  coccyx  12-13  cm.  (4  J -5  J  in.), 
and  it  weighs  from  230-260  grammes  (8^-91  oz.). 
Fifth  month. — The  skin  becomes  firmer, 
the  hairs  are  more  developed,  and  sebaceous 
matter  appears  on  the  surface  of  the  body.  The 
legs  are  longer  than  the  arms,  and  the  umbilicus 
is  farther  from  the  pubis.  At  the  end  of  the 
month  the  total  length  of  the  foetus,  from  vertex 
to  heels,  is  25-27  cm.  (10-10 J  in.),  from  vertex  to  coccyx  20  cm.  (8  in.),  and  its  average 
weight  is  about  half  a  kilogramme  (l^\j^  lbs.). 

Sixth  month. — The  skin  is  wrinkled  and  of  a  dirty  reddish  colour.  The  haii-s 
are  stronger  and  darker.  The  deposit  of  sebaceous  matter  iis  greater,  especially  in  the 
axil  lee  and  gi-oins.  The  eyelashes  and  eyebrows  appear.  At  the  end  of  the  month  the 
total  length  of  the  foetus,  from  vertex  to  heels,  is  from  30-32  cm.  (12-12^  in.),  and  its 
average  weight  is  about  one  kilogramme  (2|  lbs.). 

Seventh  month.  —  The  skin  is  still  a  dirty  red  colour,  but  it  is  lighter  than 
in  the  previous  month.  The  body  is  more  plump  on  account  of  a  greater  deposit  of  sub- 
cutiineous  fat.  The  eyelids  reopen,  and  the  foetus  is  capable  of  living  if  born  at  this 
period.  Its  total  length  at  the  end  of  the  month,  measured  from  vertex  to  heels,  is  35-30 
cm.  (14-14|  in.),  and  its  weight  is  about  one  and  a  half  kilogrammes  (3^  lbs.). 

Eig^hth  month. — The  skin  is  completely  covered  with  sebaceous  deposit  which 
is  thickest  on  the  head  and  in  the  axillae  and  groins,  and  its  colour  changes  to  a  britrht 
ficsh  tint.  The  umbilicus  is  farther  from  the  pubis,  but  it  is  not  yet  at  the  centre  of  the 
body.  The  total  length  of  the  foetus,  from  vertex  to  heels,  is  40  cm.  (16  in.),  and  its  weight 
varies  from  2  to  2§  kilogrammes  (4J-5i  lbs.). 

Ninth  month.  —  The  hair  begins  to  disappear  from  the  body,  but  it  remains 
long  and  abiuidant  on  the  head.  The  skin  becomes  paler,  the  plumpness  increases,  and 
the  umbilicus  reaches  the  centre  of  the  body.  At  the  end  of  the  ninth  month,  when  tlie 
foetus  is  born,  it  measures  about  50  cm.  from  vertex  to  heels  (20  in.),  and  it  weighs  fn)m 
3-3  J  kilogrammes  (61*0-7^^^  lbs.). 

The  age  of  a  foetus  may  be  estimated  approximately  by  Hasse's  rule,  viz.  Up  to  the  fifth 

month  the  length  in  centimeters,  the  lower  hmbs  being  included,  equals  the  square  of  the  age 

"\  months,  and  after  the  fifth  month  the  length  in  centimeters  equals  the  age  multiplied  by  five. 


Fig.  56. — Human  Fietus  eioht  and  a  half 
WERKS  OLD.     (After  His.) 

GE.  Genital  eminence  ;  UC.   Umbilical  cord. 
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THE  SKELETON. 

By  Arthur  Thomson. 

The  term  skeleton  (from  the  Greek,  (tkcXctos,  dried)  is  applied  to  the  parts  which 
remain  after  the  softer  tissues  of  the  body  have  been  disintegrated  or  removed, 
and  includes  not  only  the  bones,  but  also  the  cartilages  and  ligaments  which  bind 
them  together.  In  the  restricted  sense  of  the  word  the  skeleton  denotes  the 
OHseous  framework  of  the  body.  It  is  in  this  sense  that  it  is  generally  employed  in 
human  anatomy. 

The  skeleton  serves  to  support  the  softer  structures  which  are  grouped  around 
it,  and  also  attbrds  protection  to  many  of  the  delicate  organs  which  are  lodged 
within  its  cavitiea  By  the  articulation  of  its  several  parts,  its  segments  are  con- 
verted into  levers  which  constitute  the  passive  portion  of  the  locomotory  system. 
Kecent  research  has  also  proved  that  certain  cells  found  in  bone -marrow  are 
intimately  associated  with  the  development  and  production  of  some  of  the 
corpuscles  of  the  blood. 

Bone  may  be  regarded  as  white  fibrous  tissue  which,  having  become  calcified, 
has  undergone  subsequent  changes,  so  as  to  be  converted  into  true  osseous  tissue. 
Most  probably  all  bone  is  of  membranous  origin,  but  it  may  pass  through  a  stage 
in  which  cartilage  plays  an  important  part  in  its  development.  In  many  instances 
the  cartilage  persists,  and  is  not  converted  into  bone,  as  in  the  case  of  the  articular 
cartilage  which  clothes  the  joint  surfaces,  the  nasal  septum,  the  cartilages  of  the 
nose,  and  the  cartilages  of  the  ribs.  A  persistence  of  the  membranous  condition 
is  met  with  in  man  in  the  case  of  the  tentorium  cerebelli,  which  in  some  groups 
of  animals  (Camivora)  is  converted  into  a  bony  partition. 

Skeletal  structures  may  be  derived  from  each  of  the  three  layers  of  the 
trilaminar  blastoderm.  The  ezo-skeleton  includes  structures  of  ectodermal,  and 
some  of  mesodermal  origin  in  the  shape  of  hair,  nails,  feathers,  teeth,  scales,  armour- 
plates,  etc.,  whilst  the  endo-skeleton,  with  which  we  are  more  particularly  concerned, 
is  largely  derived  from  the  mesoblastic  tissue,  but  also  includes  the  notochord,  an 
entodermal  structure  which  forms  the  primitive  endo-skeleton,  around  which  the 
axial  skeleton  is  subsequently  developed  in  the  Vertebrata.  The  endo-skeleton  is 
divisible  into  an  axial  portion,  appertaining  to  the  trunk  and  head,  and  an  appen- 
dicular part  associated  with  the  limbs.  It  also  includes  the  splanchnic  skeleton, 
which  comprises  certain  bones  developed  in  the  substance  of  some  of  the  viscera, 
such  as  the  os  cordis  and  os  penis  of  certain  mammals.  In  man,  perhaps,  the 
cartilaginous  framework  of  the  trachea  and  bronchi  may  be  referred  to  this 
system. 

The  number  of  the  bones  of  the  skeleton  of  man  varies  according  to  age. 
Owing  to  a  process  of  fusion  taking  place  during  growth,  the  number  in  the  adult 
is  less  than  the  number  in  the  child.  The  following  table  does  not  include  the 
sesamoid  bones  which  are  frequently  developed  in  tendons,  the  most  constant 
ossicles  of  this  description  being  those  in  relation  to  the  metacarpo-phalangeal 
joint  of  the  thumb,  and  the  metatarso-phalangeal  joint  of  the  great  toe. 
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The  table  represents  the  number  of  bones  distinct  and  separable  during  adult 


Axial  skeleton 


Ap[)eiKli(niliir  skeleton 
The  ossicles  of  the  ear 


Single  Bones. 

l*iiirH. 

Toul 

'The  vertebral  column 

20 

•  •  » 

26 

The  skull  . 

6 

8 

22 

The  stenuim 

1 

•  ■  • 

1 

The  ribs    . 

■  ■  • 

12 

24 

The  hyoid  bone 

1 

•  •  • 

1 

/  The  upper  limbs    . 

1                    ■  «  ■ 

32 

64 

[The  lower  limbs 

■  ■  • 

31 

62 

•                           •                           ■                           i 

•  «  • 

3 

0 

34 


86 


206 


Bones  are  often  classified  according  to  their  shape.  Thus  long  bones,  that 
is  to  say,  bones  of  elongated  cylindrical  form,  are  more  or  less  characteristic  of 
the  limbs.  Broad  or  flat  bones  are  plate-like,  and  serve  as  protective  coverings  to 
the  structures  they  overlie ;  the  bones  of  the  cranial  vault  display  this  particular 
form.  Other  bones,  such  as  the  carpus  and  tarsus,  are  termed  short  bones  ;  whilst 
the  bones  of  the  cranial  base,  the  faue,  and  the  vertebrae,  are  frequently  referred  to 
as  irregular  bones. 

Various  descriptive  terms  are  applied  to  the  prominences  commonly  met  with 
on  a  bone,  such  as  tuberosity,  eminence,  protuberance,  process,  tubercle,  $pi?ie, 
ridge,  crest,  and  line.  These  may  be  articular  in  their  nature,  or  may  serve  as 
points  or  lines  of  muscular  and  ligamentous  attachment.  The  surface  of  the  bone 
may  be  excavated  into  pits,  depressions,  fossce,  cavities,  furrows,  grooves,  and 
notches.  These  may  be  articular  or  non-articular,  the  latter  serving  for  the  recep- 
tion of  organs,  tendons,  ligaments,  vessels,  and  nerves.  In  some  instances  the 
substance  of  the  bone  is  hollowed  out  to  form  an  air  space,  sinus,  or  antrum. 
Bones  are  traversed  hj  foramina  and  canals ;  these  may  be  for  the  entrance  and  exit 
of  nutrient  vessels,  or  for  the  transmission  of  vessels  and  nerves  from  one  region  to 
another.  A  cleft,  hiatus,  or  fissure  serves  the  same  purpose.  Channels  of  this  kind 
are  usually  placed  in  the  line  of  a  suture,  or  correspond  to  the  line  of  fusion  of  the 
primitive  portions  of  the  bone  which  they  pierce. 

Gomposition  of  Bone. — Bone  is  composed  of  a  combination  of  organic  and 
inorganic  substances  in  about  the  proportion  of  one  to  two. 


Organic  matter  (Fat  Collagen)  . 
Mineral  matter — 

•                           • 

31-04 

Calcic  phosphate  .              .              .              . 
Calcic  carbonate    .              .'              .              . 

58-231 
7-32 

Calcic  fluoride       .              .              .              . 

1-41 

68-97 

Magnesic  phosphate 
Sodic  chloride        .             . 

1-32 
•69 

• 

100-00 

The  animal  matter  may  be  removed  by  boiling  or  charring.  According  to  the 
completeness  with  which  the  fibrous  elements  have  been  withdrawn,  so  the  brittle- 
ness  of  the  bone  increases.  When  subjected  to  high  temperatures  the  earthy 
matter  alone  remains.  By  soaking  a  bone  in  acid  the  salts  may  be  dissolved  out, 
leaving  only  the  organic  part.  The  shape  of  the  bone  is  still  retained,  though  it 
has  now  become  soft,  and  can  be  bent  about  in  any  direction. 

Bone  may  be  examined  either  in  the  fresh  or  dry  condition.  In  the  former 
state  it  retains  all  its  organic  parts,  which  include  the  fibrous  tissue  in  and  around 
it,  the  blood-veasels  and  their  contents,  together  with  the  cellular  elements  found 
within  the  substance  of  the  bone  itself,  and  the  marrow  which  occupies  the  lacunar 
spaces  and  maiTovv  cavity.  In  the  dried  or  macerated  bone  most  of  these  have 
disappeared,  though  a  considerable  portion  of  the  organic  matter  still  remains, 
even  in  bones  of  great  antiquity  and  in  a  more  or  less  fossil  condition.  Con- 
sidering its  nature  and  the  amount  of  material  employed,  bone  ijossesses  a  remark- 
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able  strength,  equal  to  nearly  twice  that  of  oak,  whilst  it  is  capable  of  resisting  a 
greater  crushing  strain  ;  it  is  stated  that  a  cubic  inch  of  bone  will  support  a  weight 
of  over  two  tons.  Its  elasticity  is  remarkable,  and  is  of  the  greatest  service  in 
enabling  it  to  withstand  the  shocks  to  which  it  is  so  frequently  subjected.  In 
regions  where  wood  is  scarce  the  natives  use  the  ribs  of  large  mammals  as  a  sub- 
stitute in  the  construction  of  their  bows.  Its  hardness  and  density  vary  in  different 
parts  of  the  skeleton,  and  its  permanency  and  durability  exceed  that  of  any  other 
tijft^ue  of  the  body,  except  the  enamel  and  dentine  of  the  teeth.  The  osseous  remains 
of  a  race  over  eighty  centuries  old  is  now  being  excavated  in  Egypt. 

Structure  of  Bone. — The  structure  of  the  bone  varies  with  the  Ibrm  of  the 
bone  examined.  If  a  long  bone  be  studied  in  section,  the  shaft  or  diaphysia  is  seen 
to  be  hollow,  displaying  a  cavity  of  elongated  shape,  which  contains  the  soft 
cellular  marrow.  Aroxmd  this,  the  bone  is  deposited  in  spicules  so  as  to  form  a 
loose  osseous  meshwork,  which  becomes  denser  as  it  reaches  the  circumference,  and 
gradually  merges  with  the  compact  layer  which  forms  the  outer  investing  envelope. 
The  extremities  of  the  bone,  usually  developed  from  separate  or  secondary  centres 
called  epiphyses,  are  composed  of  cancellous  tissue,  usually  liner  in  the  grain  and 
not,  as  a  rule,  displaying  any  medullary  cavity.  Here  the  confining  shell  of  bone 
is  thin,  and  displays  none  of  the  stoutness  which  is  so  characteristic  of  the  outer 
layers  in  the  shaft.  In  the  recent  condition,  the  extremities  are  cartilage-covered 
where  they  enter  into  the  formation  of  joints.  In  flat  bones  the  osseous  tissue  is 
(Usposed  in  two  compact  layers,  with  a  layer  of  softer  cancellous  bone,  here  called 
tiie  diploe,  sandwiched  in  between.  There  is  no  medullary  cavity,  although  in  certain 
regions  the  substance  of  the  diploe  may  be  absorbed,  thus  forming  air-spaces  or  air- 
sinnses. 

True  l>one  differs  from  calcified  cartilage  or  membrane  in  that  it  not  merely 
consists  of  the  deposition  of  earthy  salts  within  its  matrix,  but  displays  a  definite 
arrangement  of  its  organic  and  inorganic  parts.  Dense  bone  merely  differs  from 
loose  or  cancellous  bone  in  the  compactness  of  its  tissue,  the  characteristic  feature 
of  which  is  the  arrangement  of  the  osseous  lamellae  to  form  what  are  called 
Haversian  systems.  These  consist  of  a  central  or  Haversian  canal  which  contains 
the  vessels  of  the  bone.  Around  this  the  osseous  lamells  are  arranged  con- 
centrically, separated  here  and  there  by  interspaces  called  lacunae,  in  which  the 
lK)ne  corpuscles  are  lodged.  Passing  from  these  lacunae  are  many  fine  channels 
c«dled  caoialiculL  These  are  disposed  radially  to  the  Haversian  canal,  and  pass 
through  the  osseous  lamellae.  They  are  occupied  by  the  slender  processes  of  the 
bone  corpu8cle&  Each  Haversian  system  consists  of  from  three  to  ten  concentric 
rings  of  osseous  lamellae. 

In  addition  to  the  lamellie  of  the  Haversian  systems  there  are  others  whicli  are 
termed  the  interstitial  lamellaB;  these  occupy  the  intervals  between  adjoining 
Haversian  systems,  and  consist  of  Haversian  systems  which  have  undergone  a  process 
of  partial  absorption.  Towards  the  surface  of  the  bone,  and  subjacent  to  the  peri- 
osteal membrane  which  surrounds  the  shaft,  there  are  lamellae  arranged  circum- 
ferentially;  these  are  sometimes  referred  to  as  the  outer  fundamental  lamellsB. 
The  periosteal  membrane  which  surrounds  the  bone,  and  which  plays  so  important 
a  part  in  its  development,  sends  in  processes  through  the  various  Haversian  systems, 
which  carry  with  them  vessels  and  cells,  thus  forming  an  organic  meshwork 
aroimd  which  the  earthy  salts  are  deposited. 

The  interior  of  the  bone,  viz.  the  marrow  cavity,  and  the  interspaces  within  the 
cancellous  tissue,  as  well  as  some  of  the  larger  Haversian  canals,  are  occupied  by 
the  marrow  or  medulla  of  the  bone.  This  varies  considerably  in  its  composition  in 
'lifferent  lK)nes.  In  the  medullary  cavity  of  the  shafts  of  the  long  bones  it  consists 
uiainly  of  fat  cells,  together  with  a  few  marrow  cells  proper,  supported  by  a  kind 
of  retiform  tissue,  and  is  known  as  the  yellow  marrow.  In  other  situations,  viz. 
in  the  diploe  of  the  cranial  bones,  in  the  cancellated  tissue  of  the  epiphyses  of  the 
long  bones,  the  vertebrae,  the  sternum,  and  the  ribs,  the  marrow  is  more  fluid  in  its 
consistence,  contains  less  fat,  but  is  characterised  by  the  presence  of  marrow-cells 
proper,  which  resemble  in  some  respects  colourless  blood  coi'puscles.  In  addition 
to  these,  however,  there  are  smaller  reddish  coloured  cells,  akin  to  the  nucleated  red 
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corpuscles  of  the  blood  of  the  embryo.  It  is  these  cells  (erythroblasts)  which  are 
concerned  in  the  formation  of  the  coloured  corpuscles  of  the  blood.  Marrow  which 
displays  these  characteristic  appearances  is  distinguished  from  the  yellow  variety 
already  described  by  being  called  the  red  marrow.  In  the  diploe  of  the  cranial 
bones  of  aged  individuals  the  marrow,  which  has  undergone  degenerative  changes, 
is  sometimes  referred  to  as  the  gelatinons  marrow. 

Apart  from  the  adaptation  of  form  rendered  necessary  by  the  use  to  which  the 
bone  is  put,  external  influences  are  seen  to  react  upon  the  intimate  structure  of 
the  bone  itself.  Thus,  if  sections  of  different  bones  be  made,  the  structural  arrange- 
ment of  their  cancellous  and  dense  tissue  is  seen  to  vary.  In  long  bones  the  walls 
of  the  shaft  are  thick  and  strong,  more  particularly  towards  the  concave  side  if  the 
shaft  happens  to  be  bent.  The  marrow  cavity — ^largest  towards  the  centre — 
gradually  tapers  towards  the  extremities,  being  encroached  upon  by  the  surround- 
ing cancellous  tissue,  which  is  disposed  in  lines  converging  towards  the  extremities^ 
like  the  sides  of  a  vaulted  arch,  thereby  forming  platforms  on  which  the  epiphyses 
are  supported.  The  surfaces  of  these  platforms  are  not  smooth,  but  so  arranged 
as  best  to  withstand  the  strain  to  which  the  epiphyses  are  habitually  subjected. 
Such  provision  is  necessary  in  order  to  obviate  the  tendency  to  separation,  wliich 
might  otherwise  occur  prior  to  the  complete  osseous  union  of  the  diaphysis  with 
the  epiphysis.  In  the  epiphysis  itself  the  arrangement  of  the  fibres  of  the 
cancellous  tissue  is  determined  by  the  disposition  of  the  articular  surfaces.  The 
osseous  lamellae,  as  a  rule,  are  disposed  at  right  angles  to  the  planes  of  the  articular 
facets,  whilst  they  are  bound  together  by  other  lamellse  arranged  conformably  with 
these  articular  planes.  The  former  correspond  to  the  direction  of  greatest  pressure, 
whilst  the  latter  agree  with  the  lines  of  greatest  tension.  In  cases  where  there  is 
an  outstanding  process  projecting  from  the  shaft,  as,  for  example,  the  head  and 
neck  of  the  femur,  a  section  of  the  bone  displays  a  bracket-like  arrangement  of  the 
osseous  fibres  of  the  cancellous  tissue,  which  assists  materially  in  strengthening  the 
bone. 

Ossification  and  Growth  of  Bones. — For  an  account  of  the  earlier  development 
of  the  skeleton  the  reader  is  referred  to  the  section  on  Embryology.  Concerning  the 
subsequent  changes  which  take  place,  these  are  dependent  on  the  conversion  of  the 
scleratogenous  tissue  into  membrane  and  cartilage.  A  characteristic  of  this  tissue 
is  that  it  contains  elements  which  become  formed  into  bone-producing  cells,  called 
osteoblasts.  These  are  met  with  in  the  connective  tissue  from  which  the  membrane 
bones  are  formed,  whilst  they  also  appear  in  the  deeper  layers  of  the  investing 
tissue  of  the  cartilage  (perichondrium),  and  so  lead  to  its  conversion  into  the  bone- 
producing  layer  or  periosteum.  All  true  bone,  therefore,  may  probably  be  regarded 
as  of  membranous  origin,  though  its  appearance  is  preceded  in  some  instances  by 
the  deposition  of  cartilage ;  in  this  case  calcification  of  the  cartilage  is  an  essential 
stage  in  the  process  of  bone  formation,  but  the  ultimate  conversion  into  true  bone, 
with  characteristic  Haversian  systems,  leads  to  the  absorption  and  disappearance  of 
this  primitive  calcified  cartilage. 

Membrane  bones  are  such  as  have  developed  from  fibrous  tissue  without 
having  passed  through  a  cartilaginous  stage.  Of  this  nature  are  the  bones  of  the 
cranial  vault  and  the  majority  of  the  bones  of  the  face,  viz.  the  superior  maxilla', 
malars,  nasals,  lachrymals,  and  palate  bones,  as  well  as  the  vomer.  The  internal 
pterygoid  plate  is  also  of  membranous  origin. 

Cartilage  bones  are  those  which  are  preformed  in  cartilage,  and  include  most 
of  the  bones  of  the  skeleton.  Their  growth  is  often  described  as  endochondral 
and  ectochondral,  the  former  term  implying  the  deposition  of  membrane  bone  in 
the  centre  of  the  cartilage,  while  the  latter  signifies  a  deposit  of  membrane  bone  ou 
the  surface  of  the  cartilage,  the  osteogenetic  layer  on  the  surface  of  the  cartilage 
being  called  the  perichondrium  till  once  bone  has  been  formed,  when  it  is  called 
the  periosteum. 

In  the  course  of  the  development  of  a  bone  from  membrane,  as,  for  example, 
the  parietal  bone,  the  fibrous  tissue  corresponding  to  the  position  of  the  primary 
centre  becomes  osteogenetic,  because  here  appear  the  bone-forming  cells  (osteoblasts), 
which  rapidly  surround  themselves  with  a  bony  deposit  more  or  less  spicular  in 
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arrangement.  As  growth  goes  on  these  osteoblasts  become  embedded  in  the  ossify- 
ing matrix,  and  remain  as  the  corpuscles  of  the  future  bone,  the  spaces  in  which 
they  are  lodged  corresponding  to  the  lacunte  and  canaliculi  of  the  fully  developed 
osseous  tissue.  From  the  primary  centre  ossification  spreads  eccentrically  towards 
tlie  margins  of  the  bone,  where  ultimately  the  sutures  are  formed.  Here 
the  growth  rendered  necessary  by  the  expansion  of  the  cranium  takes  place 
through  the  agency  of  an  intervening  layer  of  vascular  connective  tissue  rich  in 
ostooblaats ;  but  in  course  of  time  the  activity  of  this  is  reduced  until  only  a  thin 
layer  of  intermediate  tissue  persists  along  the  line  of  the  suture ;  this  may  eventu- 
ally become  absorbed,  leading  to  the  obliteration  of  the  suture  by  the  osseous  union 
ot  the  contiguous  bonea  Whilst  the  expansion  of  the  bone  in  all  directions  is 
thus  provided  for,  its  increase  in  thickness  is  determined  by  the  activity  of  the 
underlying  and  overlying  strata.  These  form  the  periosteum,  and  furnish  the 
LiniellaB  which  constitute  the  inner  and  outer  compact  osseous  layers. 

In  a  cartilage  bone  changes  of  a  similar  nature  occur.  The  cartilage,  which  may 
be  regarded  histologically  as  white  fibrous  tissue  +  chondro-sulphuric  acid  and  a 
certain  auioimt  of  lime  salts,  undergoes  the  following  changes : — First,  the  cartilage 
cells  being  arranged  in  rows,  become  enlarged ;  secondly,  the  matrix  between  the 
cartilage  cells  becomes  calcified  by  the  deposition  of  an  additional  amount  of  lime 
Halts ;  thirdly,  the  rows  of  cells  become  confluent ;  and,  fonrthly,  into  the  spaces  so 
formed  extend  the  blood-vessels  derived  from  the  vascular  layer  of  the  periosteum. 
Accompanying  these  vessels  are  osteoblasts  and  osteoclasts,  the  former  building  up 
true  l>one  at  the  expense  of  the  calcified  cartilage,  the  latter  causing  an  absorption  of 
the  newly-formed  bone,  and  leading  to  its  conversion  into  a  marrow  cavity,  so  that 
in  due  course  all  the  cartilage  or  its  products  disappear.  At  the  same  time  that  this 
is  taking  place  within  the  cartilage,  the  perichondrium  is  undergoing  conversion  into 
the  periosteum,  an  investing  membrane,  the  deeper  stratum  of  which,  highly  vascular, 
furnishes  a  layer  of  osteoblast  cells  which  serve  to  develop  the  circumferential 
lamellae  of  the  bone.  It  is  by  the  accrescence  of  these  layers  externally,  and  their 
absorption  internally  through  the  action  of  the  osteoclast  cells,  that  growth  takes 
place  transversely.  A  transverse  section  of  the  shaft  of  a  long  bone  shows  this 
very  clearly.  Centrally  there  is  the  marrow  cavity,  formed  primarily  by  the 
absorption  of  the  calcified  cartilage;  around  this  the  cancellous  tissue  produced 
by  the  partial  erosion  of  the  primary  periosteal  bone  is  disposed,  whilst  externally 
there  is  the  den^e  envelope  made  up  of  the  more  recent  periosteal  growth. 

Such  a  description,  whilst  explaining  the  growth  of  bone  circumferentially,  fails 

to  account  for  its  growth  in  length ;  hence  the  necessity  in  long  bones  for  some 

arrangement  whereby  ossification  may  take  place  at  one  or  both  extremities  of  the 

shaft.     This  zone  of  growth  is  situated  where  the  ossified  shaft  becomes  continuous 

with  the  cartilaginous  epiphysis.     In  addition,  within  these  epiphysial  cartilages 

calcification  of  the  cartilage  takes  place  centrally,  just  as  in  the  diaphysis.     The  two 

l>arts  of  the  bone,  viz.  the  diaphysis  and  epiphysis,  are  thus  separated  by  a  layer  of 

cartilage,  as  yet  uncalcified,  but  extremely  active  in  growth  owing  to  the  invasion  of 

vessels  and  cells  from  a  vascular  zone  which  surrounds  the  epiphysis.    The  nucleus  of 

tiie  epiphysis  becomes  converted  into  true  bone,  which  grows  eccentrically.     This 

arrangement  provides  for  the  growth  of  the  shaft  towards  the  epiphysis,  and  the 

growth  of  the  epiphysis  towards  the  shaft ;  so  that  as  long  as  the  active  intervening 

layer  of  cartilage  persists,  extension  of  growth  in  a  longitudinal  direction  is  possible. 

Subsequently,  however,  at  variable  periods  the  intervening  layer  of  cartilage  becomes 

calcified,  and  true  bony  growth  occurs  within  it,  thus  leading  to  complete  osseous 

union  between  the  shaft  and  epiphysis.     When  this  has  taken  place  all  further 

jn'owth  in  a  longitudinal  direction  ceases.     In  cases  where  the  epiphysis  enters  into 

the  formation  of  a  joint,  the  cartilage  over  the  articular  area  persists  and  undergoes 

neither  calcification  nor  ossification.    In  long  bones  the  ossific  nucleus  for  the  shaft 

or  diaphysis  is  the  first  to  appear,  and  is  hence  often  called  the  primary  centre  of 

osisification.    The  centres  for  the  epiphyses  appear  subsequently  at  variable  periods, 

and  are  referred  to  as  the  secondary  centres  of  ossification. 

From  what  has  been  said  it  will  be  gathered  that  the  vascular  supply  of  the 
bone  is  derived  from  the  vessels  of  the  periosteum.     These  consist  of  fine  arteries 
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which  enter  the  surface  of  the  shaft  and  epiphysis;  but  in  addition  there  is  a 
larger  trunk  which  enters  the  diaphysis  and  reaches  the  medullary  cavity.  This  is 
Ciilled  the  nutrient  artery  of  the  bone.  The  direction  taken  by  this  vessel  varies  in 
din'erent  bones.  In  the  upper  limb  the  artery  runs  downwards  in  the  case  of  the 
humerus  and  upwards  in  the  radius  and  ulna;  in  the  lower  limb  the  nutrient 
vessel  of  the  femur  is  directed  towards  the  upper  extremity  of  the  shaft,  whilst 
in  the  tibia  and  fibula  it  follows  a  downward  course.  It  is  difficult  to  account  for 
this  difference  in  the  arrangement  of  the  vessels ;  but  it  has  been  pointed  out  that 
when  all  the  joints  are  flexed,  as  in  the  position  occupied  by  the  foetus  in  utero, 
the  direction  taken  by  the  vessels  is  the  same,  and  corresjwnds  to  a  line  passing 
from  the  head  towards  the  tail-end  of  the  embryo.  Consequently,  in  the  upper 
limb  the  vessels  flow  towards  the  elbow,  whilst  in  the  lower  limb  they  pass  from 
the  knee. 

The  attention  of  anatomists  has  long  been  directed  to  the  elucidation  of  the  laws 
which  regulate  bone-growth.  Our  present  knowledge  of  the  subject  may  be  briefly 
summarised  in  the  following  generalisations : — 

1.  In  bones  with  a  shaft  and  two  epiphyses,  the  epiphysis  towards  which  the 
nutrient  artery  is  directed  is  the  first  to  unite  with  the  shaft. 

2.  In  bones  with  a  shaft  and  two  epiphyses,  as  a  rule  the  epiphysis  which  com- 
mences to  ossify  latest  unites  soonest  with  the  shaft.  (The  fibula  is  a  notable 
exception  to  this  rule.     See  p.  239.) 

3.  In  bones  with  a  shaft  and  one  epiphysis  the  nutrient  artery  is  directed 
towards  the  end  of  the  bone  which  has  no  epiphysis.  (This  arrangement  holds 
good  in  the  case  of  the  clavicle,  the  metacarpus,  metatarsus,  and  phalanges.) 

4.  When  an  epiphysis  is  ossified  from  more  than  one  centre,  coalescence  takas 
place  between  the  separate  ossific  nuclei  before  the  epiphysis  unites  with  the  shaft. 

Highly  suggestive,  too,  are  the  following  propositions — That  ossification  first 
commences  in  the  epiphysis  which  ultimately  acquires  the  largest  relative  projKjr- 
tion  to  the  rest  of  the  bone,  and  that  the  ossification  of  the  epiphysis  is  also 
correlated  with  its  functional  importance.  In  cases  of  long  bones  with  only  one 
epiphysis,  the  epiphysis  is  placed  at  the  end  of  the  bone  where  there  is  mast 
movement. 

The  veins  which  permeate  the  cancellous  texture  of  the  bone  are  large  and  thin- 
walled.  They  do  not  accompany  the  arteries,  and,  as  a  rule,  in  long  bones  they 
escape  through  large  openings  near  the  articular  surface.  In  flat  bones  they  occupy 
channels  within  the  diploe,  and  drain  into  an  adjacent  sinus,  or  form  communica- 
tions with  the  superficial  veins  of  the  scalp. 

The  lymphatics  are  mainly  periosteal,  but  enter  the  bone  along  with  the  vessels 
and  become  perivascular. 

The  nerves  which  accompany  the  arteries  are  probably  destined  for  the  supply 
of  the  coats  of  these  vessels.  Whether  they  end  in  the  bony  tissue  or  not  ih 
unknown. 

THE  VERTEBRAL  COLUMN. 

The  vertebral  column  (columna  vertebralis)  of  man  consists  of  thirty-three 
segments  or  vertebra,  placed  one  on  the  top  of  the  other.  In  the  adult,  certain  o\ 
these  vertebnc  have  become  fused  together  in  the  process  of  growth  to  form  bones, 
the  segmental  arrangement  of  which  is  somewhat  obscured,  though  even  in  their 
fully-developed  condition  sufficient  evidence  remains  to  demonstrate  their  com- 
pound nature.  The  vertebrae  so  blended  are  termed  the  fixed  or  false  vertebrc, 
whilst  those  between  which  osseous  union  has  not  taken  place  are  described  as  the 
movable  or  true  vertebrs.  This  fusion  of  the  vertebral  segments  is  met  with  at 
either  extremity  of  the  vertebral  column,  more  particularly  below,  where  the  column 
is  modified  to  adapt  it  for  union  with  the  girdle  of  the  lower  limb,  and  also  in 
the  region  of  man's  degenerated  caudal  appendage.  But  a  partial  union  of  the 
vertebral  segments  also  takes  place  above,  between  the  two  highest  vertebftT,  in 
association  with  the  mechanism  necessary  to  provide  for  the  movements  of  the 
head  on  the  column. 
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For  descriptive  puritoaes  the  vertebral  coluimi  is  subdivided  a<XM>rdiiig  to  tlie 
regioDs  thruugh  which  it  passes.  Thus  the  vertebra:  are  described  as  cenrical 
(vertelirii'  cervicaies),  dorsal  or  thoracic  (vertebra;  thoracales),  liunbaT  (vertebni- 
luiiibales),  Bacral  (vertebrae  aacralea),  and  coccygeal  {vertebife  caiidales),  acctirding 
as  they  lie  in  the  regions  of  the  neck,  i)ack,  loins,  jieivia,  and  tail.  Tbe  uuuibtT  ol' 
vertebra;  met  with  in  these  regions  is  fairly  constant,  though,  as  will  1«  hereafter 
[jointiMi  out,  variations  may  occur  in  the  number  of  the  memliers  of  the  diHert-nt 
.series.  The  vertebrift  in  man  are  thus  apportioned — 7  cervical,  12  dorsal,  b  lumliar, 
5  sacral,  and  4  or  5  coccygeal ;  the  three  former  groups  comprise  the  true  or  mov- 
able verLebm-,  the  two  latter  the  Uim  or  fixed  vertebra;.  The  vertebral  formnla 
may  l>e  thus  expressed: — 

Movable  or  True  Vertebne.  Fixed  or  False  Vettebne. 

Cerv-ical.       Uoraal.       Lumbar.  Sacral.      (Joccygeal. 

7  12  5  5  4  =.t.-(. 

The  Tsrtebra  of  which  the  column  is  built  up,  though  displaying  great  diversity  of 
characters  in  the  regions  above  enumerated,  yet  preserve  certain  features  in 
common.     All  possess  a  solid  part, 

centrum  or  body  (corpus  vertebrae) ;  ■rtim'igr  prwssB  ivniicio 

nil  have  axticular  processes  by  which 
they  articulate  with  their  fellows; 
most  have  muscular  proceasea  de- 
veloped in  connexion  with  them; 
whilst  the  majority  display  a  verte- 
bral or  spinal  foramen  (foramen  verte- 
lifcile)  formed  by  the  union  of  a  bouy 
arch  (arcus  vertebrte)  with  the  body. 
These  common  characters  may  best 
be  studied  by  selecting  for  descrip- 
tion an  intermediate  member  of  the 
series.  For  this  purpose  one  of  the 
middle  or  lower  thoracic  vertebrie 
may  be  chosen. 

A  typical  vertebra  may  be  de-  (a»  viewed  from  tiie  ri^ht  Bi<ic.) 

scribed  as  consisting  of  a  body  or 
centrum  (corpus  vertebra)  composed 
of  a  mass  of  sixtngy  bone,  more  or 
less  cylindrical  in   form.     The  size  ^^ 

and  shape  of  the  body  is  liable  to  p 

considerable  variation  according  to 
the  vertebra  examined.     The  upper 
and  lower  surfaces  of  the  body  are      ^Mt  foi 
very  slightly  concave   from   before     "  ""m 
liackwards  and  from   side  to   side,      sujierioi 
due  to  the  thickening  of  the  boue 
around  its  margins,   lutherecentcon-  j,^, 

dition  these  surfaces  afford  attach-  >> 

iiieut  for  the  intervertebral  discs 
«hith  are  placed  like  pads  between 
the  bodies  of  the  movable  members 
iif  the  series.  The  circumference  of 
tlie  Iwdy,  formed  as  it  is  of  more 
COD) pact  hone  than  the  interior,  is 
usually  slightly  concave  from  above  Fcob 

downwards,  though  it  becomes  flat 

liehind,  where  the  body  forms  the  anterior  iioundary  of  the  spinal  or  \ertebrul 
foramen,  at  which  point  it  is  usually  slightly  concave  from  side  to  side.  The 
vertical  surfaces  of  the  body  are  pierced  here  aud  there  by  foramina   for    tlr 
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passage  of  nutrient  vessels,  more  particularly  on  the  posterior  surface,  where  a 
depression  of  considerable  size  receives  the  openings  of  the  canals  through  which 
some  of  the  veins  which  drain  the  body  of  the  bone  escape.     Connected  with  tlie 
body  posteriorly  there  is  a  bony  arch  (arcus  vertebrae),  which,  by  its  union  with 
the  body,  encloses  a  foramen  of  variable  size,  the  spinal  or  vertebral    foramen 
(foramen  vertebrale).     When  the  vertebrae  are  placed  on  the  top  of  each  other 
these  foramina  form  with  the  uniting  ligaments  a  continuous  canal — spinal  or 
neural  canal — in  which  the  spinal  cord  with  its  coverings  is  lodged.     The   arch, 
which  is  formed  by  the  union  of  the  pedicles  and  laminse,  besides  enclosing  the 
spinal  foramen,  also  supports  a  certain  number  of  processes;  of  these,  some  are 
outstanding,  and  may  be  regarded  as  a  series  of  levers  to  which  muscles   are 
attached,  whilst  others  are  articular  and  6tssist  in  uniting  the  different  vertebne 
together  by  means  of  a  series  of  movable  joints.     The  pedicles  are  the  bars  of 
bone  which  pass  from  the  back  of  the  body  of  the  vertebrae  on  either  side  tu 
the  points  where  the  articular  processes  are  united  to  the  arch.     The   pedicles 
are  compressed  laterally,  and  have  rounded  superior  and  inferior  borders.     Since 
the  vertical  breadth  of  the  pedicles  is  not  as  great  as  the  thickness  of  the  body  to 
which  they  are  atttiched,  it  follows  that  when  the  vertebrae  are  placed  one  above 
the  other  a  series  of  intervals  is  left  between  the  pedicles  of  the  different  vertebrae. 
These  spaces,  enclosed  in  front  by  the  bodies  of  the  vertebrae  and  their  inter- 
vertebral discs,  and  behind  by  the  coaptation  of  the  articular  processes,  form  a 
series  of  holes  communicating  with  the  neural  or  spinal  canal ;  these  are  called  tlie 
intervertebral  foramina  (foramina  intervertebralia),  and  allow  of  the  transmission  of 
spinal  nerves  and  vessels.     As  each  intervertebral  foramen  is  bounded  above  and 
below  by  a  pedicle,  the  grooved  surfaces  in  correspondence  with  the  upper  and 
lower  borders  of  the  pedicles  are  called  the  upper  and  lower  intervertebral  grooves 
or  notches  (incisura  vertebralis  superior  et  inferior).     Posteriorly,  the  two  pedicles 
are  united  by  two  somewhat  flattened  plates  of  bone — ^the  laminss,  which  convert^e 
towards  the  middle  hue,  and  become  fused  with  the  root  of  the  projecting  spinons 
process  (processus  spinosus).     The  breadth  of  the  laminae  and  their  sloping  arrange- 
ment are  such,  that  when  the  vertebrae  are  articulated  together  they  leave  httle 
space  between  them,  thus  enclosing  fairly  completely  the  neural  canal,  of  which 
they  form  the  posterior  wall.     The  edges  and  inner  surfaces  of  the  laminae  are 
rough  for  the  attachment  of  the  ligaments  which  bind  them  together. 

The  muscular  processes  are  three  in  number,  viz.  two  transverse  processes — one 
on  either  side  —  and  one  central  or  median,  the  spinous  process.  The  former 
(processus  transversus)  project  outwards  on  either  side  from  the  arch  at  the  point 
where  the  pedicle  joins  the  lamina.  The  latter  (processus  spinosus)  extends  back- 
wards in  the  middle  line  from  the  point  of  fusion  of  the  laminae.  The  spinous 
processes  display  much  variety  of  length  and  form. 

The  articular  processes  (zygapophyses),  four  in  number,  are  arranged  in  pairs — 
one  superior,  the  other  inferior ;  the  former  are  placed  on  the  upper  surface  of  the 
arch  where  the  pedicles  and  laminae  join,  the  latter  below  the  arch  in  correspondence 
with  the  superior.  Whilst  differing  much  in  the  direction  of  their  articular 
surfaces,  the  upper  have  generally  a  backward  tendency,  whilst  the  lower  incline 
forwards. 

THE   TRUE   OR   MOVABLE   VERTEBRA. 
The  Cervical  Vertebrae. 

The  cervical  vertebrae  (vertebrae  cervicales),  seven  in  number,  can  be  readily 
distinguished  from  all  the  other  vertebne  by  the  fact  that  their  transverse  pro- 
cesses are  pierced  by  a  foramen.  The  two  highest,  and  the  lowest,  require  special 
description ;  the  remaining  four  conform  to  a  common  type. 

Their  bodies,  the  smallest  of  all  the  true  vertebrae,  are  oblong  in  shape,  the 
transverse  diameter  being  much  longer  than  the  antero-posterior  width.  The  upper 
surface,  which  slopes  from  behind  forwards  and  downwards,  is  concave  from  side  to 
side,  owing  to  the  marked  projection  of  its  lateral  margins.  Its  anterior  lip  is 
»*ounded  off,  whilst  its  posterior  edge  is  sharply  defined. 
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The  inferinr  nurface,  which  ia  more  or  less  saddle-shaped,  is  directed  downwards 
and  liackwards.  It  is  convex  from  side  to  side,  and  cODcave  from  before  backwards, 
with  a  slight  rounding  off  of  the  projecting  anterior  lip.  The  vertical  diameter  of 
the  body  is  small  in  proportion  to  its  width.  The  anterior  surface  is  flat  in  the 
middle  line,  but  furrowed  laterally.  The  posterior  surface,  which  is  rough  and 
pierced  by  many  small  foramina,  is  flat  from  side  to  side  and  above  downwards ;  it 
forms  in  its  entire  extent  the  anterior  wall  of  the  spinal  foramen.  The  lateral 
aspects  of  the  body,  particularly  in  their  upper  parts,  are  fused  with  the  costal 
parts  of  the  transverse  processes,  and  form  the  inner  wall  of  the  vertebrarterial 
foramen  (foramen  transversarium). 

The  pedicles  which  spring  from  the  posterior  half  of  the  lateral  aspects  of  the 
b(xly,  about  equidistant  from  their  upper  and  lower  margins,  are  directed  hori- 
zontally backwards  and  outwards  The  superior  and  inferior  notclies  are  nearly 
equal  in  depth. 

The  lamintB  are  long,  and  about  as  wide  as  the  body  of  the  bone  is  thick. 

The  spinal  foramen  is  larger  than  in  the  thoracic  and  lumbar  regions ;  its  shape 
is  triangular,  or  more  nearly  seniilunar. 

The  tnuuTerse  processes,  so  called,  are  ])ierced  by  the  vertebrarterial  foramen 
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f  foramen  transversarium).  They  consist  of  two  parts — the  part  liehind  the  foramen. 
which  springs  from  the  neural  arch  and  is  the  true  transverse  process,  and  the 
part  in  front,  which  is  homologous  with  the  ribs  in  the  thoracic  portion  of  the 
column.  These  two  processes,  united  externally  by  a  bridge  of  bone,  which  thus 
converts  the  interval  between  them  into  a  foramen,  terminate  iu  two  tubercles, 
known  res[)ectively  as  the  anterior  and  posterior  tubercles.  The  general  direction 
of  these  processes  is  outwards,  slightly  forwards,  and  a  little  downwards,  the  anterior 
tubercles  lying  internal  to  the  posterior.  The  two  tubercles  are  separated  above  by 
a  groove  directed  outwards,  downwards,  and  forwards ;  along  this  the  spinal  nerve 
trunk  passes.  The .  Tertebmrterial  foramen  (foramen  transversarium),  often  sub- 
divided by  a  spicule  of  bone,  ia  traversed  by  the  vertebral  arterj'  and  vein  in  the 
upper  six  vertebra;.  The  spinoua  processes,  which  are  directed  downwards,  are  short, 
compreased  vertically,  and  bifid.  The  articular  processes  are  supjiorted  on  cylindrical 
luasees  of  bone  fused  with  the  arch  where  the  jiedicles  and  laminie  join.  These 
cylinders  are  .sliced  away  obliquely  above  and  below,  so  that  the  superior  articular 
facets,  more  or  less  circular  in  form,  are  directed  upwards  and  backwards,  whilst 
tlip  corresponding  inferior  surfaces  are  turned  downwards  and  forwards. 

VariatiOBB. — Snawlownki  records  tlie  preseiifL-  of  an  indepeiuient  rib  eleiiietil  in  tlie  tranf- 
viis!  proia-sa  of  the  fourth  cervical  vortebra.     (Anat.  Am.  Jfun,  vol.  xx.  p.  3(16.) 

First  Cerrical  Vertebra  or  Atlas. — This  bone  may  be  readily  recognised  by 
the  absence  of  the  iKxly  iind  spinous  process.  It  consists  of  two  Uter&l  masseB, 
which  support  the  articular  and  transverse  processes.  The  lateral  masses  are 
themselves  united  by  two  curved  bars  of  bone,  the  anterior  and  posterior  arches,  of 
which  the  former  is  the  stouter  and  shorter.  Each  lateral  mass  is  irregularly  six- 
sided,  and  so  placed  that  it  lies  closer  to  its  fellow  of  the  opposite  aide  in  front  than 
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beliintt.  Jts  upper  surface  is  excavated  to  form  an  elongated  oval  facet,  concave 
from  liefon;  backwards,  and  inclined  obliquely  inwards;  not  infrequently  this 
articular  surface  displays  indications  of  division  into  two  parts.  These  facets  are 
for  the  reception  of  the  condyles  of  the  occipital  bone. 

The  inferior  articnlar  fteeta  are  placed  on  the  under  surfaces  of  the   latcruj 
,^  msAses.     Of  circular  form, 

they  display  a  alight  side- 
to-aide  concavity,  though 
flat  in  the  antero-i>osterii>r 
direction.  Theirdisposition 
1  is  auch  that  their  surfaces 
incline  downwards  and 
^  slightly  inwards.    Theyrest 

on  the  su])erior  articular 
processes  of  the  second  cer- 
vical vertebra.  Springini: 
from  the  anterior  and  inner 
ospecteof  the  lateral  tua.s.set<, 
and  uniting  them  in  front, 
is  a  curved  bar  of  bone, 
the  anterior  arch  (a reus 
,,au.,r,«  -.ut«.  .u^c"  ''  *i'*'''0'');    compressed    on 

3.  TultrL'le  for  tmmverae  7.  Superior  »rticular  procesB.  either    side,    ttllS    18    tlllck- 

llgaiueiit.  H.  Foramen  for  vetfcbr.l  srlery.  ened  Centrally  SO  aS  tO  foniL 

*.  Anterior  arch.  9.  Groove  for  vertebral  (irter>'.  „„    Hf,    aiititrinr   asncct-    thp 

5.   Anterior  tiiWrcIe,  10.  Po.t«rior  l.ibervle.  ^'^    "f    BUteriOr   aspect    tne 

rounded  an  tenor  tubercle 
(tuberculum  anterius).  In  correspondence  with  this  on  the  imsterior  surface  of 
this  arch  is  a  ctrcnlar  tacvt  (fovea  dentis)  for  articulation  with  the  odontoid  proces? 
of  the  second  cervical  vertebra  (axis). 

The  inner  surface  of  the  lateral  mass  is  rough  and  irregular,  displaying  a  little 
tubercle  for  tlie  attachment  of  the  tranverse  ligament  which  passes  across  the  S]>nce 
included  1)etwetm  the  two  lateral  masses  and  the  anterior  arch,  thus  liolding  the 
odontoid  pnxsess  of  the  axis  in  position.  Behind  each  tubercle  there  is  usually  a 
deep  pit,  opening  into  the  bottom  of  which  are  the  canals  for  the  nutrient  vessels. 

External  to  the  lateral  mass,  and  principally  from  its  upjier  half,  the  transverse 
]>rocesB  arises  by  two  roots  which  include  between  them  the  vertcbrart-t'rial  foramen. 
Tlie  transTerse  process  is  long,  obliquely  compressed,  and  tlown-turned ;  the  anterior 
and  posterior  tuliercles  are  no  longer  distinguishable,  as  they  have  fused  to  form 
one  mass. 

The  postarior  arch  arises  in  jMirt  from  the  posterior  surface  of  the  lateral  miisf, 
and  in  jKirt  from  the  iwsterior  root  of  the  transverse  process.  Compres.'sed  from 
above  downwards  anteriorly,  where  it  bounds  a  groove  which  curves  around  the 
[losterior  asjiect  of  the  superior  articular  i)roeess,  which  groove  is  also  continuous 
externally  wltli  the  vertebrarterial  foramen,  the  ^losterior  arch  becomes  thicker 
mesially,  at  which  point  it  disjilays  posteriorly  a  rough  irregular  projection — (he 
posterior  tnberde  (tuWrculum  posterius),  the  feeble  representative  of  the  spinous 
process.  A  prominent  little  tubei-cle,  arising  from  the  iwstcrior  extremity  of  tlie 
suiierior  articular  process,  overhangs  the  groove  aliove  mentioned,  and  not  in- 
freijueutly  becomes  developed  so  as  to  form  a  bridge  of  Iwne  across  it,  concerting 
the  groove  int<)  a  cimal  through  which  the  vertel>ral  artery  and  the  first  cervical  or 
suljoccipital  nerve  pass — a  condition  normally  met  with  in  many  animals.  It  is 
noteworthy  that  the  grooves  traversed  by  the  two  highest  spinal  nerves  lie  liehiiid 
tlie  articular  processes,  in  place  of  in  front,  as  in  other  parts  of  the  column. 

The  ring  formed  by  the  lateral  masses  and  the  anterior  and  posterior  arches  is 
of  irregular  outline.  The  anterior  i>art,  cut  off  from  the  rest  by  the  transvei'se 
ligament,  serves  for  the  lodgment  of  the  odontoid  process  of  the  axis ;  the  larger 
]iart  lieliinil  corresponds  to  the  ujiper  part  of  the  ueural  or  spinal  canal. 

la  ofli-ii  (lefiriuiLt  in  front,     rmii.-rfi'ut  iissificaliuii 
■    "  iiijilete.     The  iiuperior  arliculur 
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■iirfaivs  an;  occasioually  partially  or  completely  divicleti  i 

III  some  iDritaiiwa  llie  extremity  of  the  tranaveree  process  lias  t 

p^.K.■e9:^  may,  in  rare  cases,  articulate  with  a  projecting  process  (paroccipital)  from  tlia  under 

surface  of  the  Jugular  proceaa  of  the  occipital  bone  (see  jj.  113).     A»  upward  esteuBinn  from  the 

iiKilian  part  of  the  anterior  arch,  due  probiibly  to  an  ossification  <)f  the  anterior  occipito-atlautal 

lifrariient,   mav  articulatt  with  the  anterior  surface  of  the  suniiiiit  of  the  odonloid  process  of 

the  ajia.     Allen  has  noticed  the  articulation  of  the  superior  iKirder  of  the  posterior  uii;h  with 

the  posterior  liurdcr  of  the  foramen  ma^fnum.     Cases  of  partial  or  eoiniilete  fusion  of  the  atlas 

with  the  occipital  bone  are  not  uncommon  (see  p.  113), 

Second  Cervical  Vertebra,  Axia,  or  Epistropheus. — Tliis  is  cliarncterised  by 
the  preseuc*;  of  the  tooth-like  odontoid  process  (deae)  wlik-li  projeeta  upwurds  from 
the  sui>erior  surface  of  the  hody.  Slightly  coiistricted  where  it  joius  the  bctdy,  tlie 
oiiontoid  process  tapers  to  a  blunt  point  superiorly,  on  the  Bides  of  which  there  ;ire 
surfaces  for  the  attiu:hment  of  the  odontoid  or  check  ligauieiita  When  the  atlns 
iind  axis  are  articulated  together  this  process  lies  behind  the  auterior  arcli  of  the 
iitlas.  and  displays  on  its  anterior  Burface  an  oval  or  circular  facet  which  articu- 
kies  with  that  on  the  posterior  aiirface  of  the  anterior  arch  of  the  atlas.     On  the 


l>ost«Tior  aspect  of  the  neck  of  the  odontoid  process  there  is  a  shallow  groove  which 
nxeivee  the  transverse  ligament  which  holds  it  in  position. 

The  anterior  surface  of  the  body  has  a  raised  triangular  surface,  which  ends 
iiiiperiorly  in  a  ridge  passing  upwards  to  the  neck  of  the  odontoid  process.  The 
pedicles  are  concealed  above  by  the  superior  articular  processes  ;  inferiorly,  they  are 
ilncply  grooved.  The  laaiiue — prismatic  on  section — are  thick  and  strong,  ending 
ill  a  stout,  broad,  and  bifid  Bpinons  procesB,  the  under  surface  of  which  is  deeply 
;;rooved,  whilst  its  sides  meet  superiorly  in  a  ridge.  Placed  over  the  pediulea 
and  the  anterior  root  of  the  transverse  processes  are  the  superior  articular  sur&ces. 
These  are  more  or  less  circular  in  shape,  slightly  convex  from  before  backwards, 
Hat  from  side  to  side,  and  have  a  direction  upwards  and  a  little  outwards  They 
are  channelled  inferiorly  by  the  vertebrarterial  foramina  which  turn  outwards 
lK-in>ath  them.  The  grooves  by  which  the  second  cervical  nerves  leave  the  neural 
i-aiial  cross  the  lamime  itnniediately  behind  the  superior  articular  processes.  The 
inferior  aiticnlai:  procesaes  agree  in  form  and  position  with  those  of  the 
remaining  members  of  the  series,  and  are  placed  l>ehind  the  inferior  intervertebral 
notches. 

The  transverse  process  is  markedly  down-turned,  with  a  single  pointed 
extreuuty. 

Vuiations.—  In  Mtme  Instanci'S  tlie  summit  of  the  ixlontoid  prixHiwarluuIales  uilli  i  proirii 
'"■111  tubercle  on  the  anterior  bonier  of  the  foramen  magnum  (third  ouipilal  lonrhli,  sei  p  1111 
iMmet  iTrunt.  I'alh.  Soc.  D Min,  \oL  vii.)  records  a,  case  m  whiuh  thn  iKliinloid  ll^<«?^^■^  wis 
't'liiUe,  due  to  the  persistence  of  the  primitive  condition  niwliuh  it  f  d(Mlo]uil  fiiim  t«i> 
'■■ntreH,  Occasionally  the  odontoid  process  fails  to  b<(  tmitwl  with  the  Nilv  of  l!u  avi-i  loiniLnj; 
an  i«  odontoideum   comparable   to  tliat  met  with   in  the  crocodilia  (Giaiomini,  Hoiinti,  and 
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Turner).     The  vertebrarterial  foramen  is  not  infrequently  incomplete,  owing  to  the  imperfect 
ossification  of  the  posterior  root  of  the  transverse  process. 

The  seventh  cervical  vertebra,  or  vertebra  prominens,  receives  the  latter  name 
from  the  outstanding  nature  of  its  spinous  process,  which  ends  in  a  single  broad  tubercle. 
This  forms  a  well-marked  surface  projection  at  the  back  of  the  root  of  the  neck. 
The  transverse  processes  are  broad,  being  flattened  from  above  downwards ;  they 
project  considerably  beyond  those  of  the  sixth.  The  maximum  width  between 
their  extremities  agrees  with  that  between  the  transverse  processes  of  the  atlas, 
these  two  constituting  the  widest  members  of  the  cervical  series.  The  verte- 
brarterial foramen  is  small.  Not  infrequently  the  costal  element  is  separate  from 
the  true  transverse  process,  thus  constituting  a  cervical  rib. 

Variations. — The  vertebrarterial  foramen  may  be  absent  on  one  or  other  side. 

Thoracic  VKRTEBKiE. 

The  thoracic  or  dorsal  vertebrae  (vertebrae  thoracales),  twelve  in  number, 
are  distinguished  by  having  facets  on  the  sides  of  their  bodies  for  the  heads  of  the 
ribs,  and  in  most  instances  also  articular  surfaces  on  their  transverse  processes  for 
the  tubercles  of  the  ribs  (Figs.  57  and  58,  p.  75). 

The  body  is  described  as  characteristically  heart-shaped,  though  in  the  upper 
and  lower  members  of  the  series  it  undergoes  transition  to  the  typical  forms  of  the 
cervical  and  lumbar  vertebrae  respectively.  Its  antero- posterior  and  transverse 
widths  are  nearly  equal ;  the  latter  is  greatest  in  Une  with  the  facets  for  the  heads 
of  the  rib.  The  bodies  are  slightly  thicker  behind  than  in  front,  thus  adapting 
themselves  to  the  anterior  concavity  which  the  column  displays  in  this  region. 
The  bodies  of  the  second  to  the  ninth  thoracic  vertebrae  inclusive,  each  possess  four 
costal  demi-facets — a  superior  pair  placed  on  the  upper  margin  of  the  body,  close  to 
the  junction  of  the  pedicle  with  the  centrum,  and  an  inferior  pair  situated  on  the 
lower  edge,  close  to  and  in  front  of  the  inferior  intervertebral  grooves. 

When  contiguous  vertebras  are  articulated,  the  upper  pair  of  demi-facets  of  the  lower 
vertebra  coincide  with  the  lower  demi-facets  of  the  higher  vertebra,  and,  together  with  the 
intervening  intervertebral  disc,  form  an  articular  cup  for  the  reception  of  the  head  of 
a  rib.  Of  these  facets  on  the  body  the  upper  pair  are  the  primary  articular  surfaces 
for  the  head  of  the  rib ;  the  lower  are  only  acquired  secondarily.  Moreover,  these  facets, 
though  apparently  placed  on  the  body,  are  in  reality  developed  on  the  sidets  of  the  pedicles 
behind  the  line  of  union  of  the  pedicles  with  the  centrum  (neuro-central  synchondrosis),  as 
will  be  explained  hereafter. 

The  pedicles  are  short  and  thick,  and  directed  backwards  and  slightly  upwards. 
The  superior  notch  is  faintly  marked  ;  the  inferior  notch  is  (ieep.  The  lamizise  are 
broad,  flat,  and  sloping,  having  sharp  upper  and  lower  margins.  When  the 
vertebrce  are  superposed  the  latter  overlap  the  former  so  as  to  form  au 
imbricated  arrangement.  The  spinal  foramen  is  smaller  than  in  the  cervical  and 
lumbar  regions,  and  nearly  circular  in  shape. 

The  spinous  processes  vary  in  length  and  direction,  being  shorter  and  more 
horizontal  in  the  upper  and  lower  members  of  the  series,  longest  and  most  oblique 
in  direction  towards  the  middle  of  this  part  of  the  column.  Nearly  all  have  a  down- 
ward inclination,  and  are  so  arranged  that  they  overlap  one  another.  Triangular  in 
section  where  they  spring  from  the  neural  arch,  they  become  laterally  compressed 
towards  their  extremities,  which  are  capped  by  more  or  less  distinct  tubercles.  The 
transverse  processes  are  directed  backwards  and  outwards,  and  a  little  upwards. 
They  gradually  decrease  in  size  and  length  from  above  downwards.  Each  has  a 
somewhat  expanded  extremity,  the  anterior  surface  of  which,  in  the  case  of  the  upper 
ten  vertebne,  is  hollowed  out  in  the  form  of  a  circular  facet  for  articulation  with 
the  tubercle  of  the  rib  which  rests  in  the  upper  demi-facet  of  the  vertebra  to  which 
the  transverse  process  belongs.  The  snperior  articular  processes  are  vertical  and 
have  their  surfaces  directed  backwards,  slightly  upwards,  and  a  little  outwards; 
the  inferior,  correspondingly  forwards,  downwards,  and  inwards. 

Certain  of  the  thoracic  vertebrae  display  characters  by  which  they  can  readily 
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be  recogaised.     These  are  the  first,  tenth,  eleventh,  and  twelfth,  and  sometunes  the 
ninth. 

The  first  thoracic  verte- 
bra resembles  the  seventh 
cervical  in  the  shape  of  its 
body,  and  the  length  and 
'direction  of  its  spine.  There 
is  an  entire  facet  on  either 
side  of  the  body  for  the  head 
of  the  first  rib,  and  one  demi- 
facet  on  each  side  at  the 
lower  border  of  its  body,  to 
complete  the  socket  for  the 
head  of  the  second  rib.     Its 


and  the  superior  inter- 
vertebral notch  is  better 
marked  than  in  other  mem- 
bers of  the  thoracic  series. 
The  superior  articular  sur- 
faces are  directed  backwards 
and  upwards,  not  outwards 

as  in  the  lower  members  of  " 

the  series. 

The  ninth  thoracic 
▼ertebra  occasionally  has 
only  the  upper  pair  of  demi- 
facets  on  its  body ;  at  other 
times  it  conforms  to  the  usual 
type. 

The  tenth  thoracic 
Tertebra  may  have  only  one 
complete  costal  facet  on  each 
side  for  the  X.  rib,  though 
somctitnes  the  articular 
socket  may  be  completed  by 
the  ninth  dorsal  vertebra.  ^ 
The  facet  on  the  transverse 
process  is  generally  small, 
and  sometimes  absent. 

The  eleventh  thoracic 
Tertebra  has  a  complete 
circular  facet  on  the  outer 

side  of  each  pedicle  for  p,u.  og.—Fiiiat,  Nista,  Tenth,  Elbvbnth,  ano  Twklith  Thoracic 
articulation  with  the  XI.  rib.  Vbhtebb«  kkok  the  left  side, 

lU  transverse   processes   are  j,  j„t^^„   .rtic.liU'    pr«eu   with  8.  Singlo  facet  for  hea.1  of  I.  rib. 

short  and  stunted,  and  have           oat-tumed  r&otit.  9.  Facet  on  tranavenw  |)rocMti  for 

no  facets                                           2.  single  facet  for  head  of  XII.  rib  ;  tuherosity  of  1.  rib. 

rp,        '. .i»,v       j.1. :              no  '•'at  on  trausverw  procBsa.  10.  Facet  on  tramvartt  procesa  for 

The      twemh  _    thoracic  3.  gi^gi,  f„,t  for  head  -t  Xl.  nb  ;  tubercnity  of  IX.  rib. 

vertebra    has  a  single    facet           no  facet  on  tmniiverie  prociis.H.  11.  Facet  on  transverse  procerts  for 

00   the  pedicle  on   each    side  *■  ^'"K^"  "  ■l«a'l-f««it  'or  head  of  tuberosity  ot  X.  rib,  in   thiR 

c._  .!.„  vn   -iu       Ti    1                    X.  rib.  particular      loatance       well 

for  the  XII.  nh.       Its  trans-  5.   Occa.ional  demifacel   for  head  marked. 

verse  processes,  which  have        of  x.  rib.  s.  anpenori  TuberciM  jH.mnuii.r}-, 

no  facets,  are  broken  up  *■  "enii  ■  '»«(*  for  head  of  IX.  ^  ^^^^^^^  I  ^or^.  I  Ac<^M»ory. 
into  smaller  tubercles,  caUed  ;.  D^;,^i.f^t  s^t  h«d  of  11.  rib.  k.  itxtem.1 1  '""T'  V^IZZ 
respectively     the     externa], 

superior,  and  inferior  tubercles.  These  are  homologous  with  the  transverse  mam- 
mUlary  and  accessory  processes  of  the  lumbar  vertebne.  Indications  of  these 
processes  may  also  be  met  with  in  the  tenth  and  eleventh  thoracic  vertebrse.    The 
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twelfth  thoracio  vertebra  may  usually  be  diBtiuguisbed  from  the  eleventh  by  the 
arrangement  of  its  inferior  articular  processee,  which  resemble  those  of  the  lumbar 
series  in  being  out-turned ;  but  the  eleventh  occasioaally  displays  the  same 
arrangement,  in  which  case  it  is  not  always  easy  to  distinguish  between  them. 

Variations. — Barclaj  Smith  (Joum.  AtioI.  and  Phydot.  Lond.  1902,  p.  3TS)  records  five  casot 
in  which  tlie  superior  articular  processes  of  the  twelfth  thoracic  vertebra  displayed  thoracic  and 
lumbar  characteristics  on  the  opposite  sides. 

Ldmb&k  VeETKBR/E. 

The  lambar  vertebne  (vertehrce  lumbales),  five  in  number,  are  the  largest  of 
the  movable  vertebrre.     They  have  no  costal  articukr  facets,  nor  are  their  trans- 
verse processes  pierced  hj 
'"'°  a  foramen.     In  this  way 

they  can  be  readily  dis- 
tinguished from  the  mem- 
hors  of  the  cervical  and 
thoracic  series. 

The  bodr  is  kidney- 
shaped  in  outline,  and  of 
large  size.  The  transverse 
diameter  is  usually  about 
a  half  greater  than  the 
v™  antero  •  posterior  widtli. 
The  anterior  thickness  is 
slightly  greater  than  the 
"  posterior,  being  thui 
adapted  to  the  anterior 
convex  curve  of  the 
column  in  this  region. 
The  pedicles,  directed 
horizontally  backwards, 
are  short  and  stout;  the 
superior  notches  are 
shallow,  but  deeper  thau 
Bodr  in  the  thoracic  region;  the 

aui>Frior  articuur  prociu  inferior  grooves  are  deep. 

The  I&mj^  are  broad  and 
intu  nearly     vertical,     sloping 

but  little.    They  support 
"  P"**"       on   their    lower    margins 
'  the  inferior  articular  pro- 

cesses. The  spinal  foramen 
is  laive  and  triangular. 

The  apinouB  processes, 
spatula  shaped,  with  a 
thickened  posterior 
margin,  project  backwards 
and  shghtly  downward^ 
The  transverse  processM, 
iprerjomnieuinrproewn  more  slender  than  in  the 

Fw.  64.-TH(no  Lumms  Viktsbba  fhoh  Above,  and  phoh  thr      ^°^^^    '*8'°°'    P^   ''°"' 
hen  SiDB.  zontally  outwards,  with  a 

slight  backward  inclina- 
tion. Arising  from  the  junction  of  the  pedicles  with  the  laminro  in  the  higher 
memhere  of  the  series,  they  tend  to  advance  so  as  to  become  fused  with  the  outer 
side  of  the  pedicle  and  hack  of  the  body  in  the  two  lower  lumbar  vertebra.  In 
these  latter  vertebra  the  superior  intervertebral  groovt;s  are  carried  obliquely  across 
the  upper  surfaces  of  the  bases  of  the  transverse  processes.     The  transverse  processes 
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lie  in  line  with  the  external  tubercles  of  the  lower  thoracic  vertebrae,  with  which 
thejr  are  serially  homologous,  and  are  to  be  regarded  as  representing  the  costal 
element.  Placed  on  their  base  posteriorly,  and  just  external  to  and  below  the 
superior  articular  processes,  are  the  small  accessory  tubercles  (processus  accessorii) 
which  are  in  series  vdth  the  inferior  tubercles  of  the  lower  thoracic  vertebrie.  The 
Buperior  articiilar  processes  are  stout,  oval,  curved  plates  of  bone,  fused  in  front  with 
the  pedicles  and  laminae,  and  having  their  concave  articular  surfaces  vertical  and 
in-turned.  ExternaUy,  and  on  their  posterior  edge,  the  bone  rises  in  the  form  of  an 
elongated  oval  tubercle,  the  mammillary  process  (processus  mammillaris) ;  these  are 
in  correspondence  with  the  superior  tubercles  of  the  lower  thoracic  transverse  pro- 
cesses. 

The  inferior  articular  processes  lie  on  either  side  of  the  root  of  the  spinous 
process,  supported  on  the  inferior  margin  of  the  laminae.  Their  articular  surfaces, 
oval  in  outline,  convex  from  side  to  side,  and  plane  from  above  downwards,  are 
out-turned.  The  inferior  articular  processes  are  much  closer  together  than  the 
superior ;  so  that  when  the  vertebrae  are  articulated  the  superior  articular  processes 
of  the  lovirer  vertebra  embrace  the  inferior  articular  processes  of  the  higher 
vertebra. 

The  fifth  lumbar  vertebra  is  characterised  by  the  size  of  its  body,  which  is 

the  largest  of  all  the  vertebrae.     Further,  the  under  surface  of  the  body  is  cut 

away  at  the  expense  of  its  posterior  part :  hence  the  thickness  of  the  centrum  in 

front  much  exceeds  that  of  the  vertical  diameter  behind.     The  transverse  process 

is  pyramidal  in  form,  and  stouter  than  those  of  the  other  limibar  vertebrae.     It 

arises  by  a  broad  base  from  the  side  of  the  back  of  the  body,  as  well  as  from  the 

pedicle,  and  is  directed  outwards  and  a  Httle  backwards  and  upwards.     Its  upper 

surface  is  sUghtly  grooved  by  the  superior  intervertebral  notch.     A  deep  notch 

separates   it  posteriorly   from    the  superior  articular   processes,  which  are  less 

in-turned  than  in  the  other  members  of  the  series,  their  articular  surfaces  being 

directed  more  backwards  than  inwards,  and  displaying  less  concavity.     The  inferior 

articular  processes  are  further  apart  than  is  the  case  with  the  other  members  of 

the  series,  they  he  in  Une  with  the  superior.     The  spinous  process  is  shorter  and 

narrower  than  the  other  lumbar  spines,  particularly  so  in  the  female. 

Variations. — The  mammillary  and  accessory  processes  are  sometimes  unduly  developed.  The 
neural  arch  of  the  fifth  lumbar  vertebra  is  occasionallv  interrupted  on  either  side  by  a  synchon- 
drosis which  runs  between  the  upper  and  lower  articular  processes.  In  macerated  specimens  the 
two  parts  of  the  bone  are  thus  separate  and  independent  The  anterior  includes  the  centrum,  to- 
other with  the  pedicles,  transverse  and  superior  articular  processes  ;  the  posterior  comprises  the 
mferior  articular  proceflses,  the  laminae,  and  the  spine. — (Turner,  Challmger  Reports^  voL  xvi.) 
Szawlowski  and  Dwight  record  instances  of  the  occurrence  of  a  foramen  in  the  transverse 
process  of  the  V.  lumbar  vertebra  {Anal,  AnsL  Jerva^  voL  xil),  and  Ramsay  Smith  describes  a  case  in 
which  the  right  transverse  process  of  the  IV.  lumbar  vertebra  of  an  AustraUan  sprang  from  the 
side  of  the  body  in  front  of  the  pedicle,  being  unconnected  either  with  the  pedicle  or  articular 
process. 

THE  FALSE  OR  FIXED   VERTEBRA. 

The  Sacrum. 

The  sacrum  (os  sacrum),  of  roughly  triangular  shape,  is  formed  by  the  fusion 
normally,  of  five  vertebrae.  The  anterior  surfiice  of  the  bone  is  slightly  hollow  from 
side  to  side  and  concave  from  above  downwards,  the  curve  being  usually  most 
pronounced  opposite  the  third  sacral  segment.  The  central  part  corresponds  to 
the  bodies  of  the  sacral  vertebrae,  the  hues  of  fusion  of  which  are  indicated  by  a 
series  of  four  parallel  ridges  which  cross  the  central  part  of  the  bone  at  gradually 
diminishing  intervals  from  above  downwards;  externally,  these  ridges  disappear 
on  either  side  on  the  inner  walls  of  the  four  anterior  sacral  foramina  (foramina 
sacralia  anteriora).  The  size  of  these  holes  decreases  from  above  downwards.  The 
upper  and  under  border  of  each  foramen  is  formed  by  a  stout  bar  of  bone,  of  which 
there  are  five  on  each  side,  corresponding  in  number  with  the  vertebrae  present. 
These  unite  externally  so  as  to  form  the  lateral  mass  (pars  lateraUs),  and  thus 
enolose  the  foramina  to  the  outer  side,  though  here  the  edge  is  not  abrupt,  but 
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sloped  80  as  to  pass  gradually  into  the  canaL  The  large  anterior  dfvisions  of  the 
sacral  nerves  paas  through  these  foramina  and  occupy  the  shallow  grooves.  The 
bone  is  broadest  acroea  the  first  aacral  vertebra,  tends  to  narrow  opposite  the 
second,  and  again  usually  increases  in  width  opposite  the  third.  When  this 
condition  is  well  marked,  the  edge  has  a  notched  appearance  (sacral  notch)  which 
assists  in  the  ioterlockiug  of  the  sacro-Uiac  joint ;  this  feature  is  common  in  the 
Simiidaa  and  some  of  the  lower  races  of  mankind  (Faterson).  The  surface  of  bone 
between  and  external  to  the  first,  second,  third,  and  fourth  foramina  aCTords 
attachment  to  the  fibres  of  origin  of  the  pyrifonnis  which  may  in  some  instances 
extend  on  to  the  bodies  of  the  II.  and  III.  segments  (Adolphi),  whilst  on  the  edge 
external  to  and  below  the  fourth  foramen  the  coccygeus  is  inserted. 

The  posterior  Bor&ce  is  rough  and  irregular.     Convex  from  above  downwards  it 
displays  mesially  a  creat  (crista  aocralis  media)  whereon  are  seen  four  elongated 

Sujurior  srtlculit  procesMa      Tranivorw  pro»«  of  Br»t  Mcml  vertebra 


Fio.  65.— Thb  Sacrcm  (auterior  view). 

tubercles — the  spines  of  the  upper  four  sacral  vertebrae.  External  to  these  the 
bone  forms  a  groove — the  aacral  groove — the  floor  of  which  is  made  up  of  the  con- 
fluent laminae  of  the  corresponding  vertebrfe.  In  line  with  the  intervals  between 
the  spines,  and  wider  apart  above  than  below,  another  series  of  tubercles  is  to  be 
seen.  These  are  due  to  the  fusion  of  the  aitlcnUr  procuses  of  the  sacral  vertebnc, 
and  together  they  form  faint  irregular  ridges  on  the  bone  (cristffi  sacrales  articulares). 
Normally,  the  spine  of  the  lowest  sacral  segment  is  absent,  and  the  laminae  do  not 
coalesce  mesially,  thus  leaving  a  gap  in  which  the  spinal  canal  is  exposed  (hiatus 
sacralis) ;  whilst  inferiorly  the  tubercles  corresponding  to  the  inferior  articular 
processes  of  the  last  sacral  vertebra  form  little  down-projecting  processes — the 
sacral  conna  (cornua  sacralia) — by  means  of  which  the  sacrum  is  in  part  united  to 
the  coccyx.  Juat  wide  of  the  articuUr  tubercles  ore  the  posterior  saoial  foramina 
(foramina  socraha  posteriora),  for  the  transmission  of  the  posterior  divisions  of  the 
These  are  in  correspondence  with  the  anterior  foramina,  so  that  a 
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probe  can  be  pasBed  directly  through  both  opeDinge ;  but  it  is  to  be  noted  that  the 
posterior  are  much  smaller,  and  their  margins  much  sharper,  than  is  the  case  with 
the  anterior.  The  surface  of  the  lateral  mass  external  to  the  posterior  sacral 
foramina  is  rough  and  irregular,  owing  to  the  presence  of  four  more  or  less  elevated 
tubercles,  which  constitute  the  lateral  ridges  on  either  side  of  the  bone  (cristie 
sacrales  laterales),  and  which  are  serially  homolc^oua  with  the  true  transverse 
proceGBes  of  the  lumbar  vertebrae. 

The  poeterior  surface  of  the  bone  furnishes  an  extensive  surface  for  the  origin 
of  the  erector  spinas  muscles,  whilst  the  edge  of  the  bone  external  to  the  third  and 
fourth  foramen  gives  attacliment  to  the  gluteus  maximus. 

The  base  of  the  bone  displays  features  more  in  accordance  with  a  typical 
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Cucc)')^]  krtlculir  BurtHce 
Flo.  66,— Thi  Sacrum  (posterior  view). 

vertebra.  Centrally,  and  in  front,  is  placed  the  body,  the  upper  surface  of  which 
articulates  with  the  last  lumbar  vertebra  through  the  medium  of  an  intervertebral 
disc.  The  anterior  margin  is  thin  'and  projecting,  overhanging  the  general  con- 
cavity of  the  front  of  the  bone,  and  forming  what  is  called  the  promontory  (promon- 
torium).  Behind  the  body,  the  spinal  canal,  of  triangular  form  with  slightly 
appresaed  sides,  is  seen,  whilst  posteriorly  is  the  short  spinous  process  forming  the 
highest  tubercle  of  the  median  crest.  Spreading  out  from  the  sides,  and  partly  from 
the  back  of  the  body  on  either  side,  ia  a  fan-shaped  mass  of  bone,  the  upper  surface 
of  which  is  slightly  concave  from  side  to  side,  and  convex  from  above  and  behind 
downwards  and  forwards.  This,  the  ala  (ala  sacralis),  corresponds  to  the  thick  upper 
border  of  the  lateral  masa,  and  is  formed,  as  will  he  explained  hereafter,  by  elements 
which  correspond  to  the  pedicles  and  transverse  processes  of  the  sacral  vertebrre, 
together  with  superadded  structures — the  sacral  ribs.  The  external  margin  of  the 
lateral  mass,  as  seen  from  above,  is  sharp  and  outwardly  convex,  terminating  behind 
in  a  prominent  tubercle — the  highest  of  the  series  of  elevations  seen  on  the  posterior 
surface  of  the  bone,  which  have  been  alreaily  described  as  serially  homologous  with 
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the  true  transverse  proceasea  of  the  lumbar  vertehrse.  Fused  with  the  back  of  each 
lateral  mass,  and  separated  from  it  externally  by  a  narrow  but  deep  notch,  la  the 
superior  articular  process.  This  supports  a  vertical  articular  surface,  which  i  is  of 
circular  or  oval  form,  aud  concave  from  side  to  aide,  having  a  general  direction 
backwards  and  a  Uttle  inwards. 

The  borders  of  the  bone  are  thick  above,  where  they  articulate  with  the  ilia, 
thin  and  tapering  below,  where  they  furnish  attachments  for  the  powerful  sacro- 
sciatic  ligaments.  The  iliac  axticnlar  surfaces  are  described  as  auricular  in  shape 
(facies  auricukres),  and  overlie  the  lateral  masses  formed  by  the  first  three  sacral 
vertebrae,  though  this  arrangement  is  liable  to  considerable  variation.  Behind  the 
auricular  surface  the  bone  is  rough  and  pitted  by  three  distinct  depressions  for  the 
attachment  of  the  strong  sacro-iliac  ligaments.  Inferiorly,  the  edge  formed  by 
the  lateral  masses  of  the  fourth  and  fifth  sacral  vertebrae  becomes  gradually 
thinner,  and  at  the  inferior  lateral  angle  changes  its  direction  and  sweeps  inwarck 
towards  the  body  of  the  fifth  sacral  segment. 

The  apex,  or  lower  end  of  the  sacrum,  is  formed  by  the  small  oval  body  of  the 
fifth  sacral  vertebra,  which  articulates  with  the  coccyx. 

The  sacral  canal  follows  the  curve  of  the  bone ;  more  or  leas  triangular  in 
shape  above,  it  becomes  appressed  and  flattened  below,  Inferiorly,  its  posterior 
wall  is  deficient  owing  to  the  imperfect  ossifioation  of  the  lamina!  of  the  fifth,  and, 
it  may  be,  of  the  fourth  sacral  segments.  Pasaing  obliquely  outwards  and  down- 
wards from  this  canal  into  the  lateral  masses  on  either  side  are  the  four  pairs  of 
intervertebral  foramina,  each  of  which  is  connected  externally  with  a  V-shaped 
oanal  which  terminates  in  front  and  behind  in  the  anterior  and  posterior  sacral 
foramina.     The  hinder  limb  of  the  V  is  shorter  and  narrower  than  the  anterior. 

The  female  sacrum  is  proportionately  broader  than  the  male.  Its  curves  are 
liable  to  great  individual  variation,  though  the  absolute  depth  of  the  curve  is  less 
than  in  the  male. 

Variations. — The  nmuber  of  eacral  Begmenta  may  be  increased  to  aii  or  reduced  to  four  (see 
p.  90).  Transition  formB  ore  occaeionally  met  with  in  which  the  first  sacral  segment  displars 
on  one  side  purely  sacral  characters,  i.e.  it  articulatea  with  the  innominate  bone,  whilst  on  the 
oppogit*  aide  it  may  present  all  the  features  of  a  lumbar  vertebra.  Through  deficiency  in  the 
development  of  the  laminie,  the  neural  canal  may  be  exposed  throughout  its  entire  length,  or 
to  a  greater  extent  than  is  normally  the  case.  (Paterson,  Boy.  DvMin  Sue.  Scientific  Tram. 
voL  V.  Series  11.)  Szawlowski  and  Barclay  Smith  record  the  occurrence  of  a  foramen  in  the 
lateral  mass  of  the  I.  sacral  vertebra  (Joum.  of  Anat.  and  Pkyriol.  Lond.  vol  iiivL  p.  372). 

Coccyx. 

The  coccyx  consists  of  four — sometimes  five,  less  frequently  three — rudimentary 

g         ^  6        0  vertebrae,  which  tend  to 

become  fused.    The  first 

piece  is  latter  than  the 

others;   it  has  an  oval 

a  7  hollow  facet  on  its  upper 

surface, which  articulates 
with  the  body  of  the  last 
sacral  segment.  Pos- 
teriorly, two  processes, 
comua  coccygea,  which 
lie  in  series  with  the 
articular  processes  of 
the  sacrum,  extend  up- 
wards aud    unite  with 

»,«.e-.-THECOCCTX.  ^^^    ^^^j    ^^^^^_    ^,,„g 

A.  Posterior  SurfMc«.     R  A.iterior  Surface.  bridging  OVCr  the  nOtch 

2    t!^""'*^  '*!^,'^'       I  CorT'       6    t^rT'        I.  S'u«3*'^cZ  *'<""  ^^^  ^'^"^  '^^  ^^^    ^^"^ 

sacral  nerve,  and  con- 
verting it  into  a  foramen,  the  last  of  the  intervertebral  series.  From  the 
outer  sides  of   the   body   project   rudimentary   transrerse   processes   which  may, 
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or  maj  not,  unite  with  the  sacrum  close  to  the  lower  lateral  angles;  in  the 
latter  case  the  fifth  anterior  sacral  foramina  are  enclosed.  Inferiorly,  the  body  of 
the  bone  articulates  with  the  succeeding  vertebra.  The  second  coccygeal  vertebra 
displays  slight  traces  of  a  transverse  process  and  the  rudiments  of  pedicles.  The 
following  segments  are  mere  rounded  or  oval-shaped  nodules  of  bone. 

Fusion  between  the  lower  elements  occurs  normally  in  middle  life,  whilst  imion  between 
the  first  and  second  segments  occurs  somewhat  later.  It  is  not  unusual,  however,  to  find 
that  the  first  coccygeal  vertebra  remains  separate  from  the  others.  Though  very  variable, 
a.8  a  rule,  fusion  occurs  more  commonly  in  the  male,  and  at  an  earlier  age,  than  in  the 
female.  Szawlowski  has  recorded  a  case  in  which  a  curved  process  arose  from  the  ventral 
surface  of  the  first  coccygeal  segment.  He  regards  this  as  possibly  the  homologue  of  a 
ventral  arch  (Anat.  Anz.  Jena,  vol.  xx.  p.  320). 

From  the  posterior  surface  of  the  coccyx  the  gluteus  maximus  arises.  To  its 
external  borders  are  attached  the  coccygei  and  levatores  ani  muscles,  and  from  its 
tip  spring  the  fibres  of  the  sphincter  ani. 

VERTEBRAL  COLUMN  AS  A  WHOLE. 

When  all  the  vertebr®  are  articulated  together,  the  resulting  column  displays 
certain  characteristic  features.  The  division  of  the  column  into  a  true  or  movable 
X>art,  comprising  the  members  of  the  cervical,  thoracic,  and  lumbar  series,  and  a 
false  or  fixed  portion,  including  the  sacrum  and  coccyx,  can  now  be  readily 
recognised.  The  vertebrse  are  so  disposed  that  the  centra  or  bodies  form  an 
interrupted  column  of  solid  parts  in  front,  which  constitutes  the  axis  of  support 
for  the  head  and  trunk ;  whilst  the  neural  arches  behind  constitute  a  canal  for  the 
lodgment  and  protection  of  the  spinal  cord  and  its  membranes.  In  the  movable 
part  of  the  column  both  the  anterior  supporting  axis  and  the  neural  canal  are 
liable  to  changes  in  their  disposition  owing  to  the  movements  of  the  head  and 
trunk.  like  the  bodies  and  neural  arches,  the  spinous  and  transverse  processes 
are  also  superposed,  and  fall  in  line,  forming  three  series  of  interrupted  ridges — 
one  (the  spinous)  placed  centrally  and  behind,  the  others  (the  transverse)  placed 
laterally.  In  this  way  two  vertebral  grooves  are  formed  which  he  between  the 
central  and  lateral  ridges.  The  floor  of  each  groove  is  formed  by  the  laminae  and 
articular  processes,  and  in  these  grooves  are  lodged  the  muscles  which  serve  to 
support  and  control  the  movements  of  the  column. 

Further,  the  column  so  constituted  is  seen  to  display  certain  curves  in  an 
antero-posterior  direction.  These  curves  are,  of  course,  subject  to  very  great 
variation  according  to  the  position  of  the  trunk  and  head,  and  can  only  be  satis- 
factorily studied  in  a  fresh  specimen ;  but  if  care  be  exercised  in  the  articulation 
of  the  vertebras,  the  following  characteristic  features  may  be  observed,  assuming,  of 
course,  that  the  column  is  erect  and  the  head  so  placed  that  the  axis  of  vision  is 
directed  towards  the  horizon.  There  is  a  forward  curve  in  the  cervical  region, 
which  gradually  merges  with  the  backward  thoracic  curve ;  this  becomes  con- 
tinuous below  with  an  anterior  convexity  in  the  lumbar  region,  which  ends  more 
or  less  abruptly  at  the  union  of  the  fifth  lumbar  with  the  first  sacral  vertebra, 
where  the  sacrum  slopes  suddenly  backwards,  causing  the  column  to  form  a 
marked  projection — the  sacro-vertebral  angle.  Below  this,  the  anterior  concavity  of 
the  front  of  the  sacrum  is  directed  downwards  as  well  as  forwards.  Of  these  four 
curves,  two — the  thoracic  and  sacral — are  primary,  they  alone  exist  during  foetal 
life ;  whilst  the  cervical  and  lumbar  forward  curves  only  make  their  appearance 
after  birth — the  former  being  associated  with  the  extension  and  elevation  of  the 
head,  whilst  the  latter  is  developed  in  connexion  with  the  use  of  the  hind  limb  in 
the  hyper-extended  position,  which  in  man  is  correlated  with  the  assumption  of 
the  erect  posture ;  this  curve,  therefore,  only  appears  after  the  child  has  begun  to 
walk.  For  these  reasons  the  cervical  and  lumbar  curves  are  described  as  secondary 
and  compensatory. 

Not  infrequently  there  is  a  slight  lateral  curvature  in  the  thoracic  region,  the 
convexity  of  the  curve  being  usually  directed  towards  the  right  side.     This  may 


88  OSTEOLOGY. 

be  associated  with  a  greater  use  of  the  muacles  of  the  right  upper  limb,  or  may 

depend  on  the  pressure  exercised  hy  the  tipper  part  of  the  thoracic  aorta  on  the 

vertebrjB  of  the  thoracic  region,  thus  causing  a  slight 

lateral  displacement,  together  with  a  flattening  of  the 

side  of  the  five  thoracic  vertebrte  (impreasio  aortica)  aa 

was  first  pointed  out  by  Wood  (Journ.  Anai.  and  Fhy- 

^  siol.  vol.  iii.)     Above  and  below  this  curve  there  are 

I  slight  compensatory  curves  in  the  opposite  direction. 

"  The  line  which  unites  the  tips  of  the  spines  is 

not  a  repetition  of  the  curves  formed  by  the  bodies. 

This  is  due  to  the  fact  that  the  length  and  direction 

of  the  spines  vary  much  in  different  regions ;  thus  in 

the  neck,  with  the  exception  of  the  second,  sixth,  and 

seventh,  the  spines  are  all  short  (absent  in  the  case 

of  the  atlas).      In   the   thoracic  region  the  spines, 

though  long,  are   obliquely  placed — a  circumstance 

which  much  reduces  their  prominence ;  that  of  the 

seventh  thoracic  vertebra  is  usually  the  longest  and 

most  slanting.     Selow  this  point  the  length  of  the 

spines  gradually  decreases,  and  their  position  more 

»  nearly  approaches  the  horizontal     In  the  loins  the 

.s:  spines  have  all  a  slight  downward  direction. 

^  Taken  as  a  whole,  the  spinea  of  the  movable  vert«brK  in 

^  man  have  a  downward  inclination — a  character  which  he  shareti 

with  the  anthropoid  apes  and  a  few  other  animals.      This 

character  Bervea  to  diBtinguish  his  column  from  those  of  lower 

mammals  in  which  the  spines  of  the  lumbar  vertebrie   are 

directed  headwards  towards  the  "centre  of  motion,"  which 

is  usually  situated  near  the  hinder  extremity  of  the  thorai, 

where  a  vertebra  is  placed  the   direction  of  whose  spine  is 

vertical  to  the  horizontally  disposed  column ;   this  vertebra 

is  often  referred  to  aa  the  anticlinal  vertebra. 

The  Spines  of  the  upper  three  or  four  sacral  verte- 
bra; form  an  osseous  ridge  with  interrupted  tubercles, 
Tlie  ridge  formed  by  the  vertebral  spines  is  an 
important  determinant  of  the  surface  form,  as  it  cor- 
responds to  the  median  furrow  of  the  back,  and  here 
the  individual  spines  may  he  felt  and  counted  from 
"i  the  seventh  cervical  down  to  the  sacral  region.     This 

I  ia  I>e8t  done  when  the  hack  is  weU  bent  forwards. 

,5  As  viewed  from  the  front,  the  vertebral  bodies 

increase  in  width  from  the  second  cervical  to  the 
first  thoracic ;  thence  a  reduction  in  breadth  takes 
place  to  the  level  of  the  fourth  thoracic,  below  which 
there  ia  a  gradual  increase  in  their  transverse  diameters 
until  the  sacrum  is  reached.  Here  a  rapid  reduction 
in  width  takes  place,  terminating  inferiorly  in  the 
nodules  of  the  coccyx. 
g  The   transverse  processes  of  the  atlas  are  wide 

I  and  outstanding.     The  succeeding  four  cervical  verte- 

brae have  transverse  processes  of  nearly  equal  width ; 
.  rt  the  seventh,  however,  displays  a  marked  increase  id 

ll  its  transverse  diameter,  and  is  about  equal  in  width 

"SI  to  the  first  thoracic  vertebra.     Below  this  a  gradual 

FiQ.  6S.— vsHiEBii*!,  (■oi.LMN       ^^^^  regular  diminution  in  width  characterises  the 
FBOM  THE    K>     [  IE.  tfansverso  processes  of  the  thoracic  vertebrte,  until 

in  the  case  of  the  eleventh  and  twelfth  they  are  merely  represented  by  the  small 
external  tubercles.  In  the  luml)ar  region  the  transverse  processes  again  appear 
outstanding,  and  of  nearly  equal  length. 

The  transverse  diameter  of  the  lateral  mass  of  the  first  sacral  vertebra  forma 


VERTEBRAL  COLUMN  AS  A  WHOLE.  89 

tbe  widest  part  of  the  column.     Below  this  a  decTeaee  in  width  occurs  until  the 
level  of  the  third  Bacral  eegment  is  reached,  at  which  point  the  transverae  diameter 
is  aomewhat  abruptly  diiuiniahed,   a   reduction   in   width 
which  is  further  suddenly  accentuated  opposite  the  fifth 
eacral  segment. 

As  viewed  from  the  side,  the  bodies  display  a  gradual 
iocrease  in  their  antero-posterior  width  until  the  second 
lutQbar  vertebra  is  reached,  below  which  this  diameter  is 
slightly  reduced.  lu  the  sacral  region  the  reduction  in 
this  djameter  is  great  in  the  first  and  second  sacral 
segments,  more  gradual  and  less  marked  in  the  last  three 
segments. 

The  facets  for  the  heads  of  the  ribs  in  the  upper  thoracic 
region  lie  on  the  sides  of  the  bodies ;  those  for  the  tenth, 
eleventh,  and  twelfth  are  placed  farther  back  on  the 
pedicles. 

The  interrertebral  fonmina  increase  in  size  from  above 
downwards  in  the  movable  part  of  the  column,  being  lai^est 
in  the  lumbar  region.  In  the  sacral  region  they  decrease 
in  size  from  above  downwards.  In  the  cervical  region  the 
two  highest  cervical  nerves  pass  out  behind  the  articular 
processes  of  the  atlas  and  axis,  and  Ue,  therefore,  behind 
the  corresponding  transverse  processes  of  these  vertebrie. 
Tlie  succeeding  cervical  nerves  pass  out  through  the  inter- 
vertebral foramina  which  are  placed  between  the  transverse 
processes  and  in  front  of  the  articular  processes.  In  the 
thoracic  and  lum))ar  vertebree  the  intervertebral  foramina 
lie  in  front  of  both  the  articular  and  transverse  processes. 
The  arrangement  of  these  foramina  in  the  sacrum  has  been 
already  sufficiently  explained. 

The  oennl  canal  for  the  lodgment  of  the  spinal  cord  and 
its  meninges  is  largest  in  the  cervical  and  lumbar  regions, 
in  lioth  of  which  it  assumes  a  triangular  form  ;  whilst  it  is 
narrow  and  circular  in  the  thoracic  region.  These  facts  are 
correlated  with  the  movements  of  the  column  which  are 
most  free  in  those  regions  where  the  canal  is  largest,  i.e.  the 
neck  and  loins. 

The  average  length  of  the  vertebral  column  is  from  TO  to 
73  L-eutimctrea,  or  from  27J  to  28J  inches.  Of  this  the  cervical 
part  measures  from  13  to  14  cm. ;  the  thoracic,  27  to  29  cm. ; 
lumbar,  17  to  18  cm.;  and  the  sRcro-coccygeal,  12  to  15  cm. 
The  individual  difFerenoes  in  the  letigch  of  the  column  are  less 
than  one  might  expect,  the  vnriatioii  in  height  of  different 
individuals  being  often  largely  dependent  on  the  length  of  the 
lower  limbs.     In  the  female  the  average  length  of  the  column 

is  about  60  centimetres,  or  23j  inches,  and  the  curve  in  the  * 

lumbar  region  is  usually  more  pronounced.  S 

Arcbitectnre. — The  verttbrie  are  formed  of  spongj-  bone  confined 
n-ithin  a  thin  and  den»c  envelope.  In  the  bodies  the  arrangement  of 
the  cancellous  tissue,  which  is  traversed  by  venous  channels,  is  such 
ag  to  display  a  vertical  striation  with  lamella  arranged  horiiontalJy. 
The  eitemat,  superior,  and  inferior  walls  are  very  tliin^that  directed 
to  the  neural  canal  being  usually  thicker  and  denser  than  the  others. 
In  ihe  pedicles  and  roots  of  the  transverse  processes  the  cancellous 

tissue  is  much  more  open.     The  outer  envelope  is  much  thicker  where  *"'"■  80.— Vsbtbbral  Colomk 
it  t-ounds  the  neural  ring,  and  where   it  forms  the  bottom  of  the       '^  ''^''  *■"*"'  B«bind. 
superior  and   inferior   intervertebral   notches.      In  the   laminte   the 

?iK.n^  tisoue  is  confined  between  two  compact  layers,  of  which  that  directed  to  the  spinal  canal  is 
the  thicker.     In  the  ppi nous  processes  the  upper  i^ige  is  always  the  more  compact. 

Vajiationa—Famerical  Variationa  of  ths  Colamn  as  a  Wliole Increase  in  the  number  of 

vertebral  negments  is  usually  due  to  differences  in  the  number  of  the  coccygeal  vertebra ;  theae 
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may  vary  from  four — which  may  be  reganled  as  the  normal  number — to  six.  The  number  of 
presacral  or  movable  vertebra?  is  normally  24  (7  C,  12  D,  and  5  L).  In  which  case  the  2i>tli 
vertebra  forms  the  first  siicral  segment  (vertebra  fulcrdli><  of  Welcker).  The  number  of  presacral 
vertebne  may  be  increased  by  the  intercalation  of  a  segment  either  in  the  thoracic  or  lumbar  ivgioii 
without  any  alteration  in  the  number  of  the  sacral  or  coccygeal  elements  :  thus  we  may  have  7  C, 
13  D,  and  5  L,  or  7  C,  12  D,  and  6  L,  or  may  be  reduced  by  the  disappearance  of  a  vertebral  seg- 
ment— thus,  7  C,  12  D,  and  4  L.  Such  an  arrangement  presupposes  developmental  errors  either 
of  excess  or  default  in  the  segmentation  of  the  column.  On  the  other  hand,  the  total  nuniljer  of 
vertebral  segments  remaining  the  same  (24  or  26),  we  may  have  variations  in  the  nimiber  of  thos*- 
assigned  to  different  regions  due  to  the  addition  of  a  vertebral  segment  to  one,  and  its  conBt*queiit 
subtraction  from  another  region.  Thus,  in  the  24  presacral  vertebree,  in  cases  of  the  occurrence  of 
cervical  ribs  the  formula  is  rearranged  thus  -6  C,  13  D,  and  6  L,  or,  in  the  case  of  a  thirteenth 
rib  being  present,  the  formula  would  be  7  C,  13  D,  4  L,  as  happens  normally  in  the  gorilla  and 
chimpanzee.  Similarly,  the  number  of  the  presacral  vertebrse  (24)  may  be  increased  by  tlu* 
witharawal  of  a  segment  from  the  sacral  region — 7  C,  12  D,  6  L,  and  4  S—  or  diminished  by  an 
increase  in  the  nuniber  of  the  sacral  vertebrae,  as  in  the  formula  7  C,  12  D,  4  L,  and  6  S.  *  In- 
crease in  the  number  of  sacral  segments  may  be  due  to  fusion  with  a  lumbar  vertebrae,  or  by  the 
addition  of  a  coccygeal  element :  the  latter  is  more  fi-equently  the  ease.  This  variability  in  the 
constitution  of  the  sacrum  is  necessaril}'^  correlated  witn  a  shifting  backwards  and  forwards  of 
the  pelvic  girdle  along  the  vertebral  column.  Rosenburg  considers  that  the  26th,  27th,  and  28th 
vertebrae  are  the  primitive  sacral  segments,  and  that  the  sacral  characters  of  the  25th  vertebrje 
(the  first  sacral  segment  in  the  normal  adult  column)  are  only  secondarily  acquired.  He  thiL< 
supposes  that  during  development  there  is  a  forward  shifting  of  the  sacrum  and  pelvic  girdle, 
with  a  consequent  reduction  in  the  length  of  the  presacral  portion  of  the  column.  This  view  is 
opposed  by  Paterson  {Roy.  Dublin  Soc.  Srientific  Trans.  voL  v.  Ser.  II.),  who  found  that  08.sification 
took  place  in  the  alae  of  the  26th  vertebra  (first  adult  sticral  segment)  before  it  made  its  appear- 
ance in  the  alae  of  the  26th  vertebra.  He  thus  assumes  that  the  alae  of  the  26th  vertebra  may 
be  regarded  as  the  main  and  primary  attachment  with  the  ilium.  His  conclusions,  based  on  a 
large  number  of  oliservations,  are  at  variance  with  Rosenburg's  views,  for,  according  to  his  opinion, 
liberation  of  the  first  sacral  segment  is  more  common  than  a.ssimilation  with  tne  fifth  lumbar 
vertebra,  and  aasimilation  of  the  first  coccygeal  vertebra  with  the  sacrum  is  more  common  than 
liberation  of  the  fifth  sacral,  thus  leading  to  the  inference  that  the  sacrum  tends  to  shift  back- 
wards more  often  than  forwaids.     (See  also  T.  Dwight,  Amit.  Anz.  Jemiy  vol.  xix.  pp.  321,  337.) 

THE  CARTILAGINOUS  VEKTEBRAL  COLUMN. 

As  has  been  already  stated  (p.  30),  the  neural  tube  and  the  notochord  are 
enveloped  by  a  continuous  sheath  of  mesodermal  tissue  which  forms  the  membranous 
vertebral  column.  It  is  by  the  chondrification  of  this  that  the  cartilaginous  column 
is  developed.  This  process  commences  about  the  end  of  the  first  or  the  beginning 
of  the  second  month  of  foetal  life.  In  correspondence  with  each  vertebral  segment, 
two  symmetrical  nodules  of  cartilage  appear  on  either  side  of  the  notochord ;  these 
rapidly  surround  and  constrict  it.  By  their  fusion  they  constitute  the  body  of  a 
cartilaginous  vertebra,  and  are  so  disposed  that  they  alternate  in  position  with  the 
muscle  plates  which  are  lying  on  either  side.  In  this  way  a  vertebral  body  corre- 
sponds in  position  to  the  posterior  half  of  the  anterior  myotome,  and  the  anterior 
half  of  the  posterior  myotome,  the  intermyotomic  intervals,  which  ctmtain  the 
connective  tissue  plates  sei>arating  the  muscle  segments,  lie  in  line  laterally 
with  the  mid -points  of  the  sides  of  the  cartilaginous  vertebrae.  It  is  by  chondri- 
fication of  these  intersegmental  layers  that  in  certain  regions  the  ribs  are 
ultimately  developed.  Meanwhile,  the  sclera togenous  tissue  between  the  chondri- 
fying  vertebral  bodies  undergoes  little  change  and  persists  as  the  intervertebral 
disc.  Here  the  embedded  chorda  undergoes  but  slight  compression  and  enlarges, 
so  that  if  a  length  of  the  column  be  examined  in  longitudinal  section  the  noto- 
chord displays  a  moniliform  appearance,  the  constricted  parts  of  the  chorda 
corresponding  to  the  bodies,  the  enlarged  portions  to  the  discs.  The  former 
disappear  at  a  later  stage  when  ossification  begins,  but  the  latter  persist  in  the 
■  adult  as  the  pulpy  core  in  the  centre  of  the  intervertebral  disc. 

The  portions  of  the  scleratogenous  tissue  which  he  lateral  to  the  chorda 
have  next  to  be  considered ;  these  extend  dorsalwards  around  the  neural  canal, 
and  ventralwards  beneath  the  chorda.  The  former^  is  sometimes  called  the 
vertebral  bow,  the  latter  the  hypochordal  bow.  The  vertebral  bow  logins  tn 
chondrify  on  either  side,  and  forms  the  lateral  portions  of  the  cartilaginous  neural 
arch,  the  extremities  of  which  usually  unite  dorsally  about  the  fourth  month  ot 
fcetal  Jife ;  if  from  defective  development  this  union  should  fail  to  occur,  u 
deformity  known  as  spina  bifida  is  the  result. 
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From  the  cartilaginous  neural  arch  so  formed  arise  the  chonclrified  rudiments 
<if  the  spinous,  transverse,  and  articular  processes. 

The  chondrification  of  the  neural  arch  is  \^driously  described  as  being  in- 
dependent of  the  body  or  an  extension  from  it;  in  any  case,  union  between  it  and 
the  bdiy  is  rapidly  effected. 

The  sclei-atogenous  tiasue  between  the  cartilaginous  neural  arches  which  does 
not  undergo  chondrification  persists  as  the  ligaments  uniting  the  neural  lamiuje. 

As  regards  the  so-called  hypochordal  bow,  for  the  most  part  it  disappears. 
liy  some  it  is  regarded  as  being  represented  by  a  fibrous  strand  in  the  inter- 
vertebral disc  in  front  of  the  vertebra  to  which  it  belongs.  It  is,  however, 
noteworthy  that  in  the  case  of  tlie  atlas  vertebra  there  is  an  exception  to  this 
arrangement;  for  here  the  hypochordal  bow  chrondrifies  and  subsequently  by 
ossitication  forms  the  anterior  arch  of  that  bone — an  arch  which  lies  ventral  to, 
and  embraces  the  odontoid  process  of  the  axis  {q.v.  p.  92). 

It  is  only  in  the  thoracic  region  that  the  ribs,  developed  as  stated  above  by  the 
chondrification  of  the  intersegmental  septa,  attain  their  full  dimensions.  In  the 
cervical,  lumbar,  and  sacral  regions  they  exist  only  in  a  rudimentary  or  modified 
form,  as  has  been  described  elsewhere.  In  the  construction  of  the  chest  wall 
the  ribs  are  supported  ventrally  by  the  sternum,  as  to  the  development  of  which 
there  is  some  difference  of  opinion.  Ruge  has  described  this  bone  as  formed  by 
the  fusion  of  two  cartilaginous  bands  produced  by  the  coalescence  of  the  expanded 
ends  of  the  first  five  or  seven  cartilaginous  ribs.  Paterson,  on  the  other  hand, 
regards  the  sternum  as  arising  independently  of  the  ribs  by  the  union  of  a  right 
and  left  sternal  bar  in  the  median  ventral  line.  There  are  also  reasons  for 
supposing  that  the  presternum  is  intimately  associated  with  the  development  of 
the  ventral  part  of  the  shoulder  girdle. 

Ossification  of  the  Vertebrae.— The  vertebrae  are  developed  by  ossification  of 
the  cartilage  whicli  surrounds  the  notochoi'd  and  which  passes  backwards  over  the  sides  of 
the   neural   canal.      The  centres  for  the  bodies  first  appear  in  the 
lower   thoracic  vertebras  about  the  tenth  week.      An  oval  nucleus        y4[fcs. 
develops  iu  each  body.      At  first  it  is  placed  dorsal    to   the  noto-  e^/jT^   ^mVnfor"^'^ 
choni,  but  subsequently  surrounds   and    causes   the  disappearance  \jf  Y^^"^""^^ 

of   that   structure.      Occasionally,    however,    the    primitive    centre     |^      _aA    **^'^'^ 
apjiears  to  be  formed  by  the  coalescence   of   two  primary  nuclei.    iRjR|S9B 
Supjwrt   is   given    to   this   view    by   the    occasional    occurrence   of    Mibiidf ityoentre  for 
vertebra*  in  which  the  bodv  is  developed  in  two  lateral  halves,  or     ^IH|^j^bo<iy 
in  ca«es  where  only  one-half   of   the   bodv  persists  (Turner) ;   nor- 
mally,  however,  it  is  impossible  to  make"  out  this  division.     From    ^'"opv^rtobrT^^'' 
thc>e  single  nuclei  the  l)odies  are  developed,  the  process  extending 
up  and  down  the  column  until,  by  the  fifth  month,  all  the  centra  possess  ossific  deposits, 
except  the  coccygeal  segments.     About  the  seventh  week  a  single  centre  appears  in  the 
neural  arch  on  either  side.     These  commence  first  to  ossify  in  the  upper  cervical  region 
and  extend  rapidly  downwaids  throughout  the  column.     They  first  appear  near  the  bases 
of  the  superior  articular  processes,  and  extend  backwards  into  the  laminro,  outwards  into 
the  transverse  processes,  and  forwards  into  the  pedicles.     These  latter  project  anteriorly, 
and  form  a  considerable  portion  of  the  postero-latcral  aspects  of  the  body,  from  which, 
however,  they  are  separated  by  a  cartilaginous  strip — the  neuro-central  synchondrosis — 
which  does  not  entirely  disappear  imtil  about  the  fifth  or  sixth  year.     It  is  important  to 
note  that  in  the  thoracic  region  the  costid  facets  lie  behind  the  neuro-central  svnchondrosis, 
and  are  therefore  bonie  on  the  lateral  aspects  of  the  pedicles.     Fusion  of  the  lamina;  in  the 
mesial  plane  behind  begins,  after  birth,  in  the  lumbar  region  and  extends  upwards,  so 
that  by  the  fifteenth  ujonth  or  thereabouts  the  arches  in  the  cervical  region  are  com- 
pleted behind.      In  the  sacral  region  ossification  is  slower,  the  spinal  canal  not  being 
♦Miclosed  till  the  seventh  to  the  tenth  year.     The  spinous  processes  are  cartilaginous  at 
birth,  but  these  become  ossified  by  the  extension  into  them  of  the  bony  lamina?. 

At  puberty  certain  secondary  centres  or  epiphyses  make  their  appearance ;  these  are 
five  in  number.  One  caps  the  summit  of  the  spinous  process,  except  in  the  cervical 
region.  A  single  epiphysis  on  either  side  appears  at  the  extremity  of  the  transverse 
pnxK)8S,  and  in  the  tfioracic  region  assists  in  forming  the  articular  surface  for  the  tubercle 
of  the  rib.     Two  epiphysial  plates  are  formed — one  for  the  upper,  and  the  second  for  the 
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lower  surface  of  the  body,  including  also  that  part  which  lies  behind  the  neuro-central 
synchondrosis  and  formed  by  the  pedicle  ;  from  these  the  thickened  circumference  of  both 
upper  and  lower  aspects  of  the  body  are  derived.  Fusion  of  these  centres  with  the  rest 
of  the  bone  is  not  complete  till  the  twenty -fifth  year. 

In  the  cervical  region  independent  centres  are  described  as  occurring  in  the  anterior 
roots  of  the  transverse  processes  of  the  sixth  and  seventh  vertebrse.  These  correspond  to 
the  costal  element,  and  may  occasionally  persist  in  the  form  of  cervical  ribs.  Elsewhere 
they  are  formed  by  lateral  extensions  from  the  pedicle. 

In  the  lumbar  region  the  transverse  process  of  the  first  lumbar  vertebra  is  occasionally 
associated  with  an  independent  costal  centre,  which  may  blend  with  it,- or  persist  as  a 


B'iG.  71. — Ossification  op  Vertebuj-:. 


Certncal  vertebra. 


with 


1.  Centre  for  body. 

2.  Superior  epiphysial  plate. 

3.  Anterior  bar  of  transverse  process  derelo^ied  by 

lateral  extension  from  jiedicle. 

4.  Neuro-central  synchondrosis. 

5.  Inferior  epiphysial  plate. 

Lutnbar  vertebra. 

6.  Body. 

7.  Superior  epiphysial  plate. 

8.  Epiphysis  for  mammillary  process. 

9.  Epiphysis  for  transverse  process. 

10.  Epiphysis  for  spine. 

11.  Neuro-central  synchondrosis. 

12.  Inferior  epiphysial  plate. 

Dorsal  vertebra. 

13.  Centre  for  body. 

14.  Superior  epiphysial  plate,  appears  about  pul)erty ; 

unites  at  25th  year. 

15.  Neuro-central  synchondrosis  does  not  ossify  till 
5th  or  6th  year. 

16.  Appears  at  puberty  ;  unites  at  25th  year. 

17.  Appears  at  puberty  ;  unites  at  25th  year. 

18.  Appears  about  6th  week. 

Axis. 

19.  Centre  for  transverse  process  and  neural  arch  ; 

appears  about  8th  week. 

lumbar  rib.  The  mammillary  processes  are  derived  from  separate  epiphyses.  The  neural 
arch  of  the  fifth  lumbar  vertebra  is  occasionally  developed  from  two  centres  on  either  side, 
as  is  demonstrated  by  the  fact  that  the  arch  is  sometimes  divided  by  a  synchondnxlial 
joint  running  obliquely  across  between  the  superior  and  inferior  articular  processes  on 
either  side.  (See  antCf  p.  83 ;  also  Fortschritte  auf  deni  GehieU  der  Rontgenstralden. 
Erganzungsheft  i. ;  ''die  Entwickelung  des  menschlichen  Knochengeriistes  wahreud  des 
fotaleu  Lebens,"  von  Ijambertz.) 

Atlas. — The  lateral  masses  and  posterior  arch  are  developed  from  two  centres — one  on 
either  side — which  correspond  with  the  centres  from  which  the  neural  arches  of  the  other 
members  of  the  series  are  developed.  These  make  their  appearance  about  the  seventh 
week,  and  do  not  unite  posteriorly  till  after  the  third  year.  Their  point  of  union  is 
sometimes  preceded  by  the  formation  of  a  distinct  spinal  nucleus  (Quain).     The  anterior 


20.  Syuchondroseii  close  about  3rd  year. 

21.  Centre  for  stiinmit  of  odontoid  proces.M  ;  appears 
3rd  to  5th  year,  fuses  8th  to  12th  year. 

22.  Appears  about  5th  or  6th  month  ;  unites 
opposite  side  7th  to  8th  mouth. 

23.  Synchondrosis  closes  from  4th  to  6th  year. 

24.  Inferior  epiphysial  plate  ;  appears  about  puberty, 
unites  about  25th  year. 

25.  Single  or  double  centre  for  body  ;  appears  about 
5th  month. 

Atlas. 

26.  Posterior  arch  and  lateral  masses  deveIope<l  from 
a  single  centre  on  either  side,  which  appears 
alx)ut  7th  week. 

27.  Anterior  arch  and  portion  of  superior  articular 
surface  developed  from  single  or  double  centrt*, 
appearing  during  1st  year. 

Dorsal  vertebra. 

28.  Epiphysis  for  transverse  process  ;  appears  alwut 
puberty,  unites  about  25th  year. 

29.  Epiphysis  appears  about  puberty ;  unites  about 
25th  or  27th  year. 

30.  Centre  for  neural  arch  on  either  side ;  appears 
about  6th  or  7th  week,  the  laminte  unite  from 
birth  to  15th  month. 

31.  Centre  for  Iwdy  ;  appears  about  6th  week,  unites 
with  neural  arch  from  5th  to  6th  year. 
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arch  to  developed  from  centrea  variously  described  as  single  or  double,  which  appear  in 
one  of  the  hypochonlal  arcbee  of  cartilage  described  by  Froriep  (Arch.  /'.  AnaL  a, 
Fhynot.,  Anal.  Abth.  IK86)  which  here  persists.  In  this  cartilage  oesitieation  commences 
Jiiriag  the  first  year  of  life.  Union  with  the  lateral  masses  is  delayed  till  six  or  eight 
years  after  birth.  The  external  extremities  of  the  anterior  arch  assist  in  forming  the 
fore  part  of  the  superior  articular  processes.    . 

Axis. — The  aiis  ossifies  from  five  primitive  ceutrea.  Of  these,  two — one  on  either  aide 
— appear  about  the  seventh  week,  and  form  the  articular  and  transverse  processes,  together 
with  the  lamina  and  spine.  One,  or  it  may  be  two,  nuclei  appear  in  the  lower  part  of  the 
bo-ly  about  the  fifth  month.  The  upper  part  of  the  body,  including  a  small  part  of  the 
superior  articular  process,  and  the  base  of  the  odontoid  process,  arc  developed  from  two 
laterally-placed  nuclei  which  appear  shortly  after,  and  fuse  together  at  the  seventh  or 
eiybth  month,  so  that  at  birth  the  bone  consists  of  four  pieces.  Fusion  between  these 
parts  takes  place  in  the  following  order: — The  odontoid  unites  with  the  body  and  lateral 
parts  about  the  third  or  fourth  year  ;  union  between  the  two  lateral  portions  posteriorly 
and  the  body  and  lateral  parts  in  front,  ia  complete  at  from  four  to  six  years. 

The  sunimit  of  the  odontoid  process  is  developed  from  a  separate  centre,  occasionally 
double,  which  appears  from  the  third  to  the  fifth  year,  and  fuses  with  the  rest  of  the  bone 
from  the  eighth  to  the  twelfth  year.  Alwut  puberty  an  annular  epiphysis  is  developed  on 
the  luider  surface  of  the  body,  with  which  it  is  completely  united  during  the  twentieth  to 
the  twenty-fifth  year.  Some  authorities  state  that  a  few  granules  between  the  base  of  the 
odontoid  and  the  upper  surface  of  the  body  represent  the  superior  epiphysial  plate  ;  but 
as  fusion  between  the  odontoid  and  the  body  occurs  before  the  time  for  the  appearance  of 
these  secondary  epiphysial  plates,  this  can  hardly  be  regarded  as  correct.  The  line  of 
fusion  of  the  odontoid  with  the  body  is  defined  by  a  small  disc  of  cartilage  which  persists 
within  the  substance  of  the  bone  till  an  advanced  period  of  life. 

A  pair  of  epiphysea  placed  over  the  tubercles  of  the  spine,  if  not  always  present,  are 
at  least  frequent. 

Sacrum. — Each  of  the  sacral  segments  is  ossified  from  three  centres:  one  tor  the 
boily,  and  two  for  the  neural  arch — that  for  the  body,  which  makes  its  appearance  in  the 
first  three  sacral  vcrtebrtc 
about  the  end  of  the  third 
mouth,  about  the  fifth  to  the 
eighth  month  for  the  last 
two  segments.  From  the  two 
centres  for  the  neural  arches, 
which  make  their  appearance 
a)K>ut  the  fifth  or  sixth  month 
in  the  higher  segments,  the 
lamiute,  articular  processes, 
and  the  posterior  half  of 
the  ahc  on  either  side  are 
developed.  The  spinal  canal  is  not  enclosed  till  the  seventh  to  the  tenth  year,  the 
laminffi  usually  failing  to  meet  in  the  lowest  segment,  and  occasionally,  to  a  greater  or 
lexs  ext«nt,  in  some  of  the  higher  segments.  The  anterior  part  of  the  lateral  masses  is 
developed  from  separate  ceutrea  which  represent  the  costal  elements  (Gegeubauer).  These 
appear  about  the  sixth  to  the  eighth  month,  and  may  develop  in  relation  to  the  upper 
four  sacral  segments ;  more  usually  they  are  met  with  in  connexion  with  the  first  three, 
and  exceptionally  they  may  be  found  only  in  the  upper  two.  It  is  by  fusion  of  these 
with  the  posterior  aruhes  that  the  lateral  masses  which  support  the  innominate  honea 
are  formed.  The  costal  elements  fuse  about  the  second  to  the  fifth  year  with  the  neural 
arches,  prior  to  their  union  witli  the  centra ;  and  the  segments  of  the  lateral  masses  unite 
with  each  other  sooner  than  the  union  of  the  bodies  is  etTected.  The  latter  only  takes 
place  after  pulierty  by  the  fusion  of  the  epiphysial  plates,  a  pair  of  which  make  their 
apjiearance  between  the  centra  of  each  segment.  The  lower  segoients  begin  to  unite 
together  about  the  eighteenth  year,  but  fusion  between  the  first  and  second  sacral  vcrt«- 
brai  is  not  completed  till  the  twenty-fifth  year  or  after.  lu  addition  to  the  foregoing,  two 
thin  osseous  laminte  are  developed  in  the  cartilage  covering  the  outer  surface  of  the  alar 
mass.  The  upper  of  these  overspreads  the  auricular  surface,  whilst  the  lower  forms  the 
sharp  edge  below.  The  extremities  of  the  upper  spinous  processes  are  occasionally 
developed  from  independent  epiphyses.  On  making  a  mesial  section  of  an  adult  bone 
the  persistence  of  the  intervertebral  discs  between  the  centra  is  indicated  by  a  series  of 
oval  cavities. 


FlO.    72.— OSSn-lCATION   0 

?  Sacrum. 

.a.  C«nlres   for  l>odiBa  ;  t 
let  oil   bmlies  ;   r.c.  t>iiti 
nenta  ;  il.d.  Ceutrea  for  i 
Lateiid  epiphytes. 

1.6.  Epiphysial 
rea   for   costal 
leitral  arches  ; 
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Coccygeal  Vertebrae. — These  are  cartilaginous  at  birth.  Each  has  a  separate 
centre ;  the  first  appears  from  the  first  to  the  fourth  year,  the  second  from  the  sixth  to 
the  tenth  year,  the  third  and  fourth  segments  at  or  about  puberty.  Secondary  centres, 
for  the  coccygeal  coniua  and  epiphysial  plates  for  the  bodies  are  also  described.  Fusion 
of  the  various  segments  begins  below  and  proceeds  upwards,  but  is  liable  to  great  indi- 
vidual variation.     In  advanced  life  the  coccyx  is  often  ossified  to  the  sacrum. 

SERIAL  HOMOLOGIES  OF  THE  VERTEBRiE. 

It  is  a  self-evident  fact  that  the  vertebral  column  confiist«  of  a  numljer  of  segiuenta  or  verte- 
bra; all  possessing  some  characters  in  common.  These  vertebrie  or  segments  undergo  modifieatious 
according  to  the  region  they  occupy  and  the  functions  they  are  called  upon  to  serve,  so  that 
their  correspondence  and  identity  is  thereby  obscured.  There  is  no  difficulty  in  recognising  the 
homology  of  the  bodies  and  neural  arches  throughout  the  column.  According  to  some 
anatomists  the  neural  arch  is  the  more  primitive  element  in  the  formation  of  a  vertebra,  whilst 
others  hold  that  the  centra  are  the  foundation  of  the  column.  Be  that  as  it  may,  we  find  that  in 
the  higher  vertebrates,  at  least,  the  Ixxiies  ai'e  the  parts  which  most  persist.  They  are,  however, 
subject  to  modifications  dependent  on  their  fusion  with  one  another.  This  occurs  in  the  cervical 
part  of  the  column  where  the  centrum  of  the  first  cervical  or  atlas  vertebra  has  for  functional 
reasons  become  fused  with  the  body  of  the  second  or  axis  vertebra  to  form  the  odontoid  proces;; 
of  that  segment  For  similar  reasons,  and  in  association  with  the  union  of  the  girdle  of  the 
hind-limb  with  the  column,  the  bodies  of  the  vertebne  which  correspond  to  the  sacral  segment 
l>ecome  fused  together  to  form  a  solid  mass.  In  the  terminal  portion  of  the  caudal  region 
the  centra  alone  represent  the  vertebral  segments. 

As  regards  the  neural  arch,  this  in  man  becomes  deficient  in  the  lower  sacral  region,  and  absent 
altogether  in  the  lower  coccygeal  segments.  The  spinous  processes  are  absent  in  the  case  of  the 
first  cervictal,  lower  sacral,  and  all  tlie  coccygeal  vert«brie,  and  display  chamcteristic  diftVrence? 
in  the  cervical,  thoracic,  and  lumbar  regions,  which  have  l^een  already  described.  The  arti«*iilar 
processes  (zygaix>physes)  are  secondary  aevelopments,  and  display  great  diversity  of  form,  deter- 
mined by  their  functional  requirements.  It  is  noteworthy  tliat,  in  the  case  of  the  upper  two 
cervical  vertebra?,  they  are  so  disposed  as  to  lie  in  front  of  the  foramina  of  exit  of  the  uppr 
two  spinal  nerves,  and  by  this  arrangement  the  weight  of  the  head  is  transmitted  to  the  solid 
colunm  formed  bv  the  verti*bral  Ixxlies,  and  not  on  to  the  series  of  neural  arches.  It  is  in 
regartl  to  the  homology  of  the  transvei-se  i)rocesses,  so  called,  that  most  difiiculty  arise.^.  In  the 
thoracic  region  they  can  best  be  studied  in  their  simplest  form  ;  here  the  ril>s — which  Gegen)>auer 
regards  as  a  diflerentiation  from  the  inferioF  or  haemal  arches,  in  opjxxsition  to  the  view  advanced 
by  others  that  they  are  a  secondary  development  from  the  fibrous  intermuscular  septa-^articulate 
with  the  transvei"se  processes  and  Ixxiies  of  the  thoracic  vertebrae  through  the  agency  of  the 
tubercular  (diapophysis)  and  capitular  (parapoj)hvsis)  j)rocesses  respectively,  the  latter  Wing 
placed,  strictly  speaking,  on  the  neural  arch  behmd  the  line  of  the  neuro-central  synchondi-osis. 

An  interval  is  thus  left  between  the  neck  of  the  rib  and  the  front  of  the  transvei-se  proce>s ; 
this  forms  an  arterial  passage  which  corresjionds  to  the  vertebrarterial  canal  in  the  transveive 
processes  of  the  cervical  vertebne,  the  anterior  bar  of  which  is  homologous  with  the  head  and 
tubercle  of  the  thoracic  rib,  whilst  the  posterior  part  lies  in  series  with  the  thoracic  transver^e 
prrxjess.  These  homologies  are  further  emphasised  by  the  fact  that  in  the  case  of  the  seventh 
cervical  vertebra  the  anterior  limb  of  the  so-called  transverse  process  is  developed  from  an 
independent  ossific  centre,  which  occasionally  persists  in  an  independent  form  as  a  cervical  ril). 

In  the  lumbar  region  the  external  or  transvei-se  process  is  serially  homologous  w'ith  the 
thoracic  ribs,  though  here,  owing  to  the  coalescence  of  the  contiguous  parts,  there  is  no  arterial 
channel  between  the  rib  element  and  the  true  transvei-se  pnx^ess,  which  is  represented  by  the 
accessory  processes  (anapophysis),  placed  posteriorly  at  the  root  of  the  so-called  transverse 
process  of  human  anatomy.  Support  is  given  to  this  view  by  the  i)resence  of  a  distinct  costal 
element  in  connexion  witli  the  transverse  process  of  the  fii*8t  lumbar  vertebra,  which  acconnt.** 
for  the  occasional  formation  of  a  supernumerary  rib  in  this  region.  The  case*  of  foramina  in  tin* 
transvei-se  processes  of  the  luml)ar  vertebne  (nee  p.  83)  arealsonoteworthyassupporting  this  view. 

In  the  sacrum  the  lateral  mass  of  the  lx)ne  is  made  uj)  of  combined  transverse  and  costal 
elements,  with  only  very  exceptionally  an  intervening  arterial  channel  (see  p.  8(5).  In  the 
case  of  the  upper  three  sacral  segments  the  costal  elements  are  largelv  (leveloj)ed,  assist  in 
supporting  the  ilia,  and  are  called  the  true  sacral  vertebne ;  whilst  the  lower  sacral  segments 
which  are  not  in  contact  with  the  ilia,  are  referred  t^)  as  the  pseudo-sacral  vertebra?. 

The  anterior  arch  of  the  atlas  vertebra  is,  according  to  Froriep,  developed  from  a  hyjxxrliordal 
strip  of  oirtilage  (hypochordal  spange). 

THE  STERNUM. 

The  sternum  or  breast  bone  occupies  the  middle  of  the  upper  part  of  the 
thoracic  wall  anteriorly.  It  is  connected  laterally  with  the  cartilages  of  the  first 
seven  ribs,  and  supports,  superiorly,  the  clavicles.  It  consists  of  three  parts,  named 
respectively  the  manubrium  or  presternum;  the  body  (corjius  sterni),  gladiolus  or 
mesostemum;  and  the  ensiform  or  xiphoid  cartilage  (processus  xiphoideus)  or  the 
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metastemtun.     Of  these  the  body  ie  formed  by  the  fuBioii  in  early  life  of  four 

i^efiruients  or  aleniebne. 

The  manabriiiiii,  usually  separate  tliroughout  life  from  the  rest  of  the  bone, 

though  oc£<isiaiially  fused  with  it,  is  of  a  fattened  triangular  form.     The  anterior 

surface,  slightly  saddle- shaped,  affords  attachment  to  the  fibres  of  the  pectoralis 

major  and  sterno- mastoid  muscles.     It  is  bounded  above  by  a  thick  i)order,  the  lateral 

parts  of  which  are  hollowed  out  obliquely 

tu  form  the  facets  (incisune  clavicii  lares)  ini«ci.vkBi«r  nowh 

for  the   sternal   ends  of   the   clavicles ; 

around  the  facets,  which  have  an  upward, 

outward,  and  slightly  backward  direction, 

the   iioue  is  faintly  lipped.     In  the  in- '' 

t*TvaI  between  these  two  facets  there  is  " 

a  slight  notch  (incisura  jugularis)  which 

forms  the  floor  of  the  characteristic  hollow 

st-t-n  at  the  root  of  the  neck  anteriorly—  "' 

the  suprasternal  notch,  or  pit  of  the  neck. 

The    lateral   borders  are  excavated  im- 
mediately below  the  clavicular  facets  for 

the    reception   of  the  cartilages  of   the 

timt  ribs.    Itelow  this,  the  margin  of  the 

Ix'ue  slopes  inwards,  and  is  sharp,  except 

inferiorly,  where  it  presents  a  facet  which 

supports   a    part   of   the   second   costal 

cartilage.  Around  this  the  bone  is  usually 

lipped    anteriorly.      The    upper    angles 

correaj>ond  to  the  ridge  separating  the 

clavicular   facets    from   the   first   costal 

lacets :    whilst   the  lower  angle,  which 

may  be  regarded   as  cut  across   trans- 

^■erfiely,  forms  the  surface  which  is  united 

by  cartilage  to  the  Ixxly  of  the  sternum,  iv 

The  anterior  edge  of  this  surface  is  usually 

|irominent.     The  posterior  aspect  of  the 

luaaubrium  is  smoother  than  the  anterior, 

IS   pierced   by  numerous   foramina,  and 

is  slightly  concave  from  siite  to  side  and  ^ 

above   downwards.     Here   are  attached 

some  of  the  fibres  of  the  sterno-byoid 

and  sterno- thyroid  muscles. 

The  body  (corpus  sterni),  usually  ^' 
lwic«  the  length  and  from  half  t»  two- 
tliirds  the  width  of  the  manubrium,  dis- 
plays evidence  of  its  eomjiosite  nature. 
If  the  anterior  surface,  which  is  slightly 
conve-vfrom  above  dowuwards,and  faintly 
concave  from  side  to  side,  be  carefully 
examined,  three  ill-marked  ridges  may  be 

seen  crossing  it  transversely ;  these  cor-  p,o  73._t„b  stersi.-ii  {anterior  view). 

re.'ipond  to  the  lines  of  fusion  between  the 

lour  primitive  segments.  To  this  surl'ace  of  the  bone  the  great  pectoral  muscles 
are  extensively  attached  on  either  side  of  tlie  middle  line.  The  lateral  borders  are 
thick  and  interrupted  at  points  corresponding  to  the  transverse  lines  already 
mentioned  by  U-shaped  hollows,  the  edges  of  which  are  more  or  less  projecting. 
These  are  for  the  reception  of  the  cartilages  of  tlie  third,  fourth,  and  fifth  ribs. 
Thf  iip-per  border  is  united  to  the  manubrium  above,  and  forms  with  it  an  angle 
of  variable  degree— the  sternal  angle  (angulus  sterni).  A  small  facet  is  formed  at 
the  expense  of  the  outer  extremity  of  this  border,  and  in  conjunction  with  the 
facet  on  the  lower  edge  of  the  manubrium  forms  a  recess  on  either  side,  in  line  with 
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the  angle,  into  which  the  cartilage  of  the  aecoud  rib  fits.  The  lower  border  of  the 
body  is  curved,  and  is  united  in  the  middle  line  with  t)ie  xiphoid  cartilage,  whilst  od 
either  side  it  is  pitted  to  receive  the  cartilages  of  the  sixth  and  seventh  ribs,  the 
latter  being  in  part  supported  by  the  xiphoid  cartilage.  The  middle  line  of  the  body 
of  the  sternum  anteriorly  corresponds  to  the  floor  of  the  median  surface  furrow,  which 
runs  down  the  front  of  the  chest  in  the  interval  between  the  two  great  pectoral 
muscles.  The  poaterior  surface  is  slightly  concave  from  above  downwards,  and 
displays  faint  indications  of  three  transverse  lines  in  correspondence  witli  thow 
placed  anteriorly.  It  is  in  relation  with  the  pleura  and  pericardium,  and  aETords 
attachment  at  its  lower  extremity  to  the  triangularis  stemi  muscle. 

The  xiphi-Bternam  (processus  xiphoideus)  displays  many  varieties  of  form  and 
structure.  It  is  a  pointed  process  of  cartilage,  supported  by  a  core  of  l)ODe  con- 
nected above  with  the  lower  end  of  the  body  of  the  sternum,  and  having  its  lower 
extremity,  to  which  the  linea  alba  is  attached,  free.  It  lies  somewhat  posterior  tu 
the  plane  of  the  anterior  surface  of  the  manubrium,  and  forms  a  Hoor  to  the  V- 
shaped  interval  between  the  cartil^es  of  the  seventh  ribs.  In  this  way  a  depression 
is  formed,  the  surface  hollow  in  correspondence  with  which  is  called  the  pit  of  the 
stomach  or  inihistenul  depression.  To  the  sides  of  this  process  are  attached  the 
aponeuroses  of  the  abdominal  muscles,  whilst  posteriorly  the  fibres  of  the  diaphragm 
and  triangularis  stemi  muscles  derive  attachment  from  it.  It  remains  partly 
cartilaginous  until  middle  life,  at  which  time  it  generally  undergoes  ossification, 
particularly  at  its  upper  part,  which  becomes  fused  with  the  body.  Of  varied 
form,  it  may  be  met  with  of  spatula-shape,  bifid,  circular,  pierced  in  the  centre,  or 
twisted  and  deflected  to  one  or  other  side,  or  turned  forward. 

The  stemttm  as  a  whole  is  broadest  above  where  the  first  rib  cartilages  are 
attached.  It  becomes  narrow  opposite  the  second  rib  cartilages,  hut  again  exi>an()»( 
until  the  level  of  the  fifth  rib  cartilage  is  reached,  below  which  it  is  raiiidly 
reduced  in  width  and  ends  below  in  the  pointed  xiphoid  cartil^e.  Its  position  in 
the  body  is  oblique  from  above  downwards  and  forwards;  its  axis,  if  prolonged 

upwards,    would     touch     the 

column  opposite  the  third  or 

,  fourth    cervical   vertebra. 

Though  liable  to  changes  in 
position  by  the  rising  and  fall- 
ing of  the  chest  wall,  its  upper 
extremity  corresponds  to  the 
"  level  of   the  lower  lM)rder  of 

the  second  dorsal  vertebra, 
whilst  the  lower  end  of  tlie 
xiphoid  cartilage  usually  falls 
in  line  with  the  disc  between 
^  the  tenth  and  eleventh  dorsal 
vertebne. 
At  birtli.  Ill  woiin'ii  ilie  sternum  is  usually 

narrower  and  shorter  tliau  in  men, 
and  its  position  lew  oblique 
Arcnitectnre.— It   consiiits  of 
At  3  yean  large-celled  soongy  bone,  which  is 

liiglily  vascular,  and   is  conlaioed 
.    KID.  74.-08sii'iCATTON  OF  THE  Htibnuu.  between  two  layers  of  thin  compact 

Iti  this  figure  the  secomt  bs  bl-II  m  Ih*  third  aegiufiit  of  the  body        tissue. 

l.o-.'«saca  tVfo  cent™.  OSSlflCatiOn.  —  The     Carti- 

1.  Appean  «boat  &th  or  Bij:lh  month.     2.  Appear  about  7th    ]aeinous       sternum,      developed 

motith  ;  ui>il«  from  20  to  2.'>.     3.  Appear  aliout  Stb  or  ninth  mouth  ;.  .■       ,.  n        >:„ 

[[].   segment  u.dtex   with    II.  alK.ut'TmWty  ;  IV.  .=gm.,it  united     ^'°"',  ''"-'   f'"*'™   '"es«>lly  of  t«0 

I  with  111.  iu  early  childhooJ.      4.  Appenrs  about  3r.i  yirar  or  later.         cartilaginous    bands  uniting  the 

1  anterior  cutremities  of  the  carti- 

I  lages  of  the  first  c'ght  ribs,  according  to  the  rcsenrches  of  Rugo  and  more  recently  of 

]  Eggeling,  begins  to  osnify  about  the  sixth  month  of  Fa'tal  life.     Alwut  this  time  a  single 

I  centre  appears  in  the  manubrium ;  at  birth  this  is  well  developed.    Secondary  epiphyses  have 

been  described  in  connexion  with  the  clavicular  facets  ;  these  do  not  unite  with  the  re^t  of 
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the  manubrium  till  adult  life  is  reached.  The  body  formed  by  the  fusion  of  four  segments 
lA  ossified  from  independent  centres,  either  single  or  double,  for  each  segment.  These 
appear — the  highest  as  early  as  the  sixth  month  of  intrauterine  life — in  some  cases  even 
before  the  manubrium  has  begun  to  ossify  (Lambertz),  the  lowest  towards  the  end  of 
full  term.  The  common  arrangement  met  with  at  birth  is  a  single  centre  for  the  first, 
and  double  centres  for  each  of  the  succeeding  segments.  Union  between  these  segments 
occurs  rather  irregularly,  and  is  liable  to  much  variation.  The  fourth  unites  with  the 
third  segment  in  early  childhood,  the  third  with  the  second  about  puberty,  whilst  the 
fusion  of  the  second  with  the  first  segment  may  not  be  complete  till  the  twentieth  or 
twenty-fifth  year. 

The  xiphi-stemum  usually  ossifies  from  a  single  centre,  which  may  appear  as  early  as 
the  third  year,  though  often  very  much  later.  The  xiphi-stemum  usually  unites  with  the 
body  about  forty  or  fifty,  and  in  exceptional  cases  osseous  union  between  the  body  and 
manubrium  may  occur  in  advanced  life. 

According  to  Paterson  the  presternum  is  developed  in  association  with  the  shoulder 
girdle  and  becomes  only  secondarily  associated  with  the  ventrally  growing  ribs. 

Variations. — ^The  sternum  is  liable  to  considerable  individual  variations  affecting  its  length 
and  direction.  The  majority  of  bones  are  asymmetrical,  displaying  irregularities  in  tne  levels  of 
the  clavicular  facets.  The  higher  costal  facets  may  be  closer  together  on  one,  usually  the  right 
side,  than  the  other,  whilst  the  pre-mesostemal  joint  is  often  oblique,  sloping  somewhat  to  the 
right.  According  to  Birmingham,  these  are  the  result  of  the  strain  thrown  on  the  shoulder  by 
pressure  either  directly  applied  or  through  the  pull  of  a  weight  carried  in  the  hand. 

Sometimes  the  sternum  articulates  with  eight  rib  cartilagea  This  may  happen  on  one  or 
both  sides,  but  when  unilateral,  much  more  frequently  on  the  right  side — ^a  condition  by  some 
a^ociated  with  right-handedness.  It  is,  however,  more  probably  a  persistence  of  the  primitive 
condition  of  the  cartila^nous  sternum,  in  which  each  half  is  connected  with  the  anterior 
extremities  of  the  first  eight  costal  arches.  In  some  rare  cases  onlv  six  pairs  of  ribs  articulate 
by  means  of  their  costal  cartilages  with  the  sternum.  Recently  Lickley  has  brought  forward 
evidence  to  show  that  the  seventh  rib  is  undergoing  regressive  changes.  (Anat  Am,  voL  xxiv. 
p.  326.) 

Oc<»sionaIly  the  presternum  supports  the  first  three  ribs ;  in  other  words,  the  manubrium 
has  absorbed  the  hignest  segment  of  the  body.  Keith  has  pointed  out  that  this  is  the  condition 
most  commonly  met  with  in  the  gibbon,  and  regards  its  occurrence  in  man  as  a  reversion  to  the 
simian  type.  As  far  as  is  at  present  known,  its  occurrence  seems  more  common  in  the  lower 
races.  Through  errors  of  development  the  sternum  may  be  fissured  throughout,  due  to  failure 
of  fusion  of  the  cartilaginous  hemistema.  The  two  ossified  halves  are  usually  widely  separated 
above,  but  united  together  below  by  an  arthrodial  joint.  The  heart  and  pericardium  arc  thus 
uncovered  by  the  bone.  Occasionally  this  condition  is  associated  with  ectopia  cordis,  under 
which  circumstances  life  is  rendered  impossible.  Through  defects  in  ossification  the  mesostemum 
may  be  pierced  by  a  hole,  usually  in  its  lower  part,  or  through  failure  of  fusion  of  the  lateral 
centres  one  or  more  of  the  segments  of  the  body  may  be  divided  longitudinally. 

Occasionally  small  ossicles  are  found  in  the  ligaments  of  the  stemo-clavicular  articulation. 
These  are  the  so-caUed  epistemal  bones,  the  morphological  significance  of  which,  however,  has 
not  yet  been  satisfactorily  determined.  They  are  by  some  regarded  as  the  homologues  of  the 
interclavicle  or  epistemal  bone  of  monotremes. 

THE  RIBS. 

The  ribs  (costse)  of  which  there  are  twelve  pairs,  form  a  series  of  curved  osseous 
bands  which  support  the  thoracic  wall;  posteriorly  they  articulate  with  the 
thoracic  or  dorsal  vertebrae,  anteriorly  each  rib  is  provided  with  a  costal  cartilage. 
The  first  seven  ribs  articulate  with  the  sternum  by  means  of  their  cartilages,  and 
are  termed  the  true  (costse  verae)  or  vertebro-stemal  ribs.  The  lower  five  ribs  are 
not  so  supported,  and  are  described  as  the  false  ribs  (costae  spurije).  Of  these  the 
eighth,  ninth,  and  tenth  are  united  by  their  cartilages  to  the  cartilage  of  the 
seventh  rib,  and  are  called  the  vertebro-cliondral  ribs,  whilst  the  last  two  ribs  are 
free  at  their  anterior  extremities,  and  are  named  the  floating  or  vertebral  ribs. 

A  typical  rib  consists  of  a  head  (capitulum  costae),  a  neck  (collum  costae),  a 
tabercle  (tuberculum  costae),  and  a  shaft  (corpus  costae),  on  which,  near  its  posterior 
end,  is  the  angle  (angulus  costae). 

The  head,  placed  on  the  posterior  or  vertebral  end  of  the  bone,  is  somewhat 
expanded.  Internally  its  articular  siurface  is  wedge-shaped  and  divided  into  two 
parts,  an  upper  and  lower,  by  a  ridge  or  crest  (crista  capituli),  to  which  the  inter- 
articular  ligament  is  attached.  Of  these  two  facets  the  lower  is  usually  the  larger, 
and  articulates  with  the  upper  facet  on  the  body  of  the  vertebra  in  numerical 
correspondence  with  it,  whilst  the  upper  facet  is  for  the  corresponding  area  on  the 
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lower  part  of  the  body  of  the  vertebra  above.     The  head  is  supported  by  a  more 

or  leas  conetricted  bar  of  bone,  the  neck.     This  becomes  continuous  with  the  shaft 

externally,  at  which  point  there  is  a  well-marked  tubercle  on  its  posterior  surface. 

The  anterior  Hurface  of  the  neck  is  amootli;  its  posterior  aspect  is  rough,  and 

pierced  by  numerous 

small  holes  for  vessels.    """'     '*"''       '^'''•"•''' 

Here  is  attached  the 

middle    cos  to  -  trans  - 

verse  ligament.     Kot 

uncommonly      the 

upper  border  of  the  f 

neck    is    lipped   and 

ridged     (crista    colli 

costfe),   and    affords    attacl 

transverse  ligament. 

The  tubercle  consists  of 
part ;  the  former  is  interna 
articular  surface,  of  round 
downwards,  backwards,  and 
a  facet  on  the  transverse  proi 
correspondence  with  the  rib, 
prominent  in  the  upper  ribf 
costo- transverse  ligament  i 
separated  from  the  upper 
by  a  groove,  in  which  lies  the 
division  of  the  thoracic  ner^ 

The  shaft  (corpus  costa 
like.  Its  length  varies  mi 
which  are  usually  the  longi 
three  times  the  length  of  th 
ively.  The  shafts  are  curv* 
form  of  the  thoracic  wall,  M 
of  the  series,  where  the  sha 
out  in  the  middle  and  tov 
the  diameters  of  that  ca\ 
however,  is  not  uniform, 
the  bone,  it  will  be  seen  to  I 
hinder  part,  where,  in  con 
which  the  bend  is  most  proi 
placed  obliquely  across  the 
is  the  angle  (angulus  costfi 
angle  and  the  tubercle  is  gr 
that,  the  width  betweeik  thee 
until,  in  the  case  of  the  fire 
the  level  of  the  eighth  rib  t 
in  conformity  with  the  gei 
below  that  level 

Combined  with  this  curvc,  mcio  in  lu  uiunj  «■  mic  nuo       v.^^ Forc(wuiDiiiiUK.-o 

a  twist.     This  may  best  be  understood  if  the  student  will    „  ,  -,     p 

take  a  strip  of  stiff  paper  and  bend  it  in  the  form  of  the      "'^g  ^^Tn  fm»m  Bilob. 

curve  of  the  rib.     If,  after  he  has  done  this,  he  pulls  down 

the  fore  end  and  turns  up  the  hind  end  of  the  strip,  he  will  have  imparted  to  the 

strip  of  paper  a  twist  simitar  to  that  met  with  in  the  rib.     This  appearance  is 

beat  seen  in  the  middle  members  of  the  series,  notably  in  the  seventh  and  eighth 

ribs,  above  and  below  which  it  gradually  becomes  leas  marked.     It  is  the  occurrence 

of  this  twist  which  prevents  the  extremities  of  the  ribs,  to^icther  with  the  shaft, 

from  resting  on  the  same  plane  surface.     To  this  rule  there  are  certain  notable 

exceptions,  viz.  the  firat  and  second,  the  twelfth,  and  not  infrequently  the  eleventh. 

The  shaft  has  two  surfaces,  an  internal  and  an  external,  and  two  borders,  a 
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superior  and  an  inferior.  The  external  surface,  which  is  amooth,  conforms  to  the 
geDeral  vertical  convexity  of  the  thorax,  being  directed  upwards  in  the  first  rib, 
upwards  and  outwards  iu 
the  higher  ribs,  outwards  iu 
the  middle  series,  and  out- 
wards and  slightly  down- 
wards iu  the  tenth,  eleventh,  WTWBK  '  -^  '.IWLMWgg-.-^iBit  -t  mbm] 
aDd  twelfth.  The  internal 
Kiirfaces  are  arranged  con- 
versely and  are  covered  by 
the  parietal  pleura.   Towards   ' 

the  sternal  end  of  the  middle  

ribs,   where    the   downward      ^^S/fi^  Anieui»r  purtortu 

twist  is  moat  marked,  there 
is  often  an  oblique  line  across  j^^^  7fl.-FihTa  Bwht  Rib  as  sbm  from  Behind. 

the  outer  surface.     This  is 

sometimes  referred  to  as  the  anterior  angle.     The  upper  border  of  the  shaft  is  thick 
and  rounded  behind,  thinner  and  sharper  in  front ;  to  it  are  attached  the  tibres  of 
the  internal  and  external  intercostal  muscles.     The  lower  border  is  grooved  behind 
at  the  expense  of  the  inner  surface,  and  is  overhung  externally  by  a  sharp  matgin. 
Anteriorly  this  snbcostal  groove  (sulcus  costalia)  fades  away,  and  its  lips  coalesce 
to  form  a  rounded  edge.     The  inter- 
costal vessels  and  nerve  are  lodged  in 
this  groove,  whilst  its  lips  afford  at- 
tachment to  the  external  and  internal 
intercostal  muscles  respectively.     On 
the  floor  of  the  groove  may  also  be  seen 
the   openings   of  the  canals   for   the 
transmission  of  the  nutrient  vessels, 
which  are  directed  towards  the  vertebral 
end  of  the  rib. 
1 3  The  anterior  or  sternal  extremity 

J§  of  the  shaft,  often  slightly  enlarged, 

Sf  displays   an   elongated   oval   pit   into 

J-|  which  the  costal  cartilage  is  sunk. 

1 1  Peculiar  Bibs. — The  first,  second, 

ij  tenth,  eleventh,  and  twelfth  ribs  all 

^  o  display  characters  by  which  they  can 

be  readily  recc^ised. 

The  first  rib  can  be  easily  distin- 
guished  from  the  others  by  its  size, 
curvature,  and   flattened   form.     The 
head,  which   is   of  small   size,  has  a 
single  oval  or  circular  facet,  which  is 
directed   inwards  and  slightly  back- 
wards  for  articulation  with  the  side 
of  the  body  of  the  first  thoracic  verte- 
bra.    The  neck  is  flattened  from  above 
downwards.and  is  slightly  down-turned 
FiQ.  77.-FiasT  ANB^SBroND  Right  Riaa  as  been       towards  the  end  which  supports  the 
head.     Its  anterior  border  is  rounded 
and  smooth ;  its  posterior  edge  rough  for  the  attachment  of  ligaments.     At  the 
]K)int  where  the   neck   joins   the  shaft  posteriorly,  a  prominent  tubercle  curves 
upwards  and  backwards.     The  inner  and  under  surface  of  this  process  has  a  small 
circular  facet  which  rests  on  a  corresponding  articular  surface  on  the  transverse 
process  of  the  first  thoracic  vertebra.     The  angle  coincides  with  the  tubercle,  and 
thus  assists  in  emphasising  its  prominence.     The  surfaces  of  the  body  of  the  rib 
are  directed  u])wardi  and  downwards,  its  borders  inwards  and  outwards.     If  the 
finger  be  run  along  the  thin  inner  border,  a  distinct  spine  or  tubercle  can  bo  readily 
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felt  about  an  inch  or  an  inch  and  a  quarter  from  its  anterior  extremity.  This 
is  the  scalene  tubercle  (tuberculum  scaleni)  for  the  attachment  of  the  scalenus 
anticus  muscle.  There  is  a  shallow,  oblique  groove  crossing  the  upper  surface 
of  the  shaft  in  front  of  this  for  the  lodgment  of  the  subclavian  vein ;  whilst  behind 
the  tubercle  there  is  another  groove,  usually  better  marked,  and  passing  obliquely 
forwards  for  the  subclavian  artery  (sulcus  subclaviae).  The  space  on  the  upper 
surface  of  the  rib  between  this  latter  groove  and  the  tubercle  posteriorly  is  some- 
what rough,  and  affords  attachment  to  the  fibres  of  the  scalenus  medius  muscle. 
The  anterior  extremity  of  the  rib  is  thickened  and  often  expanded  for  the  reception 
of  its  costal  cartilage,  which  is  not  infrequently  ossified  The  under  surface  of  the 
rib  is  smooth  and  is  covered  by  pleura.  The  outer  convex  border,  thin  in  front, 
is  usually  thick  and  rough  behind  the  subclavian  groove,  where  it  has  attached  to 
it  the  fibres  of  the  first  digitation  of  the  serratus  magnus.  Along  this  edge,  also, 
are  attached  the  external  and  internal  intercostal  muscles  of  the  first  intercostal 
space.  The  inner  concave  border  is  thin,  and  has  connected  with  it  the  aponeurotic 
expansion  known  as  Sibson's  fascia. 

The  second  rib  may  be  distinguished  by  the  size  of  its  curve ;  the  absence  of 
any  twist  on  its  shaft,  so  that  it  can  be  laid  flat  on  the  table ;  the  oblique  direction 
of  the  surfaces  of  its  shaft,  the  outer  being  directed  upwards  and  outwards,  whilst 
the  inner  is  turned  downwards  and  inwards ;  and  the  presence  of  a  well-marked, 
rough,  oval  area  about  the  middle  of  its  outer  surface  and  lower  border  for  part 
of  the  first,  and  the  whole  of  the  second  digitation  of  the  serratus  magnus  muscle. 
The  head  has  two  facets,  and  the  angle  is  close  to  the  tubercle  posteriorly. 

The  tenth  rib  has  usually  only  a  single  articular  facet  on  the  head,  and  may  or 
may  not  have  a  facet  on  the  tubercle. 

The  eleventh  and  twelfth  ribs  are  recognised  by  their  length.  Their  heads, 
usually  large  in  proportion  to  their  shafts,  support  a  single  facet  for  articulation 
with  the  eleventh  and  twelfth  dorsal  vertebrae  respectively.  The  tubercles  are  ill- 
developed  and  have  no  articular  facets.  The  angle  is  faintly  marked  on  the 
eleventh,  scarcely  perceptible  on  the  twelfth.  Their  anterior  extremities  are  narrow 
and  pointed  and  tipped  with  cartilage.  The  subcostal  groove  is  absent  in  the 
twelfth,  and  but  slightly  seen  in  the  eleventh.  The  twelfth  is  considerably  shorter 
than  the  eleventh  rib. 

Architecture. — Each  rib  consists  of  a  curved  and  flattened  bar  of  bone,  the  interior  of  which 
is  loose  and  cancellous,  whilst  the  investing  envelope  is  compact  The  inner  table  is  much  the 
stronger,  attaining  its  maximum  thickness  opposite  the  angle — in  front  and  behind  which  it 
becomes  graduallv  reduced.  The  outer  table,  much  thinner,  is  stoutest  opposite  the  angle ;  on 
the  posterior  surface  of  the  tubercle  and  neck  it  forms  but  a  thin  layer.  The  compact  layers 
forming  the  upper  and  lower  borders  ai'e  not  so  thick  as  those  forming  the  inner  and  outer 
surfaces.  The  cancellous  tissue,  loose  and  open  in  the  shaft,  is  most  compact  in  the  region  of  the 
head  and  towards  the  anterior  extremity. 

Variations. — The  number  of  ribs  may  be  increased  or  diminished.  Increase  may  occur  by 
the  addition  of  a  cervical  rib  due  to  the  independent  development  of  the  costal  element  in  the 
transverse  process  of  the  seventh  cervical  vertebra.  This  may  happen  on  one  or  both  side&  The 
range  of  development  of  these  cervical  ribs  varies ;  they  may  unite  in  front  with  the  sternum, 
or  they  may  be  fused  anteriorly  with  the  cartilage  of  the  first  rib,  or  the  cervical  rib  may  be 
free.  It  may  in  some  instances  be  represented  mainly  by  a  ligamentous  band,  or  its  vertebral 
and  sternal  ends  may  be  alone  developed,  the  intermediate  part  being  fibrous.  At  times  the 
vertebral  end  only  mav  be  formed  and  may  be  fused  with  the  first  rib,  thus  leading  to  the 
formation  of  a  bicipital  rib  such  as  occurs  in  many  cetaceans.  Increase  in  the  number  of  ribs 
may  also  be  due  to  the  ossification  of  the  costal  element  which  is  normally  present  in  the  embryo 
in  connexion  with  the  first  lumbar  vertebra.  (Rosenberg,  Morph,  Jahrh.  i.)  Beduction  in  the 
number  of  ribs  is  less  common.  The  twelfth  rib  rarely  aborts ;  in  some  cases  the  first  rib  is 
rudimentary.  Cases  of  congenital  absence  of  some  of  the  ribs  have  been  recorded  by  Hutchinson, 
Murray,  and  Ludeke. 

Fusion  of  adjacent  ribs  may  occur.     (Lane,  Guxfs  Hosp.  Rq)ort$,  1883.) 

Variations  in  form  may  be  m  gi'eat  part  due  to  the  occupation  of  the  individual  and  the  con- 
stricting influence  of  corsets.  Independently  of  these  influences,  the  fore  part  of  the  shaft  is 
sometimes  cleft  so  as  to  appear  double ;  at  otiier  times  the  cleft  may  be  incomplete  so  as  to  form 
a  perforation.  Occasionally  adjacent  ribs  are  united  towards  their  posterior  part  by  processes 
havinff  an  intermediate  ossicle  between  (Meckel),  thus  recalling  the  condition  normally  met  with 
in  birds ;  more  usually,  however,  the  bony  projections  are  not  in  contact. 

The  number  of  true  or  vertebro-stemal  ribs  may  be  reduced  to  six,  or  increased  to  eight  (:$ee 
ante,  p.  97). 
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Ossification. — Ossification  begins  in  the  cartilaginous  ribs  about  tfie  (jiith  week,  and 
rapidly  extends  along  the  shaft,  so  that  by  tiie  end  of  the  third  month  it  has  reached  the 
permanent  costil  cartilage.  The  sixth  and  seventh  ribs  are  the  earliest  to  ossify ;  the 
first  rib  being  the  last  (Lambertz).  At  puberty,  or  before,  secondary  centres  appear. 
Of  these  there  are  three — an  epiphysis  for  the  articular  surface  of  tlie  tubercle,  one  for  the 
nou-articular  part  of  the  same  process,  and  one  for  the  head.  By  the  twonty-fifth  year 
fusion  between  these  and  the  shaft  is  complete. 

THE  COSTAL  CAETILAGES. 
Tlie  costal  cartilages,  of  which  there  are  twelve  pairs,  are  bars  of  hyaline 
cartilage  united  to  the  anterior  extremities  of  the  ribs,  into  which  they  are  recessed 
and   held   in   position   by  the   periostenni.      Through   these  cartilages   the   first 
seven  ribs  are  connected  directly  with  the  sternum  by  means  of  synovial  joints 
corresponding  to  the  notches  along  the  margins  of  the  breast  hone.     To  this  there 
is  an  exception  in  the  case  of  the  first  rib,  the  cartilage  of  which  is  directly  blended 
with  the  manubrium  sterni.     The  eighth,  ninth,  and  tenth  are  connected  indirectly 
with  the  sternum  by  their  union  with  each  other,  and  their  articulation,  through 
the  medium  of  the  eighth,  with  the  seventh  rib  cartilage,  whilst  the  eleventh  and 
twelfth  cartilages  tip  the  riba  to  which  they  belong,  and  lie  free  in  the  muscles  of 
the  flank.     The  costal  cartilages  increase  in  length  from"  the  first  to  the  seventh, 
l>elow  which  they  become  shorter.     The   first  inclines  obliquely  downwards  and 
inwards  to  unite  with  the  upper  angles  of  the  manubrium.     The  second  lies  more 
or  less  horizontally.  The 
third    to    the    seventh 
gradually  become  more 
and  more  curved,  inclin- 
ing downward  from  the 
extremities  of  their  re- 
spective ribs,  and  then 
turning  upwards  to  reach 
the  sternum.   The  tenth 
cartilage  articulates  by 
means  of  a  synovial  joint 
with  the  ninth,the  ninth 
with  the  eighth,  and  the 
eighth  with  the  seventh. 
Tliere  are  also  surfaces 
for  the  articulation   of 
the    seventh   with    the 
sixth, and  sometimes  for 
the  sixth  with  the  fifth. 

Variations.  —  Occa-  ' 

sionally  a  costal  cartilage 
is  unduly  broad,  and  may 
be  pierced  by  a  foramen. 
The  number  of  costal 
cartila^s  connected  with 
the  sternum  may  be  re- 
duced to  sii  or  increased 
to  eight  (see  p.  97).  In 
advanced  life  there  is  a 
tendency  towards  ossifica- 
tion in  the  layers  under- 
lying the  perichondrinm, 
more  particularly  in  the 
ease  of  the  first  rib  cartilage,  i 


Fill.  7S,— The  Thorax  as  smn  frou  thb  Fbon- 
which  it  may  bo  regarded  as  a  more  or  less  normal 


THE  THORAX  AS  A  WHOLE. 
The  bony  and  cartilaginous  thorax  is  barrel-shaped,  being  narrower  alwve  than 
Wlow,  and  compressed  from  before  backwards.     Its  posterior  wall  is  longer  than  its 
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anterior,  and  its  transverse  width,  which  reaches  its  maxiaiiiiu  opposite  the  eighth 
or  ninth  rib,  is  much  in  excess  of  its  sagittal  diameter.  This  is  largely  owinjj 
to  the  forward  projection  of  the  thoracic  part  of  the  vertebral  column  into  the 
thoracic  cavity. 

The  anterior  wall  is  formed  by  the  riba  and  rib  cartilages,  together  with 
the  sternum.    The  posterior  wall  comprises  the  thoracic  part  of  the  vertebral  column 

and  the  ribs  as  far  as  their 
angles.  Owing  to  the  back- 
ward curve  of  the  ribs,  and 
the  projection  forwards  of  the 
vertebral  bodies,  the  antero- 
posterior diameter  of  the 
thoracic  cavity  is  considerably 
greater  on  either  side  of  the 
middle  line  than  in  the  mesial 
plane,  thus  allowing  for  the 
lodgment  of  the  rounded  pos- 
terior borders  of  the  lunga 
For  the  same  reason  the  furrow 
on  either  side  of  the  spinous 
processes  of  the  thoracic  verte- 
brte  is  converted  into  a  broad 

Cve  (vertebral  groove),  the 
of  which  is  in  part  formed 
by  the  ribs  as  far  as  their 
angles.  The  grooves  so  formed 
are  each  occupied  by  the  fleshy 
mass  of  the  erector  spinai 
muscle. 

The  lateral  walls  are  formed 
by  the  costal  arches.  The  ribs 
which  run  obliquely  from 
above  downwards  and  forwards 
do  not  lie  parallel  to  each 
other,  but  spread  somewhat,  so 
that  the  intervals  between 
them  (intercostal  spaces)  are 
wider  in  front  than  behind. 

The    BDperior    aperture  or 

inlet  formed  by  the  body  of 

the  first  thoracic  vertebra  be- 

F.<..  79-Thb  Thohas  *b  smn  FBO-  TBE  RioHT  s-DB.         ^^^   ^^^.  a^ches  of  the  tirat 

nb    on   either  side,   and    the 

upper  border  of  the  manubrium  sterni  in  front,  is  contracted  and  of  reniform  shajie. 

The  plane  of  the  inlet  is  oblique  from  behind  downwards  and  forwards,  so  that  in 

expiration  the  upper  border  of  the  sternum  lies  on  a  level  with  the  disc  between 

the  second  and  third  thoracic  vertebrie. 

The  lower  aperture,  of  large  size,  is  bounded  in  the  middle  line  behind  by  the 
twelfth  thoracic  vertebra  ;  passing  thence  the  twelfth  ribs  slope  outwards,  down- 
wards, and  forwards.  From  these  a  lino  carried  horizontally  forwards  from  their 
tips  touches  the  end  of  the  eleventh  rib,  and  then  curving  slightly  upward  reaches 
the  cartilage  of  the  tenth  rib.  Here  it  follows  the  confluent  margins  of  the  car- 
tilages of  the  tenth,  ninth,  eighth,  and  seventh  ribs,  finally  reaching  the  xiphoid 
cartilage,  where  it  forms  with  the  costal  margin  of  the  opposite  side  the  subcostal 
angle,  the  summit  of  which  coincides  witli  the  xiphi-sterual  articulation ;  in 
expiration  this  joint  usually  lies  on  a  level  with  the  intervertebral  disc  between 
the  ninth  and  tenth  thoracic  vertebrie,  and  corresponds  with  the  surface  depression 
familiarly  known  as  the  pit  of  the  stomach.  The  inferior  aperture  of  the  thorax  is 
occupied  by  the  vault  of  the  diaphragm. 
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In  the  foDtal  condition  the  form  of  the  thorax  differs  from  that  of  the  adult.  It  is 
laterally  compressed — in  this  respect  resembling  the  simian  type.  Its  antero-posterior 
diameter  is  relatively  greater  than  in  the  adult.  At  birth  changes  in  form  take  place 
dependent  on  the  expansion  of  the  lungs;  during  subsequent  growth,  the  further  ex- 
pansion of  the  thoracic  cavity  in  a  transverse  direction  is  correlated  with  the  assumption 
of  the  erect  posture,  and  the  use  of  the  fore-limbs  as  prehensile  organs. 

Sexual  DifTerences.  —  The  thorax  of  the  female  is  usually  described  as  being 
proportionately  shorter  and  rounder  than  the  male.  It  also  tends  to  narrowness  in  the 
lower  segment.  It  is  hardly  necessary  to  point  out  that  the  natural  form  is  often 
modified  by  the  use  of  tight  or  ill-fitting  corsets. 

THE  BONES  OF  THE  SKULL  (Ossa  Cranii). 

The  term  skull  (cranium)  is  commonly  employed  to  signify  the  entire  skeleton 
of  the  head.  This  comprises  the  bony  envelope  which  surrounds  the  brain 
(cranium  cerebrale),  and  the  osseous  structures  which  support  the  face  (cranium 
viscerale,  ossa  faciei). 

In  catalogues  of  craniological  collections  the  terms  used  are  as  follows : — 
Skull       =  entire  skeleton  of  head,  including  the  mandible. 
Cranium  =  the  skull,  minus  the  mandible. 

Calvaria  =  that  part  of  the  skull  which  remains  after  the  bones  of  the  face  have 

been  removed  or  destroyed. 

The  cranium  cerebrale  is  composed  of  the  occipital  (os  occipitale),  the  sphenoid 
(os  sphenoidale),  the  ethmoid  (os  ethmoidale),  and  the  frontal  (os  frontale),  the  two 
parietals  (ossa  parietalia),  and  the  two  temporals  (ossa  temporaUa) — eight  bones  in  all. 

The  bones  of  the  face  (cranium  viscerale,  ossa  faciei)  include  the  following : — 
Two  single,  viz.  the  vomer  (vomer),  and  the  inferior  maxilla  or  mandible  (mandibula), 
and  twelve  bones,  arranged  in  pairs,  viz.  the  superior  maxillary  (maxillae),  malar  (ossa 
zygomatica),  palate  (ossa  palatina),  together  with  the  lachrjrmal  (ossa  lacrymalia), 
nasal  (ossa  nasalia),  and  inferior  turbinated  (conchse  inferiores} — fourteen  bones  in  all. 

According  to  the  scheme  of  international  nomenclature,  the  inferior  turbinals,  the 
lachrymals,  the  nasals,  and  the  vomer  are  included  under  the  cranium  cerebrale,  and  not 
with  the  cranium  viscerale. 

The  hyoid  bone  is  usually  described  along  with  the  skulL  If,  in  addition,  the 
bones  of  the  middle  e^r,  three  on  each  side  (malleus,  incus,  and  stapes),  be  in- 
cluded, the  skeleton  of  the  head  consists  of  twenty-nine  bones. 

The  separate  bones  will  first  be  described,  and  then  the  skull  will  be  considered 
as  a  whole  and  in  section. 

THE  SEPARATE  BONP:S  OF  THE  SKULL. 
The  Frontal  Bone. 

The  frontal  bone  (os  frontale),  situated  in  the  fore  part  of  the  cranium,  is  a 
single  bone  formed  by  the  fusion  in  early  life  of  two  symmetrical  halves.  It  con- 
sists of  a  fi'ontal  part,  which  corresponds  to  the  region  of  the  forehead ;  an  orbital 
part»  which  enters  in  the  structure  of  the  roof  of  the  orbits ;  and  a  nasal  part,  which 
assists  in  forming  the  roof  of  the  nasal  fossa?. 

The  frontal  part  (pars  frontalis)  is  the  shell-hke  portion  of  the  bone  which 
rises  upwards  above  the  orbital  arches.  Its  external  surface  is  rounded  from  side 
to  side  and  from  above  downwards.  This  convexity  is  most  pronounced  about 
1^  inches  above  the  orbital  margins  on  either  side  of  the  middle  line,  constituting 
what  are  known  as  the  frontal  eminences  (tubera  frontalia).  These  mark  the 
original  sites  of  the  centres  from  which  the  bone  ossifies.  The  lower  margin  of 
this  part  is  formed  on  either  side  of  the  middle  line  by  the  curved  orbital 
ntArgjng  (margincs  supraorbitales),  the  outer  and  inner  extremities  of  which 
constitute  the  external  and  internal  angular  processes  respectively.  The  latter 
descend  to  a  lower  lever  than  the  former,  and  articulate  with  the  lachrymal 
8h 
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bonea,  being  separated  from  each  other  by  a  rough  articulate  surface — the  nasal 
notch  for  the  naaal  and  superior  maxillary  bones.  The  curve  of  the  orbital 
margin  varies  in  different  individuals  and  races;  towards  its  inner  third  it  is 
crossed  by  a  groove,  not  unfrequently  converted  into  a  foramen — the  Bupraorbital 
notch  or  foramen  (incisura  sive  foramen  supraorbitalis).  Through  this  there  pass 
the  supraorbital  nerve  aud  artery.  Above  the  supraorbital  mai^in  the  character 
of  the  bone  displays  marked  differences  in  the  two  sexes :  in  the  male,  above  the 
interval  between  the  two  internal  angular  processes,  there  is  usuaUy  a  well-marked 
prominence,  called  the  (labella,  from  this  the  fulness  extends  outwards  above  the 
oriiital  margin,  varying  in  degree  and  extent,  and  forming  the  elevations  known  as 
the  supraorbital  or  superciliary  ridges  (arcus  superciliares).  The  prominence  of 
these  naturally  reacts  on  thecharacterof  the  supraorbital  mai^ins,  which  ore  thicker 
and  more  rounded  in  the  male  than  in  the  female.  Passing  upwards  over  the  glabella, 
the  remains  of  the  suture  which  originally  separated  the  two  halves  of  the  frontal  bone 
can  usually  be  seen ;  above  this  point  all  trace  of  the  suture  l'^  generally  obliterated. 


Fio.  80.— FaosTAL  Bone  (Aiit«riot  VUw). 

Extending  upwards  from  the  external  angular  process  is  a  well-marked  ridge, 
which  curves  upwards  and  slightly  inwards,  then  turning  Iwckwards  it  arches 
across  the  lateral  aspect  of  the  lione.  This  is  the  temporal  ridge  or  cr«Bt  (linea  tem- 
ix)ralis),  which  serves  to  separate  the  anterior  surface  of  the  frontal  portion  of  the 
bone  from  its  temporal  aspect.  The  latter  (facies  temporalis)  forms  the  floor  of  the 
upper  and  anterior  part  of  the  temporal  fossa,  and  serves  for  the  attachment  of  the 
temporal  muscle. 

The  orbital  part  of  the  Iwne  (i>ars  orbitalis)  consists  of  two  transversely -curved 
plates,  each  having  the  form  of  a  sextant ;  their  inner  edges,  which  are  cellular,  lie 
parallel  to  each  other,  and  are  separated  in  their  posterior  half  by  tlie  ethmoidal 
notch  (incisura  ethmoidalis),  in  which  the  ethmoid  tone  is  lodged.  The  edges  of 
the  notch  on  either  side  are  grooved  in  front  and  behind  by  the  anterior  and  posterior 
ethmoidal  foramina,  which  are  completed  when  the  ethmoid  is  in  din.  The  anterior 
transmits  the  internal  branch  of  the  nasal  nen-e  and  the  anterior  ethmoidal  vessels : 
the  ]>osterior,  the  posterior  ethmoidal  vessels.  In  front  of  the  ethmoidal  notch  is  the 
nasal  notch,  from  the  centre  of  which  the  nasal  process  jirojeets  downwards  and  for- 
wanls  to  terminate  in  the  naaal  spine  (spina  nasalis),  which  liaii  Itetwcen,  and  articii- 
late.H  with  the  nasal  bones  and  per|«ndiciilar  plate  of  tiie  ethmoid.     On  either  aide 
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of  the  root  of  this  proceaa  the  bone  is  grooved  obliquely  from  above  downwards  aud 
fonvarda,  and  enters  into  the  formation  of  the  narrow  roof  (pars  nasalis)  of  the 
nasal  foesse.  AQteriorlj  the  nasal  notch  is  limited  by  a  rough  U-shaped  articular 
siirfiic«,  the  median  part  of  which  articulates  with  the  nasal  bones,  whilst  ou  either 
side  the  nasal  processes  of  the  superior  maxillEe  are  united  with  it.  Behind  this, 
amid  the  brokeu  cells,  the  passages  leading  into  the  frontal  sinuses  are  readily 
distinguished,  and  here  the  inner  edges  of  the  orbital  plates  articulate  with  the 
lachrymal  bones. 

The  orbit&l  plate  is  thin  and  brittle.  In  front  it  is  bounded  by  the  superior 
orbital  margin,  just  within  which,  midway  between  the  internal  angular  process 
^nd  the  supraorbital  notch  there  is  a  small  shallow  depression  (fovea  trochlearia), 
often  displaying  a  spicule  of  bone  arising  from  its  edge  {spina  trochlearis),  which 
affords  attachment  to  the  pulley  of  the  superior  oblique  muscle  of  the  eyeball. 
Externally  the  orbital  plate  is  overhung  by  the  orbital  margin  and  the  external 
angular  process,  and  in  the  hollow  so  produced  (fossa  glandulse  lachrymalis)  the 
lachrymal  gland  is  lodged.  The  extremity  of  the  external  angnlar  proce8§  (pro- 
cfssxis  ZTgomaticuR)  articidatea  with  the  frontal  process  of  the  malar  bone.     Behind 


this  the  irregular  edge  of  the  orbital  plate  is  united  with  the  great  wing  of  the 
sphenoid  by  a  triangular  area,  which  also  extends  on  to  the  inferior  aspect  of 
tiie  temporaJ  surface  of  the  frontal  bone.  The  apex  of  the  orbital  plate,  for  the 
Mpace  of  atunt  half  an  inch,  articiilates  with  the  lesser  wing  of  the  sphenoid. 

The  cerebral  aur/ewe  of  the  bone  forms  a  fossa  in  which  lie  the  fore  and  under 
[arts  of  the  frontal  lobes  of  the  cerebrum,  the  convolutions  of  which  impress  their 
form  on  the  inner  aspect  of  the  bone.  Here,  too,  on  either  side  of  the  middle  line, 
may  be  seen  depressions  for  the  lodgment  of  Pacchionian  bodies.  Descending  from 
the  centre  of  the  upper  margin  of  the  bone  is  a  vertical  groove,  the  frontal  sulcus ; 
narrowing  tielow,  this  ends  iu  a  ridge — the  bootal  crest — ^which  nearly  reached 
ibe  fore  part  of  the  ethmoidal  notch,  where  it  terminates  in  a  small  orifice,  the 
foramen  ciecum,  placed  usually  iu  the  suture  between  the  fore  part  of  the  ethmois 
aud  the  frontal.  This  foramen  may,  or  may  not,  transmit  a  small  vein  from  the 
n<iBe  to  the  commencement  of  the  superior  longitudinal  sinus.  This  sinus,  which 
is  interposed  between  the  layers  of  tlie  falx  cerebri,  is  at  first  attached  to  the 
fmutal  crest,  but  subsequently  occupies  the  frontal  sulcus.  Deeply  concave  from 
.side  to  side  and  from  above  downwai^s,  the  lateral  aspects  of  the  fussa  are  seen  to 
It  traversed  by  small  grooves  for  the  anterior  branches  of  the  middle  meninge.il 
arterie-H.     Below,  the  orbital  plates  bulge  into  the  floor  of  the  fossa,  so  that  the 
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ethmoidal  notch  appears  recesBed  between  them.  On  either  side  of  the  notch  faint 
grooves  for  the  meningeal  branches  of  the  ethmoidal  vessels  may  be  seen.  The 
circumference  of  the  foesa  is  formed  by  the  serrated  edges  of  the  bone  which 
articulate  with  the  parietals  above,  and  on  either -side  below  with  the  great  and 
lesser  winga  of  the  sphenoid. 

OonnexlonB. — Tlie  frontal  articulates  with  twelve  bones,  viz.  po«leriorly  with  the  parieUla 
and  Bplienoid ;  externallv  with  the  nialars ;  inferiorly  and  internally  with  the  tiaeali,  superior 
maxillie,  lachrymals,  and  ethmoid. 


Architertnie-— The  frontal  bone  is  compoatid,  like  the  other  bonea  of  the  cranial  vault,  of 
two  layers  of  compact  tisaue,  enclosing  between  them  a  layer  of  spongy  eancelloits  testiire^the 
diploe.  In  certain  definite  situations,  owing  to  the  alworptiou  of  this  intermediate  layer,  the 
bone  is  hollow,  forming  the  frontal  air  sinaaeB.  Tlie  position  and  extent  of  these  in  to  Mime 
extent  indicated  by  the  degree  of  projection  of  the  au|>erciliar7  ridges,  though  this  must  not  be 
taken  as  an  absolutely  reliable  suide,  for  cases  are  recorded  where  the  ridges  were  low  and  the 
siniLiieB  large,  and  vice  verta.  Of  much  surgical  importance,  these  air-spaces  only  attain  their  full 
development  after  the  age  of  puberty,  being  of  larger  size  in  the  male  than  in  the  female,  a 
circumstance  which  accounts  for  the  more  vertical  appearance  of  the  forehead  in  woman  as  con- 
trasted with  man-  Usually  two  in  number,  they  are  placed  one  on  either  aide  of  the  middle 
line,  and  communicate  by  means  oi'  the  infundiliulum  with  the  nasal  foesa  of  the  same  side. 
It  is  eiceptional  to  find  the  sinupes  of  opposite  sides  in  communication  with  each  other,  as  ihey 
are  generally  separated  by  a  complete  partition  which,  however,  is  occasionally  much  deflected 
to  one  or  other  side.  Loran  Turner  ("  On  the  Illmninalion  of  the  Air  Sinuses  of  the  Skull,  with 
some  Observations  upon  the  Surgical  Anatomy  of  the  Frontal  Sinns,"(Erfiji.Afni.  Jour.,  May  1898) 
gives  the  average  (JimenHions  of  these  sinuses  as  follows : — Height,  31  mm.,  i.e.  from  the  fronto- 
nasal aperture  npwarfs;  breadth,  30  mm.,  i.e.  from  the  septum  horizontally  outwards;  depth,  17 
mm.,  from  the  anterior  wall  at  the  level  of  fronto-nasal  suture  backwanls  along  the  orbital  roof. 
Exceptionally  large  sinuses  are  sometimea  met  with  extending  backwards  over  the  orbit  so  as  to 
form  a  double  roof  to  that  space.  There  is  a  specimen  in  the  Oxford  collection  in  which  the 
sinus  is  so  targe,  and  extends  so  far  back,  that  the  optic  nerve  is  carried  through  it  in  a  bony 
tulie.  Another  point  of  some  practical  importance  is  that  the  sinuses  are  hardly  ever  sym- 
metrical. It  is  rare  to  meet  with  cases  of  their  complete  absence,  although  sometimes  the  sinus 
on  one  or  other  side  may  be  wanting. 

The  exlonial  angular  process,  from  the  arrangement  of  its  surfaces  and  the  densitv  of  its 
structure,  is  particularly  well  adapted  to  resist  the  pressure  to  which  it  is  subjected  when  the 
jaws  are  tirmly  closed. 

Variationfl.— That  most  frequently  met  with  is  a  persistence  of  the  suture  which  unites  the 

two  halves  of  the  bone  in  the  infantile  condition  :  skulls  displayinc  this  peculiarity  are  tenned 

metopic.     The  researches  of  various  observers— Broca,  Itanke,  Oruoer,  Manouvrier,  Anoutchinc, 

and  Papillault  (Rev.  mms.  de  I'ecok  d'AnlhropoL  de  Parii,  annie  6,  n.   3) — poiut  to  the  more 

frequent  occurrence  of  this  metopic  suture  in  the  higher  than  in  the  lower  races  of  man  ;  and 

Calmette  asserts  its  greater    frequence   in   the  brachycephalic  than  the  dolichocephalic   tyjif. 

Separate  ossicles  (Wormian  bones)  may  occur  in  the  region  of  the  anterior  fontanelle.    The  fusiim 

of  these  with  one  or  other  Iialf  of  the  frontal  explains  how  the  metopic  suture  is  not  always  in 

line  with  the  sagittal  suture  (Stieda,  Anat.  Ans.  189T,  p. 

"  ''  227) ;  thev  occasionally  persist,  however,  and  form  bv 

their    coalescence    a  bre(piatic  bone   (G.    Zoja,   BnfL 

Scitntifico,  xvii.  p.  76,  Pavia),  Turner  {Challenger  Rfporlt^ 

part  xxix.)  recoras  an  instance  of  direct  articulation  of 

the  frontal  with  the  orbital  plate  of  the  superior  maxilla 

in  a  Bush  skull,  and  other  examples  of  the  same  anomaly, 

which  obtains  normally  in  the  skulls  of  the  chimpanzee 

and  gorilla,  have  been  observed  {Jotir.  Anat.and  PhytioL 

voL  xxiv.  p.  341J). 

Schwall«  (llWl)  records  the  presence  of  small  inile- 
pendcnt  ossicles  (supranasal  bones)  in  the  anterior  jiart 
of  the  metopic  suture.  The  same  anatomist  has  also 
recently  direcled  attention  {Zeil.  f.  MorjiK  «»uf  Anihr, 
voL  iii.  p.  93)  to  the  existence  of  the  metopic  f<mtanelle, 
first  described  by  Genly,  and  the  otcurreiioe  of  metopic 
ossicles  (ossa  interfrontalia)  and  canals. 

„  Ossification. — Ossificatioii  besiuaiii  membrane 

Tin.  82.-OSS.K.CAT.ON  ok  Pbontal  Bone,    f^,^^  ^^^  ^^.^^^^  ^^^^1,  ^^^^^  ^^„j  j^^^  ^^^^^  ^^ 

a,  Metopic  s.iture  -tiH  op*r,.    ft  Position  of  gcvciith  Week,  One  on  cither  side  immediately  above 

pntnnrj'   ceulre.       i'.  Centre  for   exlcnml    ..  !,■.   i  -  i..  .i  .i       .         i    i  r 

.ngulor  priK^ss.    ,/,  Ce.-lre  for  regioH  of   "^^e  orbital  margm.      Ironi  these  the  two  halves  <.f 

trochluft.     r.  Centres  for  na-sl  spine.  the  frontal  part  of  the  bono  are  developed,  and   by 

extension  inwards  and  backwards  from  their  lower 

part  the  orbital  plat«s  are  also  formed.     Serres,  Rambaiid,  and   Reunutt  and  v.  Ihering 

describe  the  occurrence  of  three  pairs  of  secondary  centres  somewhat  later ;    one  pair 

for  the  nusal  spine  on  either  side  of  the  foramen  csecmn  ;   a  centre  on  cither  side  in 
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correspondence  with  the  positioa  of  each  trochlear  fossa ;  and  a  centre  for  each  exterual 
angular  process.  Fusion  between  these  aecondarj  and  the  priniary  centres  is  usually 
complete  about  the  sisth  or  aeventh  month  of  fojtal  life.  At  birth  the  two  aymraetrical 
halves  of  the  bone  are  separated  by  the  nietopic  suture,  obliteration  of  which  gradually 
takes  place,  so  that  about  the  fifth  or  sixth  year  it  is  more  or  less  completely  closed,  traces 
only  of  the  suture  being  left  above  and  below.  In  about  eight  per  cent  of  Europeans, 
howcTer,  the  suture  persists  in  the  adult  (see  ante).  At  birth  the  supraorbital  notches 
lie  near  the  middle  of  the  supraorbital  arches. 

Traces  of  the  frontal  siouses  may  be  met  with  about  the  second  year,  but  it  is  only 
about  the  age  of  seven  that  they  can  be  definitely  recognised.  From  that  time  they 
increase  in  size  till  the  age  of  puberty,  subsequent  to  which  time  they  attain  their  maii- 
mitm  development. 

The  PiBiETAL  Bones. 

The  parietal  bones  (ossa  parietalia),  two  in  number,  are  placed  on  either  side 
of  the  vault  of  the  cranium,  articulating  with  the  frontal  anteriorly,  the  occipital 
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poBteriorlj,  and  the  temporals  oaA  sphenoid  inferiorly.     Each  bone  possesseB  an 
external  and  internal  surface,  four  borders,  and  four  angles. 

The  external  surface,  convex  from  above  downwards  and  from  before  backwards, 
displays  towards  its  centre  a  more  or  less  pronounced  elevation,  the  parietal  eminence 
(tuber  parietale).  This  marks  the  poeition  of  the  primitive  ossific  centre,  and  not 
unfrequentlj  corresponds  to  the  point  of  maximum  width  of  the  head.  At  a 
variable  disbince  from  the  lower  border  of  the  bone,  and  more  or  less  parallel  to  it,  two 
curved  lines  can  usually  be  distinguished ;  these  together  constitute  the  temporal  crest. 
The  mperior  temporal  line  (linea  temporalis  superior)  serves  for  the  attachment  of 
the  temporal  fascia ;  the  inferior  temporal  line  (Unea  temporalis  inferior)  defines  the 
attachment  of  the  temporal  muscle,  the  extent  and  development  of  which  necessarily 
detemunes  the  position  of  the  crest.  The  surface  below  the  crest  enters  into  the 
formation  of  the  floor  of  the  temporal  fossa,  and  is  called  the  planum  temporale ;  it 
also  affords  origin  to  the  temporal  muaclu,  and  is  often  faintly  marked  by  grooves 
which  indicate  the  course  of  the  middle  temporal  artery. 
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Above  the  superior  temporal  line  the  bone  ie  covered  only  by  the  tissues  of  the 
ecalp.  Near  its  upper  border,  and  about  an  inch  from  its  posterior  superior  angle, 
is  the  small  parietel  foramen  (foramen  parietale),  through  which  pass  a  small 
arteriole  and  an  emissary  vein. 

The  inner  or  cerebral  aspect  is  concave  from  side  to  side  and  from  above  down- 
wards, moulded  over  the  surface  of  portions  of  the  frontal,  parietal,  occipital,  and 
temporal  lobes  of  the  cerebrum,  it  displays  imprassiona  corresponding  to  the  arrange- 
ment of  the  convolutions  of  these  portions  of  the  brain.  It  also  presents  a  serie.s 
of  well-marked  grooves  for  the  lodgment  of  the  branches  of  the  middle  meningeal 
artery;  these  radiate  from  the  anterior  inferior  angle  of  the  bone,  the  best  marked 
running  upwards  at  some  little  distance  behind  and  parallel  to  its  anterior  border. 
Within  the  upper  margin  are  a  series  of  depressions  for  Pacchionian  bodies, 
and  here  also  the  bone  is  channelled  so  as  to  form  a  groove  (sulcus  sagittalis), 
which  is  completed  by  articulation  with  its  fellow  of  the  opposite  side.     Within 
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this  groove  lies  the  superior  longitudinal  venous  sinus,  and  to  its  edges  the  falx  cerebri 
is  attached.  Close  to  the  inferior  posterior  angle  there  is  also  a  curved  groove,  the 
lateral  sulcus,  in  which  the  lateral  venous  sinus  is  lodged. 

The  anterior,  superior,  and  posterior  borders  are  deeply  serrated.  The  anterior 
articulates  with  the  frontal  bone,  and  constitutes  the  coronal  suture ;  the  posterior  is 
united  with  the  occipital  bone,  and  forms  the  lambdoid  suture.  The  superior  border 
articulates  with  its  fellow  of  the  oppoaite  side  by  means  of  the  sagittal  suture  ;  iu 
the  interval  lietween  the  two  parietal  foramina  this  siiture  is  usually  simple  in  its 
outline.  The  anterior  superior  avgle  (angulus  frontalis)  is  almost  rectangular,  and 
corre.'tponds  to  the  site  of  the  anterior  fontanelle.  Tlie  posterior  siiprrior  angle 
{angulus  occipitalis),  usually  more  or  less  rounded,  corresponds  in  position  to  the 
posterior  fontanelle.  The  inferior  border  is  curved,  and  shorter  than  the  others ;  it 
lies  l>etween  the  anterior  and  posterior  inferior  angles.  Sharp  and  bevelled  at  the 
expense  of  its  outer  table,  it  displays  a  fluted  arrangement,  and  articulates  with 
the  squamous  part  of  the  temporal  bone.     The  anterior  inferior  angle  (angiilus 
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sphenoidalis),  pointed  and  prominent,  articulates  with  the  great  wing  of  the 
sphenoid.  It  is  wedged  into  the  angle  formed  by  the  union  of  that  bone  with  the 
frontal,  and  is  bevelled  at  the  expense  of  its  inner  table  anteriorly,  whilst  inferiorly 
it  is  thinned  at  the  expense  of  its  outer  table.  The  posterior  inferior  angle  (angulus 
luastoideus)  is  a  truncated  angle  lying  between  the  inferior  and  posterior  borders. 
It  is  deeply  serrated,  and  articulates  with  the  mastoid  process  of  the  temporal  bone. 
Not  unfrequently  there  is  a  channel  in  this  suture  which  transmits  an  emissary  vein. 

Ck>nnezion8.  —  The  parietal  bone  articulates  with  its  fellow,  with  the  frontal,  occipital, 
mastoid  and  squamous  temporal,  and  with  the  sphenoid.  Occasionally  the  inferior  angle  may 
not  reach  the  great  wing  oi  the  sphenoid,  being  separated  from  it  by  the  articulation  of  the 
squamous  temporal  with  the  frontal  (see  also  p.  119). 

Architecture. — Thin  towards  its  lower  part,  where  it  enters  into  the  formation  of  the 
temporal  fossa,  it  is  thickest  along  the  superior  border  and  in  the  neighbourhood  of  the  posterior 
superior  angle. 

Variations. — A  number  of  cases  have  been  recorded  in  which  the  parietal  is  divided  into  an 
upper  and  lower  part  by  an  antero-posterior  suture  parallel  to  the  sagittal  suture.  Coraini 
{Atti.  d.  XL  Congr,  MecL  Intemaz,  Roma,  1894,  voL  v.)  records  a  case  in  which  the  parietal  was  in- 
completely divided  into  an  anterior  and  posterior  part  by  a  vertical  suture.  The  parietal 
foramina  vary  greatly  in  size,  and  to  some  extent  in  position.  They  are  sometimes  absent  on  one 
or  other  side,  or  both.  They  correspond  in  position  to  the  sagittal  fontanelle.  Sometimes  the 
ostiification  of  this  fontanelle  is  incomplete  and  a  small  transverse  fissure  remains.  The  parietal 
foramen  represents  the  patent  external  extremity  of  this  fissure  after  its  edges  have  coalesced. 
Occasionally  in  the  region  of  the  anterior  fontanelle  an  ossicle  of  variable  size  may  be  met  with. 
This  is  the  so-called  prae-interparietal  bone.  According  to  its  fusion  with  adjacent  bones  it 
may  disturb  the  direction  of  the  sagittal  suture. 

Ossification. — Ossification  takes  place  in  membrane  by  the  deposition  of  earthy 
matter,  the  centre  for  which,  most  probably  formed  by  the  coalescence  of  two  nuclei, 
appears  over  the  parietal  eminence  about  the  sixth  or  seventh  week  of  foetal  life ;  from  this 
it  spreads  in  a  radial  manner  towards  the  edges  of  the  bone,  where,  however,  the  mem- 
branous condition  still  for  some  time  persists  constituting  the  fontanelles.  These  corre- 
spond in  position  to  the  angles  of  the  bone.  Ossification  is  also  somewhat  delayed  in 
the  region  of  the  parietal  foramina,  constituting  what  is  known  as  the  sagittal  fontanelle, 
a  membranous  interval  which  is  not  unfrequently  apparent  even  at  birth. 

The  Occipital  Bone. 

The  occipital  bone  (os  occipitale),  placed  at  the  back  and  lower  part  of  the 
cranium,  consists  of  three  parts,  arranged  around  a  large  oval  hole,  called  the 
occipital  foramen  or  foramen  magnum.  The  expanded  curved  plate  behind  the 
foramen  is  the  tabular  or  squamous  part.  The  thick  rod-like  portion  in  front  of  the 
foramen  is  the  basilar  process.  On  either  side  the  foramen  is  bounded  by  the 
lateral  or  condylic  portions. 

The  tabular  or  Bquamous  part  (squama  occipitalis)  in  shape  somewhat  resembles 
a  Gothic  arch,  and  is  curved  from  side  to  side  and  from  above  downwards.  It  forms 
inferiorly  a  smaU  portion  of  the  middle  of  the  posterior  boundary  of  the  foramen 
magnum,  and  unites  on  either  side  of  that  with  the  lateral  parts  of  the  bone.  About 
the  centre  of  the  external  surface  of  the  squama  there  is  a  prominence — the  external 
occipital  protuberance  (protuberantia  occipitalis  externa),  which  varies  considerably 
in  its  distinctness  and  projection,  and  serves  for  the  attachment  of  the  Ugamentum 
nucb».  From  the  protuberance  on  either  side  two  lines  curve  out  towards 
the  external  angles  of  the  bone.  These  are  known  respectively  as  the  higliest  and 
superior  cuxred  lines  (Unea  nuchae  suprema  and  linea  nuchse  superior).  To  the 
upper  of  these  the  epicranial  aponeurosis  is  attached,  whilst  the  lower  serves  for 
the  origin  of  the  trapezius  and  occipitalis  muscles  and  the  insertion  of  the  sterno- 
mastoid  and  splenius  capitis  muscles.  The  two  lines  togethei*  serve  to  divide  the 
external  surface  of  the  tabular  part  into  an  upper  or  occipital  portion  (planum 
occipitale),  covered  by  the  hairy  scalp  and  a  lower  or  nuchal  part  (planum  nuchale) 
serving  for  the  attachment  of  the  fleshy  muscles  of  the  back  of  the  neck.  As  a  rule 
the  occipital  part  bulges  backwards  beyond  the  external  occipital  protuberance; 
exceptionally,  however,  the  latter  process  is  the  most  outstanding  part  of  the  bone. 

The  nuchal  plane,  irregular  and  rough,  is  divided  into  two  lateral  halves  by  a 
median  ridge — ^the  external  occipital  crest  (linea  nuchas  mediana),  which  stretches 
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from  the  external  occipital  protuberance  above  to  the  posterior  border  of  the  foramen 
magnum  below,  CroBsing  the  nuchal  plane  transversely,  about  its  middle,  is  the 
inferior  ciuT«d  line  (linea  nuchie  inferior),  which  passes  outwards  and  forwards  on 
either  side  towards  the  lateral  mai^ins  of  the  bone.  The  areas  thus  marked  out 
serve  for  the  attachment  of  the  complexus,  obliquus  superior,  and  rectus  capitis 
posticus  major  and  minor  muscles. 

The  internal  sarfact  of  the  squama,  concave  from  side  to  side  and  from  above 
downwards,  is  subdivided  into  four  fossae  by  a  crucial  arrangement  of  ridges  and 
grooves.  The  upper  pair  of  fossie  lodges  the  occipital  lobes  of  the  cerebrum,  the 
lower  pair  the  lobes  of  the  cerebellum.  Near  the  centre  of  this  aspect  of  the  b()ne 
is  the  internal  occipital  protuberance  (protuberantia  occipitalis  interna),  an  irregular 
elevation,  the  sides  of  which  are  variously  channelled  according  to  the  disposition 
of  the  grooves.     Leading  from  this  to  the  hinder  margin  of  the  foramen  magnum 

„,_..... J  11...  KitaniiU  occipital  piotulieiwice 
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is  a  sharp  and  well-defined  ridge,  the  internal  occipital  crest  (crista  occipitalis 
interna),  which  serves  for  the  attachment  of  the  falx  cerelielli,  a  process  of  dura 
mater  which  separates  the  two  cerebellar  hemis])here8.  Passing  upwards  from  tlie 
internal  occipital  protuberance  there  is  usually  a  well-marked  ridge,  to  one  or  other 
side  of  which,  more  frequently  the  right  (with  the  bone  in  the  normal  position  and 
viewed  from  behind),  there  is  a  well-defined  groove,  the  snlcns  sagittalis,  the  outer 
lip  of  which  is  generally  less  prominent.  Placed  in  this  groove  is  the  superior 
longitudinal  venous  sinus,  and  attached  to  the  lips  is  the  falx  cerebri  At  right 
angles  to  the  foregoing,  and  ut  the  level  of  the  internal  occipital  protuberance,  with 
which  they  become  confluent,  are  two  transverse  grooves,  the  sulci  tranaversi.  These 
grooves,  which  have  more  or  less  prominent  edges,  lie  between  the  upper  and  lower 
pairs  of  fossie,  and  serve  for  the  attachment  of  the  tentorium  cerebelli  as  well  as 
the  lodgment  of  the  lateral  blood-sinusea  Commonly  the  right  lateral  groove  is 
confluent  with  the  groove  to  the  right  side  of  the  median  ridge,  but  exceptions  to 
this  rule  are  not  infrequent     The  angle  formed  by  the  union  of  the  venous  sinuses 
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lodged  ia  these  groovee  coDatitutes  the  torcular  Herophili,  which  may  accordingly 
be  placed  to  one  or  other  side  of  the  internal  occipital  protuberance,  more  frequently 
the  right ;  in  some  cases,  however,  it  may  occupy  a  central  position. 

The  superior  angle,  more  or  less  sharp  and  pointed,  is  wedged  in  between  the 
two  parietal  bones,  its  position  corresponding  to  the  site  of  the  posteriot  fontanelle. 
The  lattral  angle  articulates  on  either  Bide  with  the  posterior  extremity  of  the 
niafltoid  portion  of  the  temporal  bone.  The  superior  borders,  much  serrated,  articu- 
late  with  the  parietal  bones  forming  the  lamMoid  suturs ;  and  the  lateral  edges, 
extending  from  the  external  angles  to  the  jugular  process  inferiorly,  are  connected 
with  the  inner  sides  of  the  mastoid  portions  of  the  temporals. 

The  lateral  or  condylio  parts  of  the  occipital  bone  (partes  laterales)  are  placed 

Koriupular  longitudiuil  alnui  and  Mx  cerebri  Superior  angle 
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on  either  side  of  the  foramen  magnum ;  on  their  under  surface  they  bear  the 
condyles  (condyli  occipitales)  by  means  of  which  the  skull  articulates  with  the 
atlas  vertebra.  Of  elongated  oval  form,  the  condyles  are  so  disposed  that  their 
anterior  extremities,  in  line  with  the  anterior  margin  of  the  foramen  magnum,  lie 
closer  together  than  their  posterior  ends,  which  extend  as  far  back  as  the  middle  of 
ihe  external  borders  of  the  foramen.  Convex  from  before  backwards,  they  are 
skewed  so  that  their  surfaces,  which  are  nearly  plane  from  side  to  side,  are  directed 
slightly  outwards.  Each  is  supported  on  a  boss  of  bone,  pierced  by  the  anterior 
condylic  fonunen  (eanalis  hypoglossi),  which  opens  obliquely  from  within  outwards 
aud  forwards  on  the  floor  of  a  fossa  called  the  anterior  condflic  fossa,  situated  just 
ettemal  to  the  fore  part  of  the  condyle.  Tbe  foramen  transmits  the  hypoglossal  or 
XII.  cranial  nerve,  together  with  a  meningeal  branch  of  the  ascending  pharyngeal 
artery  and  its  companion  veins.  Behind  the  condyle  is  placed  the  posterior  con^lic 
fouB,  in  the  floor  of  which  the  posterior  condrlic  foramen  frequently  opens.    Through 
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this  a  vein  passes  which  joins  the  lateral  sinus.  The  edge  of  the  foramen  magnum 
immediately  behind  the  condyle  is  often  grooved  for  the  passage  of  the  vertebral 
artery  around  it.  Jutting  out  from  the  posterior  half  of  the  condyle  is  a  stout  bar 
of  bone,  serially  homologous  with  the  vertebral  transverse  process — this  is  the 
jugular  process  (processus  jugularis) ;  deeply  notched  in  front,  its  anterior  border 
is  free  and  rounded,  and  forms  the  posterior  boundary  of  the  jugular  foramen. 
Curving  outwards  from  this  margin,  in  line  with  the  anterior  condylic  foramen, 
there  is  often  a  small  pointed  projection,  the  processus  intra-jugulare,  which  serves 
to  divide  the  jugular  foramen  into  two  compartments.  Externally  the  jugular 
process  articulates  by  means  of  a  synchondrosis  with  the  jugular  surface  of  the 
petrous  part  of  the  temporal  bone.  Its  posterior  border  is  confluent  with  the  lower 
and  lateral  portion  of  the  occipital  squama,  and  its  under  surface  is  rough  and 
tubercular  for  the  attachment  of  the  rectus  capitis  lateralis  muscle.  The  superior 
aspect  of  the  lateral  part  displays  on  either  side  of  the  foramen  magnum  an  elevated 
surface  of  oval  form,  the  tuberculum  jugulars ;  this  corresponds  to  the  part  of  the 
bone  which  bridges  over  the  canal  for  the  hypoglossal  nerve.  Its  upper  surface  in 
many  instances  displays  an  oblique  groove  running  across  it ;  in  this  are  lodged  the 
glosso-pharyngeal,  vagus,  and  accessory  nerves.  The  jugular  process  is  deeply 
grooved  superiorly  for  the  lower  part  of  the  lateral  blood  sinus,  which  here  turns 
round  the  anterior  free  edge  of  the  process  into  the  jugular  foramen.  Joining  this, 
close  to  its  inner  edge,  is  the  opening  of  the  posterior  condylic  foramen  when  that 
canal  exists. 

The  ba^iHar  part  of  the  occipital  bone  (pars  basilaris)  extends  forwards  and 
upwards  from  the  foramen  magnum.  Its  anterior  extremity  is  usually  sawn  across, 
as,  after  adult  life,  it  is  necessary  to  sever  it  in  this  way  from  the  sphenoid,  the 
cartilage  uniting  the  two  bones  having  by  that  time  become  completely  ossified. 
Broad  and  thin  behind,  it  narrows  laterally  and  thickens  vertically  in  front,  where 
on  section  it  displays  a  quadrilateral  form.  Projecting  from  its  under  surface  some 
little  distance  in  front  of  the  foramen  magnum  is  the  pharjmgeal  tubercle  (tuber- 
culum pharyngeum)  to  which  the  fibrous  raphe  of  the  pharynx  is  attached ;  on 
either  side  of  this  the  rectus  capitis  anticus  major  and  minor  muscles  are  inserted. 
The  upper  surface  forms  a  broad  and  shallow  groove  which  slopes  upwards  and 
forwards  from  the  thin  anterior  margin  of  the  foramen  magnum ;  in  this  rests  the 
medulla  oblongata.  On  either  side  its  lateral  edges  are  faintly  grooved  for  the 
inferior  petrosal  venous  sinuses,  below  which  the  lateral  aspect  of  the  bone  is  rough 
for  the  cartilage  which  unites  it  to  the  sides  and  apex  of  the  petrous  part  of  the 
temporal  bone. 

The  foramen  magnum,  of  oval  shape,  so  disposed  that  its  long  axis  lies  in  the 
sagittal  plane,  is  of  variable  size  and  form.  The  plane  of  its  outlet  dififers  somewhat 
in  individual  skulls;  in  most  instances  it  is  directed  downwards  and  slightly 
forwards.  In  front  the  condyles  encroach  upon  it,  and  narrow  to  some  extent  its 
transverse  diameter.  To  its  margins  are  attached  the  ligaments  which  unite  it 
with  the  atlas  and  axis.  Through  it  pass  the  lower  part  of  the  medulla  oblongata 
where  it  becomes  continuous  with  the  spinal  cord,  the  two  vertebral  arteries,  the 
spinal  accessory  nerves,  and  the  blood-vessels  of  the  meninges  of  the  upper  part  of 
the  cord. 

OonnezionB. — The  occipital  bone  articulates  with  the  two  parietak  in  front  and  above,  with 
the  sphenoid  in  front  and  below,  with  the  two  temporals  on  either  side,  and  with  the  atlas 
vertebra  by  means  of  its  condyles. 

Architecture. — The  squamous  part  displays  thickenings  in  the  position  of  the  various  ridges 
and  crests,  the  stoutest  part  corresponding  to  the  internal  and  external  occipital  protuberances, 
though  it  should  be  noted  that  the  two  protuberances  do  not  necessarily  coincide,  the  internal 
being,  as  a  rule,  placed  at  a  higher  level  tnan  the  external  If  the  bone  oe  held  up  to  the  light 
it  wul  be  at  once  apparent  that  it  is  much  thinner  where  it  forms  the  floor  of  the  mferior  fossa; 
than  in  the  upper  part.  The  basilar  portion  consi.-its  of  a  spongy  core  surrounded  by  a  more 
compact  outer  envelope,  thickest  on  its  lower  surface.  In  the  condyles  the  spongy  tissue  is 
arranged  radially  to  their  convex  articular  surfaces,  the  hypoglossal  canal  being  surrounded  by 
particularly  dense  and  compact  bone. 

Variationa — The  most  striking  of  the  many  variations  to  which  this  bone  is  subject  is  the 
separation  of  the  upper  part  of  the  occipital  squama  to  form  an  independent  bone — the  inter- 
parietal bone,  called  also,  from  the  frequency  of  its  occurrence  in  Peruvian  skulls,  the  os  Incce 
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X'  wili  he  aftstt  below  (set  OwiHusliou),  the  ocuurrence  of  this  anomaly  is  explained  developnient- 
iLlly.  Ill  place  of  forming  a  aingle  bone  the  iDter{M>rietal  ie  ouoasionally  met  with  in  two 
-yiiiuii'tricil  halve;,  and  iDBtanc4Si  have  lieeu  recoitleu  of  its  occurrence  in  tliree  or  even  four 
p[ni^     In  tile  Ifttter  cuKeM  tlie  two  anterior  parts  form  tlie  pre -interparietals.      Instances  a 


iviried  of  the  presence  of  a  separate  tiiiphjsis  between  the  basi-oct'iiiital  and  tlie  sphenoid,  thu 
•f  )a?ioticiim  (Albrecht)  or  the  os  prit-basi -occipital.  The  articular  surface  of  the  condylee  is 
H>iiieiiuies  divided  into  an  anterior  and  poeterjot  part.  The  so-called  third  occipital  conci^vle  v 
sii  outstanding  process  rising  from  the  anterior  border  of  the  foramen  magnum,  the  extremity  of 
HliiiL'h  artii'ulatea  nilh  the  odontoid  process  of  the  axis.  Guerri  has  recorded  a  case,  in  which  in 
;i  r<Eial  skull,  iliere  were  Iwo  oiitatandiiig  tuWrcles  in  the  position  uf  the  third  occipital  condj'le, 
iTid''|iendent  of  the  basi -occipital  portions  of  the  condyles  (,4iui(.  -4ns.  vol.  xix.  p,  42).  This 
iijilieais  to  confirm  the  view  of  Macalister  that  there  are  two  dilferent  structures  include<l 
under  this  name — one  a  mesial  onsilicalion  in  the  sheath  of  the  notochurd,  and  the  second,  a 
hil.Tal,  usually  paired  j>rocesf,  caused  by  the  deficieniv  of  the  mesial  jiart  of  the  hypochordal 
1-li-ment  of  tlic  hindmoBt  occipital  ^'erteb[a,  with  tliickenings  of  the  lateral  jurts  of  the  arch. 
Springing  from  the  under  surface  of  the  extremity  of  the  juctdar  process,  a  rousti  or  smooth 
li^iaied  i^urfac*-,  or  else  a  projecting  process,  the  extremitv  of  wliicli  may  articulate  with  the 
transven>e  process  of  the  athis,  is  somctiiuea  met  with.  This  is  the  paroccipital  or  parauioHtoid 
iinwsj".  N  umeniiis  itiBtances  of  fusion  of  the  atlas  with  the  occipital  bone  have  been  recorded. 
Many  are,  no  doubt,  pathological  in  their  Origin ;  others  ai'e  associated  with  errors  in  development - 
liiti.-resting  anomalies  are  these  in  which  there  is  evidence  of  the  intercalation  of  a  new  vertebral 
vl<;meut  between  the  atlas  and  occipital,  constituting  what  is  termed  a  pruatlas. 


Ossification, — The  major  part  of  the  bone  ossifies  in  cartilafro,  the  upper  part  of  the 
s<|uatna.  (interparietal),  alone  developing  in  membrane.  The  basilar  part  begins  to  ossify 
ubout  the  siith  weeli  of  fcetal  life  by  the  appearance  of  two  centres,  one  in  front  of  tbo 
other;  the  anterior,  according  to  Albrecht,'  constitutes  the  basiotic,  the  posterior  the 
Ihi^i -occipital.  These  two  centres — which  there  is  some  reatwn  to  believe — may  themselves 
lie  formed  by  the  fusion  of  pnirtt  placed  laterally,  rapitlly  unite,  so  that  the  occurrence  of 
one  centre  aloue  is  freipiently  described.  From  this  the  tore  part  of  the  margin  of  the 
foruincu  tuaguum  is  formed,  together  with  a  portion  of  the  anterior  end  of  the  occipital 
condyle  on  either  side.  It  helps  also  to  close  up  the  front  of  the  anterior  condylic  caiml. 
I'uion  with  the  condylic  parts  is  complete  about 
the  fourth  or  fifth  year.     Ankylosis  between   the  " 

Ixisi -occipital  and  the  sphenoid  takes  place  about  the 
twenty -fifth  year. 

The  lateral,  condylic,  or  exoccipital  parts  begin 
to  ossify  from  a  single  centre  about  the  end  of  the 
second  month  of  fcetal  life.  The  notcli  for  the  / 
hypogloHsal  canal  appears  about  the  third  month. 
Krom  this  centre  is  formed  the  posterior  three- 
fourths  of  the  occipital  condyle.  The  exoccipital 
Is  usually  completely  fused  with  the  sipiama  by 
the  third  year  or  earlier.  ( 

An  already  not«d,  the  squama  consists  of  two 
|«irts— the  one  above  the  occipital  crest,  the  other 
helow  it :  the  former  develops  in  membrane,  the 
liitter  ill  cartilage.  lu  a  three- months'  ftetus  this 
ilitFeri'iioe  is  very  cliaracteristic.  The  cartilaginous 
l'iirt(Bupra-occipital)begins  to  ossify  from  two  centres 
.iliout  the  sinth  or  seventh  week,  which  mpidly  join 
to  form  an  elongated  strip  placed  transversely  in 
the  region  of  the  occipital  protuberance.  The 
L-entrea  for  the  upper  part  (interparietal)  appear 
later.     According  to  iloggi  (Air/i.  Ifal.  Biol,  tome  " 

2fi,  fas.  2,  p.  301),  they  are  four  in  number,  of  t'lo- 87. — Ossification  oi' OcciriTiL  Bose. 
which  two  placed  on  either  side  of  the  middle  line  «,  Bwilsr  centre  ;  b,  Eioccipital ;  c.  Ossicle 
appear  about  the  second  month.  The  other  pair,  "^  Kerkring;  il,  Supru-occipitnl  (from  c«r- 
pluced  latemlly,  are  seen  about  the  thitxi  month  ;      '"T'  '  ■"■  *^f ","  "^'T"  '"l'""'^'!'*'"' 

J     ■         ,     .  .L  .1  1  1       1     ^    .1     ■  »'"!    iul«rpariel»l  ;    /,    lulerparietal      from 

luaion   between   these   takes  place  early,  but  their       niembmiiBl :     ■;,    FiBsiire    between    inter- 
disposition  and  arrangement  explain  the  anomalies      lanetnls. 
(o  which  this  part  of  the  bone  is  subject.      The 

mesial  pair  may  persist  as  separate  ossicles,  or  fuse  to  form  the  pre-interparietals,  whilst 
the  lateral  pair  may  remain  indcpoudent  of  the  aupra-occipital  as  A  single  or  double 
uLterparietal  bone.  Union  between  the  supra-occipiul  and  the  interparietal  elements 
.wcurs  altout  the  third  or  fourth  month  ;  but  evidence  of  their  separation  is  fretjuently 
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met  with  even  in  the  adult  by  the  persistence  of  a  transverse  suture  running  inwards 
from  each  external  angle  of  the  squama,  or,  as  above  mentioned,  there  may  be  an  os 
Incae.  The  supra-occipital  forms  a  small  part  of  the  middle  of  the  hinder  border  of  the 
foramen  magnum,  though  here  a  small  independent  centre,  known  as  the  ossicle  of 
Kerkrlng,  is  occasionally  met  with.  Other  independent  centres  are  sometimes  seen 
between  the  supra-occipital  and  the  exoccipitals. 

At  birth  the  occipital  consists  of  four  parts — the  interparietal  and  supra-occipital 
combined,  the  basi-occipital,  and  the  exoccipitals — one  on  either  side. 


The  Temporal  Bones. 

The  temporal  bone  (os  temporale)  lies  about  the  centre  of  the  lower  half  of  either 
side  of  the  skull,  and  enters  largely  into  the  formation  of  the  cranial  base.  It  is 
placed  between  the  occipital  behind,  the  parietal  above,  the  sphenoid  in  front,  and 
the  occipital  and  sphenoid  internally  and  below.'  At  birth  it  consists  of  tliree 
parts — an  upper  and  outer  part,  the  squamons  or  Bqnamo-zygomatic  portion ;  an  inner 
and  posterior  portion,  the  petro-mastoid,  which  contains  the  parts  specially  associated 
with  the  sense  of  hearing,  together  with  the  organ  associated  with  equilibration  ; 
and  an  under  or  tympanic  part,  from  which  the  floor  and  anterior  wall  of  the 
external  auditory  meatus  is  formed. 

The  squamous  -peurt  (pars  squamosa)  consists  of  a  thin  shell-like  plate  of  bone 
placed  vertically,  having  an  inner  (cerebral)  and  an  outer  (temporal)  surface  and  a 
semicircular  upper  border.  Inferiorly,  behind,  and  internally  it  is  fused  in  early 
life  with  the  petro-mastoid  portion  by  means  of  the  squamoso-mastoid  and  the 
petro-squamosal  sutures,  traces  of  which  are  often  met  with  in  the  adult  bone ; 
whilst  below  and  in  front  it  is  separated  from  the  tympanic  and  petrous  parts  by 
the  Glaserian  fissure.  Its  external  surface,  smooth  and  slightly  convex,  enters  into 
the  formation  of  the  floor  of  the  temporal  fossa,  and  affords  attachment  to  the 
temporal  muscle.  Near  its  hinder  part  it  is  crossed  by  one  or  more  ascending 
grooves  for  the  branches  of  the  middle  temporal  artery.  In  front  and  below  there 
springs  from  it  the  zygomatic  process  (processus  zygomaticus).  This  arises  by  a 
broad  attachment,  the  surfaces  of  which  are  inferior  and  superior ;  cundng  outwards 
and  forwards,  it  then  becomes  twisted  and  narrow  so  that  its  sides  are  turned 
inwards  and  outwards  and  its  edges  directed  upwards  and  downwards.  Anteriorly 
it  ends  in  an  oblique  serrated  extremity  which  articulates  with  the  zygomatic  pro- 
cess of  the  malar  bone.  Posteriorly  the  edges  of  the  zygomatic  process  separate  and 
are  termed  its  roots.  The  upper  edge,  which  becomes  the  posterior  root,  sweeps  back 
over  the  external  auditory  meatus,  and  is  confluent  with  a  ridge,  the  supra-mastoid 
crest,  which  curves  backwards  and  slightly  upwards,  and  serves  to  define  the  limit 
of  the  temporal  fossa  posteriorly.  The  inferior  edge  turns  inwards  and  constitutes 
the  anterior  root ;  the  under  surface  of  this  forms  a  transversely-disposed  rounded 
ridge,  the  articular  eminence  (tuberculum  articulare),  behind  which  there  is  a  deep 
hollow,  the  glenoid  fossa  (fossa  mandibularis),  limited  posteriorly  by  the  tympanic 
plate,  and  crossed  at  its  deepest  part  by  an  oblique  fissure,  the  Glaserian  fissure 
(fissura  petro-tympanica).  This  cleft,  which  is  closed  externally,  transmits  about 
its  middle  the  tympanic  branches  of  the  internal  maxillary  artery,  and  lodges  the 
slender  process  of  the  malleua  At  its  inner  end  the  lips  of  this  fissure  are 
frequently  separated  by  a  thin  scale  of  bone,  a  dowugrowth  from  the  tegmen 
tympani  of  the  petrous  part,  which  here  separates  the  tympanic  from  the  squamous 
elements,  forming  in  its  descent  the  major  part  of  the  outer  wall  of  the  osseous 
Eustachian  canal,  which  lies  immediately  internal  to  it.  Between  this  scale  of  bone 
and  the  posterior  edge  of  the  fissure  there  is  a  small  canal  (canal  of  Huguier),  which 
transmits  the  chorda  tympani  nerve.  The  part  of  the  glenoid  fossa  in  front  of  the 
fissure  articulates  with  the  condyle  of  the  inferior  maxilla,  through  the  medium 
of  the  interarticular  cartilage,  which  is  here  interposed  and  rests  as  well  on  the 
tuberculum  articulare.  Posteriorly  the  part  of  the  fossa  behind  the  fissure  is  non- 
articular  and  lodges  a  portion  of  the  parotid  gland.  At  the  angle  formed  by  the 
divergence  of  the  two  roots  of  the  zygoma,  in  correspondence  with  the  outer  part 
of  the  articular  eminence,  there  is  a  rounded  tubercle;  to  this  are  attached  the 
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fibr^  of  the  external  lateral  ligament  of  the  temporo- mandibular  joint.  In  front 
of  the  inner  end  of  the  articular  eminence  there  ia  a  small  triangular  surface, 
limited  in  front  by  the  edge  of  the  anterior  root,  and  internally  by  a  thick  serrated 
margin  which  articulates  with  the  outer  side  of  the  great  wing  of  the  sphenoid ; 
this  area  forms  part  of  the  roof  of  the  zygomatic  fossa.  Just  anterior  to  the 
external  auditory  meatus  and  projecting  downwards  from  the  under  surface  of  the 
posterior  root  there  is  a  conical  process,  called  the  post-glenoid  tubercle,  which  forms 
a  prominent  anterior  lip  to  the  external  extremity  of  the  Glaaerian  fissure ;  it  is  the 
repreaentative  in  man  of  a  process  which  occurs  in  some  mammals  and  prevents  the 
backward  displacement  of  the  lower  jaw.  By  some  anatomists  it  is  referred  to  aa 
the  middle  root  of  the  zygoma. 

The  Eygomatic  process  by  its  lower  margin  and  inner  surface  gives  origin  to  the 
masaeter  muscle,  whilst  attached  to  its  upper  edge  are  the  layers  of  the  temporal 
fascia.     Behind  the  external  auditory  meatus,  and  below  the  aupramastoid  crest,  the 
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squamous  element  extends  downwards  as  a  pointed  process,  which  assists  in  forming 
the  roof  and  posterior  wall  of  the  external  auditory  meatus,  where  it  unites 
inferiorly  with  the  tympanic  plate.  In  the  adult  this  process  is  occasionally 
sharply  defined  posteriorly  by  an  oblique  irregular  fissure,  the  remains  of  the 
inasto-squamosal  suture. 

Professor  Maeewen  has  poiuted  oiit  that  this  suture  frequently  remainH  open  till 
puberty  and  occasionally  aftfir,  and  may  be  of  importance  aa  a  channel  along  which  in- 
fective processes  niny  e:it«nd. 

The  inner  surface  of  the  squamous  part,  less  extensive  than  the  outer  aspect 
owing  to  the  bevelling  of  the  superior  border,  is  marked  by  the  impression  of  the 
convolutions  of  the  temporal  lobe  of  the  cerebrum,  and  is  limited  below  by  the 
petro-squamosal  suture,  the  remains  of  which  can  frequently  te  seen.  It  is  crossed 
in  front  by  an  ascending  groove  for  the  middle  meningeal  artery,  branches  from 
which  course  backwards  over  the  bone  in  grooves  more  or  less  parallel  to  its  upper 
border. 

The  su/perioT  border  of  the  squamous  part  is  curved,  sharp,  and  scale-like,  being 
bevelled  at  the  expense  of  its  Inner  table,  except  in  front,  where  the  margin  is  thick 
9a 
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and  Btout.  Here  it  articulates  with  the  great  wing  of  the  sphenoid,  ita  union  with 
that  bone  extending  to  near  the  fore  part  of  the  summit  of  the  curve,  behind  which 
it  is  united  to  the  parietal  overlapping  the  lower  border  of  that  bone;  poBteriorly 
the  free  margin  of  the  squamous  part  ends  at  an  angle  formed  between  it  and  the 
mastoid  process  called  the  incisura  parietalis. 

The  tympanic  part  (pare  tympanica)  of  the  temporal  bone  forms  the  anterior, 
lower,  and  part  of  the  poaterior  wall  of  the  external  auditory  meatus.  Bounded 
in  front  and  above  by  the  Glaserian  fissure,  it  forms  the  hinder  wall  of  the  non- 
articular  part  of  the  glenoid  fossa.  Fused  internally  with  the  petrous  part,  its 
lower  edge,  sharp  and  well  defined  internally,  splits  to  enclose  the  root  of  the 
projecting  atrloid  process,  and  is  hence  called  the  vaginal  process.  Externally  it 
unites  with  the  fore  part  of  the  mastoid  process,  and  higher  up  with  the  descending 
process  of  the  squamous  part,  from  both  of  which  it  is  separated  by  the  aniicnUr 
flSBOra  (fissura   tympano-mastoidea)  through  which   the  auricular  branch  of  the 


Fia.  88.— Rioai  Tempobal  Boss  (Inuer  Side). 
vagus  escapes.     Ita  free  border,  which  forms  the  anterior,  lower,  and  part  of  the 
posterior  border  of  the  external  auditory  meatus,  is  usually  somewhat  thickened 
and  rough,  and  serves  for  the  attachment  of  the  cartilaginous  part  of  the  canaL 

The  extamal  auditory  meatus  (meatus  acusticus  externus)  is  directed  obhquely 
inwards  aiid  a  little  forwards,  and  describes  a  sUght  curve,  the  convexity  of  which 
la  durected  upwards ;  of  oval  form,  its  long  axis,  close  to  its  orifice,  is  nearly  vertical 
but,  as  It  passes  inwards,  inclines  somewhat  forwards  so  as  to  give  a  twist  to  the 
canal.  The  depth  of  the  canal  to  the  attachment  of  the  membrana  tympani 
averages  from  14  to  16  mm.  The  upper  margin  of  the  outer  orifice  overhings 
considerably  the  lower  edge,  but  owing  to  the  obliquity  of  the  inner  aperture,  to 
which  the  membrana  tympani  is  attached,  the  upper  waU  of  the  osseous  canal 
only  exceeds  the  length  of  the  lower  wall  by  one  or  two  miUimetres. 

The  petro-mastoid  part  (pars  petrosa  et  mastoidea)  of  the  temporal  bone  of 
pyramidal  form,  is  fused  to  the  inner  aspect  of  the  tympanic  and  squamoeal 
portions,  extending  behind  them,  however,  to  form  the  well-marked  and  prominent 
mastoid  process,  which  hes  posterior  to  the  external  auditory  meatus  This  process 
(pars  mastoidea)  forms  a  nipple-like  projection,  the  size  of  which  diffetB  considerablv 
in  different  mdividuals.     Usually  larger  iu  the  male  than  in  the  female,  its  rough 
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outer  surface  and  lower  border  serve  for  the  insertions  of  the  sterno-mastoid, 
splenius  capitis,  and  trachelo-mastoid  musclea  Within  and  below  its  pointed 
extremity  there  is  a  deep  groove  (incisura  mastoidea),  usually  well  marked,  which 
gives  origin  to  the  posterior  belly  of  the  digastric  muscle ;  whilst  lying  to  the  inner 
side  of  this,  and  separated  from  it  by  a  more  or  less  well-defined  rough  ridge,  there 
can  oftentimes  be  seen  a  narrow,  shallow  furrow,  which  indicates  the  course  of  the 
occipital  artery.  The  inner  surfi&ce  of  the  mastoid  portion  forms,  in  part,  the  lateral 
wall  of  the  posterior  cranial  fossa,  in  which  the  cerebellar  lobes  are  lodged. 
Coursing  across  this  aspect  of  the  bone  there  is  a  broad  curved  groove,  the  con- 
vexity of  which  is  directed  forwards  and  lies  in  the  angle  formed  by  the  base  of  the 
}ietrouB  part  and  its  fusion  with  the  mastoid  portion.  The  depth  to  which  the  bone 
is  here  channelled  varies  considerably,  and  is  important  from  a  surgical  standpoint, 
as  herein  lies  the  sigmoid  portion  of  the  lateral  venous  sinus.  Anteriorly  the 
mastoid  is  fused  with  the  descending  process  of  the  squamosal  above,  and  below, 
where  it  is  united  with  the  tympanic,  it  enters  into  the  formation  of  the  posterior 
wall  of  the  external  auditory  meatus  and  the  cavity  of  the  tympanum.  Above,  its 
free  margin  is  rough  and  serrated,  and  articulates  with  the  posterior  inferior  angle 
of  the  parietal;  behind  and  below  it  articulates  by  a  jagged  suture  with  the 
occipital  Traversing  this  suture,  or  near  it,  is  the  mastoid  foramen  (foramen 
mastoideum),  which  transmits  a  vein  from  the  lateral  sinus  to  the  cutaneous 
occipital  vein,  together  with  a  small  branch  of  the  occipital  artery. 

The  petrons  part  of  the  petro-mastoid  is  of  the  form  of  an  elongated  three-sided 
pyramid.  By  its  base  it  is  united  obliquely  to  the  inner  sides  of  the  squamosal 
and  tympanic  parts.  Its  apex  is  directed  inwards,  forwards,  and  a  little  upwards. 
Its  three  surfaces  are  arranged  as  follows : — The  superior  or  anterior  looks  upwards, 
slightly  forwards,  and  a  little  outwards,  and  forms  part  of  the  floor  of  the  middle 
cranial  fossa.  The  posterior  is  directed  backwards  and  inwards,  and  forms  part  of 
the  anterior  wall  of  the  posterior  cranial  fossa.  The  inferior  is  seen  on  the  under 
surface  of  the  base  of  the  skull,  and  is  directed  downwards.  The  borders  are  named 
respectively  anterior,  superior,  and  posterior. 

The  anterior  border  is  short,  and  forms  an  acute  angle  with  the  fore  part  of  the 
squamous  part;  within  this  angle  is  wedged  the  spinous  part  of  the  great  wing  of  the 
sphenoid.  Here,  too,  the  osseous  EuBtachian  canal  (canalis  musculotubarius)  may  be 
seen  leading  backwards  and  outwards  from  the  summit  of  the  angle  to  reach  the 
fore  part  of  the  cavity  of  the  tympanum.  On  looking  into  it,  the  canal  is  seen  to 
be  divided  into  two  unequal  parts  by  an  osseous  partition,  the  cochleariform  process 
(septum  tubae).  The  upper  compartment,  the  smaller  of  the  two  (semicanalis 
m.  tensoris  tympani),  lodges  the  tensor  tympani  muscle,  whilst  the  lower  (semi- 
canalis tubse  auditivse)  forms  the  osseous  part  of  a  channel  (the  Eustachian  tube), 
which  serves  to  conduct  air  from  the  pharynx  to  the  tympanum. 

The  posterior  border  is  in  part  articular  and  in  part  non-articular.  Posteriorly 
and  externally  it  corresponds  to  the  upper  margin  of  an  area  on  the  inferior 
surface  with  which  the  extremity  of  the  jugular  process  of  the  exoccipital  articulates. 
In  front  of  that  it  is  irregularly  notched,  and  forms  the  free  anterior  edge  of  the 
jugular  foramen,  internal  to  which  it  has  a  sharp  curved  border,  often  grooved, 
reaching  to  the  apex.  This  groove,  which  is  completed  by  articulation  with  the 
outer  side  of  the  basi-occipital,  lodges  the  inferior  petrosal  venus  sinus. 

The  superior  border  is  a  twisted  edge  which  is  continuous  with  the  upper  margin 
of  the  groove  for  the  lateral  sinus  posteriorly,  and  anteriorly  and  internally  reaches 
the  apex  of  the  bone.  Eunning  along  it  there  is  usually  a  well-marked  groove  for 
the  superior  petrosal  venous  sinus,  and  near  its  inner  extremity  it  is  slightly  notched 
for  the  passage  of  the  trigeminal  nerve.  Along  the  entire  length  of  this  border  the 
tentorium  cerebelli  is  attached. 

On  the  inferior  surface  of  the  petrous  part,  which  is  bounded  in  front  by  the 
anterior  border  internally,  and  the  tympanic  plate  externally,  and  behind  by  the 
posterior  border,  the  following  structures  are  to  be  noted : — Springing  from  and 
ensheathed  by  the  vaginal  process  is  the  slender  and  pointed  styloid  process  (pro- 
cessus styloideus),  the  length  of  which  varies  much.  Projecting  downwards  and 
slightly  forwards  and  inwards,  it  affords  attachments  for  the  stylo-glossus, 
9b 
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atylo-hyoid,  and  stylo-pharyngeuB  muacles  as  well  as  the  atylo-hyoid  and  stylo- 
mandibular ligaments.  Just  Ijehind  it,  and  between  it  and  the  mastoid  procesH, 
ia  the  Btylo-mastoid  foramen  (foramen  sty  lamas  toideum),  which  lies  at  the  anterior 
end  of  the  digastric  groove,  and  transmits  the  facial  nerve  and  the  stylo-mastoid 
artery.  Immediately  internal  to  the  styloid  process  there  is  a  deep,  smootli, 
excavated  hollow,  the  Jugular  fossa  (fossa  jugularis),  which  is  converted  into  a 
foramen  (^jugular)  by  articulation  with  the  occipital  bone.  Behind  aud  external  t<i 
the  fossa  there  is  a  small  qnadrilater&L  Burfue  of  variable  size,  which  is  united  to 
the  extremity  of  the  jugular  process  of  the  exoccipital  by  a  synchondrosis.  Inside 
the  fossa,  on  its  outer  aspect,  or  placed  on  its  external  lx)rder,  is  the  opening  of  a 
small  canal  (canaliculus  mastoideus),  which  passes  outwards  to  open  into  the  canalis 
facialis,  and  transmits  the  auricular  branch  of  the  vagus  (Arnold's  nerve),  which 
ultimately  escapes  through  the  auricular  fissure  (see  ante).      In  front  of  the 

jugular  foesa  and  separated 

just  internal  to-the  tympanic 
TRiponi      plate,  is  the  circular  opening 
ir«n»i       Qf  jjiQ  inferior  orifice  of  the 
carotid  canal  (canalia  caroti- 
cus).     Directed  at  first  up- 
wards, this  canal  bends  at  a 
right  angle   and  turns   for- 
wards   and    inwards,    lying 
parallel     to     the     anterior 
border ;    reaching    the    fore 
re  for        part  of  the  apex  of  the  bone, 
uKinuH    "■    ''PSU^    ill    front    by   an 
,  oblique     ragged     orifice, 

^wn'-r  Through   the  canal  the  in- 
ternal carotid  artery,  accom- 
^^ij.^      panied  by  a  plexus  of  sym- 
pathetic nerves,  passes  inti) 
the  cranium.     On  the  ridge 
'*"         of  boneseparating  the  jugular 
fossa  from  the  carotid  canal  is 
the  opening  of  a  small  caual 
(canaliculus   tympanicuB). 
through  which  the  tympanic 
branch  of  the  glosso- pharyn- 
geal   (nerve    of    Jacobson) 
passes    to   reach    the    tym- 
Fio.  90.— EinHT  TEvroRAL  BoNB  AS  SKIN  FBOM  BiLDW.  pauum.     Wlthiu  the  orifice 

of  the  carotid  caual  another 
small  opening  or  openings  (uanaliculi  carotici  tympanici)  may  be  noticed  which 
afford  passage  to  the  tympanic  branches  of  the  internal  carotid  artery  and  carotid 
sympathetic  plexus.  Occupying  the  interval  between  tlie  jugular  fossa  and 
the  carotid  canal  on  the  inner  side  is  a  V-shaped  depression  (fossula  fenestra; 
cochkffi),  on  the  floor  of  which  and  close  to  the  posterior  border  is  the  orifice  of 
the  aquodnct  of  the  cochlea  (apertura  externa  aquteductus  cochlese).  In  the  fossa 
is  lodged  the  petrous  ganglion  of  the  glosso-pliaryngeal  nerve,  and  the  aqueduct 
transmits  a  tubular  prolongation  of  the  dura  mater,  which  forms  a  channel  of 
communication  between  the  perilymph  of  tJie  cochlea  and  the  subarachnoid  space. 
A  small  vein  also  passes  through  it.  In  front  of  aud  internal  to  the  orifice  of  the 
carotid  canal  the  under  surface  of  the  apex  of  the  bone  corresixmds  to  a  rougli 
quadrilateral  surface  which  forms  the  floor  of  the  carotid  canal,  and  also  serves  for 
the  attachment  of  the  cartilaginous  part  of  the  Eustachian  tube  as  well  as  tli« 
origin  of  the  levator  palati  muscle ;  elsewhere  it  has  attached  to  it  the  dense 
fibrous  tissue  which  fills  up  the  cleft  (petro-basilar  fissurxi)  between  it  and  the 
basilar  process  of  the  occipital  bone. 
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The  superior  or  anterior  surface  bears  the  impress  of  the  convolutions  of  the 
under  surface  of  the  temporal  lobe  of  the  cerebrum,  which  rests  upon  it;  in 
addition,  there  is  a  distinct  but  shallow  depression  (impressio  trigemini)  near  the 
apex,  corresponding  to  the  roof  of  the  carotid  canal ;  in  this-  is  lodged  the 
Gasserian  ganglion  on  the  sensory  root  of  the  V.  cranial  nerve.  External  to  the 
middle  of  the  upper  surface,  and  close  to  its  posterior  border,  is  the  elevation 
(erninentia  arcuata),  more  or  less  pronounced,  which  marks  the  position  of  the 
superior  semicircular  canal  here  lodged  within  the  bone.  A  little  in  front  of  this,  and 
in  line  with  the  angle  formed  by  the  anterior  border  and  the  squamous  part,  is  the 
slit-like  opening  of  the  hiatus  Fallopii  (hiatus  canalis  facialis),  within  the  projecting 
lip  of  which  two  small  orifices  can  usually  be  seen.  These  are  the  openings  of  the 
aqaaBdactiiB  Fallopii  (canalis  facialis) ;  if  a  bristle  be  passed  through  the  inner  of  the 
two  openings  it  will  be  observed  to  pass  into  the  bottom  of  the  internal  auditory 
meatus,  if  into  the  outer,  it  will  pass  through  the  aqueduct  of  Fallopius,  and,  provided 
the  channel  be  clear,  will  appear  on  the  under  surface  of  the  bone  at  the  stylo- 
mastoid foramen.  Leading  forwards  and  inwards  from  the  hiatus  towards  the 
anterior  border  is  a  groove ;  in  this  lies  the  great  superficial  petrosal  nerve  which 
passes  out  of  the  hiatus.  A  small  branch  of  the  middle  meningeal  artery  also 
enters  the  bone  here.  A  little  external  to  the  hiatus  is  another  small  opening 
(apertura  superior  canalis  tympanici),  often  difficult  to  see ;  from  this  a  groove  runs 
forwards  which  channels  the  upper  surface  of  the  roof  of  the  canal  for  the  tensor 
tvnipani  muscle.  Through  this  foramen  and  along  this  groove  passes  the  lesser 
superficial  petrosal  nerve.  Behind  this,  and  in  front  of  the  arcuate  eminence,  the 
bone  is  usually  thin  (as  may  be  seen  by  holding  it  up  to  the  light  falling  through 
the  external  auditory  meatus),  roofing  in  the  cavity  of  the  tympanum  and  forming 
the  tegmen  tsrmpani  Externally  the  line  of  fusion  of  the  petrous  with  the  squamous 
part  is  often  indicated  by  a  faint  and  irregular  petro-squamous  fissure. 

The  most  conspicuous  object  on  the  posterior  surface  of  the  petrous  part  of  the 
bone  is  the  internal  auditory  meatus  (meatus  acusticus  internus)  about  8  mm.  deep 
in  the  adult,  which  has  an  obUque  oval  aperture  and  leads  outwards  and  slightly 
downwards  into  the  substance  of  the  bone,  giving  passage  to  the  auditory  and 
facial  nerves,  together  with  the  pars  intermedia  and  the  auditory  branch  of  the 
basilar  artery.  The  canal  appears  to  end  blindly ;  but  if  it  be  large,  or  stiU  better,  if 
part  of  it  be  cut  away,  its  fundus  will  be  seen  to  be  crossed  by  a  horizontal  ridge,  the 
fisJciform  crest,  which  divides  it  into  two  fossae,  the  floors  of  which  (laminae  cribrosse) 
are  pierced  by  numerous  small  foramina  for  the  branches  of  the  auditory  nerve  and 
the  vessels  passing  to  the  membranous  labyrinth,  whilst  in  the  fore  and  upper  part 
of  the  higher  fossa  the  orifice  of.  the  Fallopian  aqueduct  (canalis  facialis),  through 
which  the  facial  nerve  passes,  is  seen  leading  in  the  direction  of  the  hiatus  Fallopii 
(see  ante).  External  to  the  internal  auditory  meatus  and  above  it,  close  to  the 
superior  border,  an  irregular  depression,  often  faintly  marked,  with  one  or  two  small 
foramina  opening  into  it,  is  to  be  noticed.  This  is  the  floccular  fossa  (fossa  subarcuata), 
best  seen  in  young  bones,  where  it  forms  a  distinct  recess,  which  is  bounded  above 
by  the  bulging  caused  by  the  superior  semicircular  canal,  within  the  concavity  of 
which  it  is  placed ;  it  lodges  a  process  of  the  dura  mater.  Below  and  external  to 
this,  separated  from  it  by  a  smooth,  elevated  curved  ridge,  is  the  opening  of  the 
aqueduct  of  the  vestibule  (apertura  externa  aquaeductus  vestibuli),  often  concealed 
in  a  narrow  curved  fissure  overhung  by  a  sharp  scale  of  bone.  In  this  is  lodged  the 
saccus  endolymphaticus.  The  ridge  above  it  corresponds  to  the  upper  half  of  the 
posterior  semicircular  canal 

Oonnexions. — The  temporal  bone  articulates  with  the  malar,  sphenoid,  parietal,  and  occipital 
bones,  and  by  a  movable  joint  with  the  inferior  maxilla.  Occasionally  the  temporal  articulates 
with  the  frontal,  as  happens  normally  in  the  anthropoid  apes;  although  the  region  of  the 
pterion  (see  p.  154)  is  characterised  by  an  X-like  form  in  the  lower  races  of  man  there  is  no 
evidence  that  the  occurrence  of  a  fronto-squamosal  suture  is  more  frequent  in  the  lower  than  the 
higher  races,  its  occurrence  being  due  to  the  manner  of  fusion  of  the  so-called  epipteric  ossicles 
with  the  surrounding  bones. 

Architecture. — The  temporal  bone  is  remarkable  for  the  hardness  and  density  of  its  petrous 
part,  wherein  is  lodged  the  osseous  labyrinth  which  contains  the  delicate  organs  associated  with 
the  senses  of  hearing  and  equilibration.    The  middle  ear  or  tympanum  is  a  cavity  which  contains 
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the  Hmall  auditory  oeaides,  and  is  separated  from  the  eitemal  auditory  meatus  by  the  inembratu 
tf  mpaDL     In  front  it  communicBt«B  with  the  pharynx  by  the  Eustacuian  tube ;  behind,  it  oj)«ii> 
into  the  maetoid  aotrum  and  mastoid  air-cells  by  the  aditus  ad  antrum.     Superiorly,  it  i- 
separated  from  the  middle  cranial  fossa  by  a 
:  of  bone  called  the  teamen  tyrapani. 
,  its  door  is  formed  m  part  by  ibt- 
e  jugular  fossa  and  the  carotid  canal. 
,  it  is  related  to  the  structures  whicli 
inner  ear,  notably  the  cochlea  and 
in  front  of  which  it  is  separated  by  a 
e  of  bone   from   the  carotid   canal, 
iver  the  cavity  of  the  tympanum  is 
ductus  Fallopii,  the  thin  walls  of 
occasionally  deficient     These  delaiLi 
irther  dealt  with  in  the  section  de- 
cile Organs  of  Senses 
tiona— The  occurrence  of  a  deficieucv 
ir  of  the  eitemal  auditory  meatus  if 
union  in  the  adulL     It  is  met  witb 
commonly  in  the  child  till  about 
the  age  of  five,  and  is  due  to  incom- 
plete ossification  of  the  tympanic 
phtte.      The    line    of    the    petro- 
(.  squomoeal   suture  is  occaaionatlr 

grooved  for  the  lodgment  of  a  siniu 
I  (petro-equamosal) ;  sometimes  lh« 
,    posterior  end  of  this  is  continuous 

Superior  opening  of  lh(  ciiiil  tor  the  —         "'^^    *■    ''*''"'    which    piercea   thf 

tyiiipaDlcbisncli  afKloiia-pbuyaKEil  superior  border  of    the    bone  and 

opens  into  the  lateral  sinus.     Aa- 
''■  ttriorly  the  groove  may  pass  into 

a  cauEd  which  pierces  the  loot  of 
,  -  ,  the  lygoma  and  appears  eitemallv 

above  the  eitemal  extremity  of  the  Gbserian  fissure.    These  are  the  remains  of  channels  througli 
which  the  blood  passed  in  the  fratal  condition  (see  ante).     Symington  has  described  a  case  in 
which  the  squamous  part  was  distinct  and  separate  from  the  rest  o?  the 
temporal  bone  in  an  adult ;  whilst  Hyrtl  1 
the  temporal  squama  into  two  by  a  transi 
(Jbum.  AnaL  and  Phytiol,  vol.  iiiviL  p.  36 
in  which  there  was  absence  of  the  internal 
Stylo-mastoid  foramen.     The  jugular   fossa 
was  partial  absence  of  the  groove  for  the  I 
the  presence  of  a  large  mastoid  foramen.     A 
condition  of  the  carotid  canal  is  also  referrc 
Q.  H.  K.  Macalister. 

G.  Caribbe  {Anat.  Am.  vol.  ii.  Ei 

p.  81)  notes  the  occurrence  in  idioU 
and  inibeciles  of  a  more  pronounced 
form  of  post-glenoid  tubercle,  aud      ^T"^'''"'' 

aesociatBB it withregressivechanges  -     i    i    < 

in  the  development  of  the  temporal  lotf,  „,|^ioiii 

Ossification. — The  petro-     9™icii.*ii  ^'"i^' u    m 

mastoid  portion  of  the  bone  is   B.iaii^ry"  n»     «  |»« 

developed  by  the  deposition  of  rymi««.™ 

earthy   matter   in   the   cartila-  l^'io]"- lumtm 

ginous  ear  capsule  and  the  peri-       "'"™i  ""'   " 

choudrium  lining  the  labyrinth.  *■'*' 

The  squamous  and  tympanic 
parts  are  ossified  in  membrane. 

Ossification  commences  in 
the  car  capsule  in  the  fifth 
month,  and  proceeds  so  rapidly 
that   by  the  end   of    the  siith 

month  the  individual  centres  are  more  or  less  fused.  Of  these,  one  which  appears  in 
the  vicinity  of  the  eminentia  arcuata  is  the  most  definite  iu  position  and  form;  from 
this  a  lamina  of  bone  of  spiral  form  is  developed,  which  covers  in  the  inner  limb  of 
the  superior  semicircular  canal,  and  forms  the  root  of  the  inlomal  auditory  meatus, 
together  with  the '  coramencement  of  the  Fallopian  aqueduct,  lleachiug  forwards,  it 
^itcnds  to  the  apei  of  the  petrous  part;    whilst  eitemally  it  forma  part  of  the  inner 
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w&ll  of  the  tjmpanum,  surrounds  the  fenestra  OTalis,  and  encloBes  within  its  substance 
portions   of    the  oochlea,  vestibule,  and   superior  semicircular  canal.      Another  centre 
appears  in  the  Tiainity  of  the 
promontory  on  the  inner  wall  f^f 

of  the  tympanum,  surrounds  the  ■    i    OBasou.  Etuucbian  ca™i 

fenestra  rotunda,  forms  the  floor 
of   the  vestibule,  and  extends 
inwards   to  complete  the   floor 
of  the  internal  auditory  meatus. 
Surroimding    the    cochlea    in- 
feriorly  and  externally,  it  com- 
pletes the  floorof  the  tympanum,    gtyij 
and  ultimately  blends  uitb  the 
fore    and    under    part    of    the      ^^^^ 
tympanic    ring.      The    carotid        i 
canal  at  first  grooves  it,  and  is 

then    subsequently   surrounded  , 

by  it.     According  to  Lambertz 
the  lamina  spiralis  of  the  cochlea 
oeaifies  in  membrane.     The  roof  *'"'"' 
of  the  tympanum  is  formed  from 
a  separate  centre,  which  extends 
backwards  towaids  the  superior 
semicircular  canal,  and  encloses 
the  tympanic  part  of  the  aque- 
duct of    Fallopiua;    externally 
this  centre  unites  by  suture  with 
the  squamosal,  and  sends  down 
a  thin   process,  which   appears 
between  the  lips  of  the  Glaserian 
fissure,  and  forms  the  outer  wall 
of  the  Eustachian  tube.    Nuclei, 
either  single  or  multiple,  appear  in  the  base  of  the  petrous  part,  and  envelop  the  posterior 
and  external  semicircular  canals.     It  is  by  extension  from  this  part  that  the  mastoid  process 
is  ultimately  developed.     To  these  centres  the  terms  pro-otic,  opisthotic,  pterotic,  and 
epiotic,  respectively,  have  been  applied  by  Huxley  and  others.     The  styloid  process,  an 
independent  development  from  the  upper  end  of  the  cartilage  of  the  second  visceral  arch, 
is  ossified  from  two  centres.     The  upper  or  basal  appears  before  birth,  and  rapidly  unites 
vrith  the  petro-mastoid,  the  tympanic  plato  encircling  it  in  front.     This  represents  the 
tympanol^&l  of  comparative  anatomy.      At  birth,  or  subsequent  to  it,  another  centre 
appears  in  the  cartilage  below  the  above  ;  this  is  the  stylohyaL     Ankylosis  usually  occurs 
in  adult  life  between  the  tympanohyal  and  stylohyal,  the  union  of  the  two  constituting 
the  so-called  styloid  process  of  human  anatomy. 

The  centre  from  which  the  sqnajno-zygomatic  develops  appears  in  membrane  about 
the  end  of  the  second  month.  Situated  near  the  root  of  the  zygoma,  it  extends  forwards 
and  outwards  into  that  process,  inwards  to  form  the  floor  of  the  glenoid  fossa,  and 
upwards  into  the  squamosal.  From  this  latter  there  ia  a  downward  and  backward  exten- 
sion, which  forms  the  post-auditory  process  ;  this  ukimatelj'  blends  with  the  posterior  limb 
of  the  tympanic  ring,  being  separated  from  it  in  the  aduit  by  the  auricular  fissure.  It  forms 
the  outer  wall  of  the  mastoid  antrum,  and  constitutes  the  fore  and  upper  part  of  the 
mastoid  process  in  the  adult.  About  the  third  month  a.  centre  appears  in  the  outer 
membranous  wall  of  the  tympanum  :  from  this  the  tymp&nic  ring  is  developed.  Incom- 
plete above,  it  displays  two  free  extremities.  Of  these,  the  anterior  is  somewhat  enlarged, 
and  unites  in  front  with  the  glenoid  portion  of  the  squamo-zygomatic,  being  separated 
from  it  by  the  Glaserian  fissure  and  the  downgrowth  from  the  tegmen  tympuni ;  the 
posterior  joins  the  post-auditory  process  of  the  sqiiamo- zygomatic  above  mentioned. 
Below,  it  blends  internally  with  the  portion  of  the  pctro- mastoid  which  forms  the  floor  of 
the  tympanum,  and  ensbeathes  the  tympanohyal  behind.  From  the  outer  side  of  the 
lower  part  of  this  ring  two  tubercles  arise ;  these  grow  outwards,  and  so  form  the  floor 
of  the  external  auditory  meatus.  The  interval  between  them  remains  unossified  till 
about  the  age  of  five  or  six,  after  which  closure  takes  place.  This  deficiency  may,  how- 
ever, persist  even  in  adult  life  (see  ante.  Variations). 

At  birth  the  temporal  bone  can  usually  be  separated  into  its  component  parts.     The 


122  OSTEOLOGY. 

outer  surface  of  tlie  petrous  part  not  only  forms  the  inner  wall  of  the  tympanum,  but  is 
hollowed  out  behind  and  above  to  form  the  inner  side  of  the  mastoid  antrum,  the 
outer  wall  of  wliich  is  completed  by  the  post«uditory  proc«8B  of  the  aquamo-zygomatic. 
Aa  yet  the  mastoid  process  is  undeveloped.  It  only  assumes  its  nipple-like  form  about  the 
second  year.     Towards  puberty  iM  cancellous  tissue  becomes  permeated  with  air  spaces, 


FlO.    64. — C.    IKKEK  SUftTACK  OF  THF 

RiOHT  TiHFOBU.  Bone  at  Bikth. 


Fio.  94. — A.    Tbe  Outer   Surface  or 

BiBTH,    B.  The  sahi  with  Squaho- 

(Th.l"teri..gi.th«»n,«inb<.tl.A.»dB.)    «,  Tympaoic  ring.    Mnn»  wall      "' ^^^  ?X"'^d  for^en7] 

;  Babsrcukte  foiBS.  d,  A<|iiiKlnc 
'estiboli.     r.  Aqncdactaa  coi-bl< 


of  tynip»niim.    c,  Fenentra  rotunda,     d,  Forai 

/,    Ma-itoid    process,      g.    Mnato  -  BqiiamosiU    Hutiire,   with    tonn 

tiuusmiasion  of  vMaela.     k,  Sqaarno-iygonialio.  removed  in  Hgui  ,_, __  „„„„„ 

■how  liow  tii  descending  jirocesa  forms  the  outM  wall  of  the  mastovl         y.    internal   auditory  ™^ 

""'■'""■  Upper  end  of  arotid  c^. 

which  are  in  communication  with  and  extensions  from  the  mastoid  antrum.  The  external 
auditory  meatus  is  uuossifted  in  front  and  beiow,  the  outgrowth  from  the  tympanic  ring 
occurring  subsequent  to  birth.  The  glenoid  fossa  is  shallow  and  everted  j  the  jugular 
fossa  is  ill-marked  ;  whilst  the  subarcuat«  fossa  is  represented  by  a  deep  pit,  the  so-called 
floocular  fossa  of  comparative  anatomy.  The  hiatus  Fallopii  is  au  open  groove,  displaying 
at  either  end  the  openings  of  the  inner  and  outer  portions  of  the  Fallopian  aqueduct. 

The  Sphenoid  Bonk. 

The  sphenoid  bone  (os  sphenoidale)  lies  in  front  of  the  baai-occipital  meaiallr, 
and  the  temporals  on  either  side.  It  enters  into  the  formation  of  the  cranial, 
orbital,  and  nasal  cantiee,  as  well  aa  the  temporal,  zygomatic,  pterygoid,  and 
spheno-masillary  fossre.  It  consists  of  a  body  with  three  pairs  of  expanded  pro- 
cesses, the  great  wings,  the  lesser  wings,  and  the  pterygoid  procesBe& 

The  body  (corpus),  more  or  less  cubical  in  form,  is  hollow,  and  contains  within 
it  the  two  large  sphenoidal  air  sinnseB.  These  are  separated  by  a  partition,  which 
is  usually  defiected  to  one  or  other  side  of  the  middle  hue.  Each  sinus  extends 
outwards  for  a  sliort  distance  into  the  root  of  the  great  wing,  end  downwards  and 
outwards  towards  the  base  of  the  pterygoid  process  of  the  same  side.  They 
communicate  by  apertures  with  the  upper  and  back  part  of  tbe  nasal  fossee.  In  tbe 
adult  the  posterior  aspect  of  the  body  displays  a  sawn  surface  due  to  its  separation 
from  the  Imsi -occipital  with  which  in  the  adult  it  is  firmly  ankylosed.  The  superi(rr 
surface,  from  the  fore  angles  of  which  the  lesser  wings  arise,  displays  an  appearance 
comparable  to  that  of  an  oriental  saddle,  over  its  middle  there  ia  a  deep  depression, 
the  sella  turcica  or  pituitary  fossa  (fossa  hypophyseos),  in  which  is  lodged  the 
pituitary  body.  Behind,  this  is  overhung  by  a  sloping  ridge,  the  dorsoiu  Hlla,  the 
posterior  surface  of  which  is  inclined  upwards,  and  is  in  continuation  with  the 
basilar  groove  of  the  occipital  bone.  Anteriorly  and  externally  the  angles  of  this 
ridge  project  over  the  pituitary  fossa  in  the  form  of  prominent  tubercles,  called  the 
posterior  clinoid  proceBses  (processus  cUooidei  posteriores).  In  front  of  the  pituitar}- 
fossa  there  is  a  transverse  elevation,  the  olivary  eminence  (tuberculum  sellie), 
towards  the  outer  extremities  of  which,  and  somewhat  behind,  there  are  often- 
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liiiiee  little  spurs  of  bone,  the  middle  clisoid  procesBea  (processus  elinoidei  medii). 
In  froQt  of  the  olivary  emineooe  is  the  optic  groove  {buIcus  chiaamatis),  which 
passes  outwards  on  either  side  to  become  continuous,  between  the  roots  of  the 
lesser  wings,  with  the  optic  foramina. 


Tliis  groove  is  liaLlc  to 'considerable  variations,  And  apparently  does  not  alwsjs  serve  for  the 
lodgment  of  the  optic  chiasma.  (Lawrence,  "Proc  Soc  AnaL,"  Joam.  Anat.  and  Physiol. 
voL  iiviiL  p.  18.) 

In  front  of  the  optic  groove,  from  which  it  is  often  separated  by  a  thin  sharp  edge, 
the  superior  surface  continues  forwards  on  the  same  plane  aa  the  upper  surfaces  of 


Fia.  B6.— Sphenoid  as  sein  vsou  the  Front. 

the  lesser  wings,  and  terminates  anteriorly  in  a  ragged  edge,  which  articulat«B  with 
the  cribriform  plate  of  the  ethmoid,  and  has  often  projecting  from  it,  niesially,  a 
pointed  process,  the  ethmoidal  spine.  The  lateral  aspects  of  the  body  are  fused 
with  the  great  wings,  and  in  part  also  with  the  roots  of  the  pterygoid  processes. 
Curving  along  the  side  of  the  body,  superior  to  its  attachment  to  the  great  wing, 
is  an   y'-shaped  groove,  the  carotid  grooTe  (sulcus  caroticus),  which  marks  thr 
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position  and  course  of  the  internal  carotid  artery.  Posteriorly,  the  hinder  margin 
of  this  groove,  formed  by  the  salient  outer  edge  of  the  posterior  surface  of  the 
body,  articulates  with  the  apex  of  the  petrous  portion  of  the  temporal  bone,  and 
is  hence  called  the  petrosal  process ;  just  above  this,  on  the  lateral  border  of  the 
dorsum  sellae,  there  is  often  a  groove  for  the  sixth  nerve. 

The  anterior  surface  of  the  body  displays  a  vertical  mesial  sphenoidal  crest 
(crista  sphenoidalis),  continuous  above  with  the  ethmoidal  spine,  and  below  with 
the  pointed  projection  called  the  rostrum.  This  crest  articulates  in  front  with  the 
perpendicular  plate  of  the  ethmoid.  On  either  side  of  the  middle  line  are  seen  the 
irregular  openings  leading  into  the  sphenoidal  air  sinuses,  the  thin  anterior  walls 
of  which  are  in  part  formed  by  the  absorption  of  the  sphenoidal  turbinated  bones 
with  which  in  early  life  they  are  in  contact.  With  the  exception  of  a  broad  groove 
leading  downwards  from  the  apertures  above  mentioned,  which  enters  into  the 
formation  of  the  roof  of  the  nasal  fossa  of  the  corresponding  side,  the  lateral 
aspects  of  this  surface  of  the  bone  are  elsewhere  in  articulation  with  the  lateral 
masses  of  the  ethmoid  and  the  orbital  processes  of  the  palate  bones.  The  rostnim 
is  continued  mesially  for  some  distance  along  the  inferior  surface  of  the  body, 
where  it  forms  a  prominent  keel  which  fits  into  the  recess  formed  by  the  alsB  of 
the  vomer.  The  edges  of  the  latter  serve  to  separate  the  rostrum  from  the  incurved 
vaginal  processes  at  the  roots  of  the  internal  pterygoid  plates.  Posteriorly  the 
under  surface  of  the  body  of  the  sphenoid  is  rougher,  and  covered  by  the  mucous 
membrane  of  the  roof  of  the  pharynx ;  here,  occasionally,  a  median  depression  may 
be  seen  which  marks  the  position  of  the  inferior  extremity  of  a  foetal  channel, 
called  the  canalis  cranio-pharyngeus. 

The  lesser  or  orbital  wings  (alas  parvse)  are  two  flattened  triangular  plates  of 
bone  which  project  forwards  and  outwards  from  the  fore  and  upper  part  of  the 
body  of  the  bone,  with  which  they  are  united  by  two  roots  which  enclose  between 
them  the  optic  foramina  (foramina  optica)  for  the  transmission  of  the  optic  nerves 
and  ophthalmic  arteries.  Of  these  roots,  the  posterior  springs  from  the  body  just 
wide  of  the  olivary  eminence,  separating  the  carotid  groove  behind  from  the  optic 
foramen  in  front ;  externally  this  root  is  confluent  with  the  recurved  posterior  angle 
of  the  lesser  wing,  forming  the  projection  known  as  the  anterior  clinoid  process 
(processus  clinoideus  anterior),  which  overhangs  the  fore  part  of  the  body  of  the 
bone.  The  anterior  root,  broad  and  compressed,  unites  the  upper  surface  of  the 
lesser  wing  with  the  fore  and  upper  part  of  the  body.  Externally  the  outer 
angle  terminates  in  a  pointed  process  which  reaches  the  region  of  the  pterion  and 
there  articulates  with  the  frontal,  and  may  come  in  contact  with  the  great  wing. 
The  superior  aspect  is  smooth,  and  forms  in  part  the  floor  of  the  anterior  cranial 
fossa.  The  inferior  surface  constitutes  part  of  the  posterior  portion  of  the  upper 
wall  of  the  orbit,  and  also  serves  to  roof  in  the  sphenoidal  Assure  which  separates 
the  lesser  from  the  greater  wings  below.  The  anterior  edge  is  ragged  and  irregular, 
and  articulates  with  the  orbital  plates  of  the  frontal.  The  posterior  margin, 
sharp  and  sickle-shaped,  separates  the  anterior  from  the  middle  cranial  foeaa,  and 
corresponds  to  the  position  of  the  Sylvian  fissure  on  the  surface  of  the  cerebrum. 

The  greater  or  temporal  wings  (alaB  magnae),  as  seen  from  above,  are  of  a 
somewhat  crescentic  form.  If  the  inner  convex  edge  of  the  crescent  be  divided 
into  fifths,  the  posterior  fifth  extends  backwards  and  outwards  beyond  the  body  of 
the  bone,  presenting  a  free  posterior  edge,  which  forms  the  anterior  boundary  of  the 
foramen  lacerum  medium.  This  border  ends  behind  in  the  horn  of  the  crescent, 
from  which  a  pointed  process  projects  downwards,  called  the  alar  or  sphenoidal  spine 
(spina  angularis),  this  is  wedged  into  the  angle  between  the  petrous  and  squamous 
parts  of  the  temporal  bone.  The  inner  surface  of  the  posterior  border  and  spine  is 
furrowed  for  the  cartilaginous  Enstacliian  tube  (sulcus  tubse),  whilst  on  the  inner 
side  of  the  spine  the  course  of  the  chorda  tympani  nerve  is  indicated  by  a  groove 
(Lucas).  The  second  fifth  of  the  convex  border  of  the  crescent  is  fused  to  the  side 
of  the  body  and  united  below  with  the  root  of  the  pterygoid  process.  The  angle 
formed  by  the  union  of  the  great  wing  with  the  side  of  the  body  posteriorly  corre- 
sponds to  the  hinder  end  of  the  carotid  groove,  the  outer  lip  of  which  is  formed  by 
a  projecting  lamina  called  the  lingnla.     The  remaining  three-fifths  of  the  convex 
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border  is  divisible  into  two  nearly  equal  parts ;  the  inner  is  a  free,  curved,  sharp 
margin,  which  forms  the  inferior  margin  of  the  sphenoidal  fissnre  (fissura  orbitalis 
superior),  the  cleft  which  separates  the  great  wing  from  the  lesser  wing,  and  which 
establishes  a  wide  channel  of  communication  between  the  middle  cranial  fossa  and 
the  cavity  of  the  orbit,  transmittiug  the  third,  fourth,  ophthalmic  division  of  the 
fifth,  and  the  sixth  cranial  nerves,  together  with  the  ophthalmic  veins.  Wide  of 
the  sphenoidal  fissure  this  edge  becomes  broad  and  serrated,  articulating  with  the 
frontal  bone  internally,  and  at  the  part  corresponding  to  the  anterior  horn  of  the 
crescent,  by  a  surface  of  variable  width,  it  unites  with  the  anterior  inferior  angle 
of  the  parietal  bone.  The  external  border  corresponds  to  the  concave  side  of 
the  crescent,  and  is  serrated  for  articulation  with  the  squamous  temporal,  being 
thin  and  bevelled  at  the  expense  of  its  outer  surface  above  and  externally,  and 
broad  and  thick  behind  as  it  passes  towards  the  alar  spine.  The  superior  or 
cerebral  surface  is  concave  from  behind  forwards,  and  in  its  fore  part  from  side  to 
side  also ;  it  forms  a  considerable  part  of  the  floor  of  the  middle  cranial  fossa,  and 
bears  the  impress  of  the  convolutions  of  the  extremity  of  the  temporal  lobe  of  the 
cerebrum  which  rests  upon  it ;  towards  its  outer  side  it  is  grooved  obliquely  by  an 
anterior  branch  of  the  middle  meningeal  artery.  The  foUowing  foramina  pierce 
the  great  wing :  close  to  and  in  front  of  the  alar  spine  is  the  foramen  spinosum 
for  the  transmission  of  the  middle  meningeal  artery  and  its  companion  vein, 
together  with  a  recurrent  brauch  from  the  third  division  of  the  V.  nerve.  In 
front  of  and  internal  to  this,  and  close  to  the  posterior  free  border,  is  the 
foramen  ovale,  of  large  size  and  elongated  form.  This  gives  passage  to  the 
motor  root  and  inferior  sensory  division  of  the  Y.  nerve,  and  admits  the  small 
meningeal  branch  of  the  middle  meningeal  artery ;  a  small  emissary  vein  from  the 
cavernous  sinus  usually  passes  through  this  foramen,  and  occasionally  also  the 
small  superficial  petrosal  nerve.  Near  the  fore  part  of  the  root  of  the  great  wing, 
and  just  below  the  sphenoidal  fissure,  is  the  foramen  rotundum,  of  smaller  size  and 
ciiciilar  form.  Through  this  the  second  division  of  the  V.  nerve  escapes  from  the 
cranium.  Occasionally  there  is  a  small  canal — the  foramen  of  Vesalias — which 
pierces  the  root  of  the  great  wing  to  the  inner  side  of  the  foramen  ovale.  This 
opens  below  into  the  scaphoid  fossa  at  the  base  of  the  internal  pterygoid  plate,  and 
transmits  a  small  vein.  Occasionally  there  is  a  small  foramen  (canaliculus 
innominatus)  to  the  inner  side  of  the  foramen  spinosum  for  the  transmission  of 
the  small  superficial  petrosal  nerve. 

The  outer  surface  of  the  great  wing  is  divided  into  three  well-marked  areas ;  of 
these  the  upper  two  are  separated  by  an  oblique  jagged  ridge,  the  malar  crest 
(margo  zygomaticus),  for  articulation  with  the  orbital  process  of  the  malar  bone. 
The  lower  part  of  this  ridge  may  occcksionaUy  articulate  with  the  malar  process  of 
the  superior  maxilla.  Of  these  two  areas  the  orbital  (facies  orbitalis)  is  directed 
forwards  and  a  little  inwards ;  of  quadrilateral  shape,  it  forms  the  back  and  outer 
wall  of  the  orbit ;  plane  and  smooth,  it  is  bounded  behind  by  the  sharp  inferior 
free  margin  of  the  sphenoidal  fissure,  towards  the  inner  extremity  of  which  a 
pointed  spine  for  the  attachment  of  the  inferior  common  ligament  of  origin  of  the 
ocular  muscles  can  usually  be  seen.  It  is  limited  superiorly  by  the  edge  of  a  rough 
triangular  area  which  articulates  with  the  frontal  bone ;  anteriorly  by  the  malar 
crest;  whilst  inferiorly  a  free,  well-defined  horizontal  margin  constitutes  the 
posterior  and  external  boundary  of  the  spheno-maxillary  fissure  (fissura  orbitalis 
inferior),  which  separates  this  part  of  the  bone  from  the  orbital  plate  of  the  superior 
mRTillft,  Below  this  border  there  is  a  grooved  surface  which  leads  inwards  toward 
the  orifice  of  the  foramen  rotundum.  In  the  articulated  skull  this  forms  part  of 
the  posterior  wall  of  the  spheno-m6ixillary  fossa. 

To  the  outer  side  of  the  malar  crest,  which  bounds  it  in  front,  is  the  temporal 
area  (facies  temporalis),  concavo-convex  from  before  backwards.  It  slopes  inwards 
below,  where  it  is  separated  from  the  zygomatic  area  by  a  well-marked  muscular 
ridge,  the  infra-temporal  crest  or  pterygoid  ridge  (crista  infratemporalis).  Behind, 
the  temporal  surface  ia  bounded  by  the  margin  of  the  great  wing  which  articulates 
with  the  squamous  temporal,  and  above  by  the  edge  which  unites  it  with  the 
anterior  inferior  angle  of  the  parietal  and  the  frontal  bone.     The  temporal  surface 
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stylo-hyoid,  and  stylo-pharyngeuB  muscles  as  well  as  the  etylo-hyoid  and  stylo- 
mandibular ligaments.  Just  behind  it,  and  between  it  and  the  mastoid  process. 
is  the  fltrlo-maBtoid  foramen  (foramen  etylomastoideum),  which  lies  at  the  anterior 
end  of  the  digastric  groove,  and  transmits  the  facial  nerve  and  the  stylo-mastoid 
artery.  Immediately  internal  to  the  styloid  process  there  is  a  deep,  amooth, 
excavated  hollow,  the  jugular  fossa  (fossa  jugularis),  which  ia  converted  into  a 
foramen  {.jugular)  by  articulation  with  the  occipital  bone.  Behind  and  external  to 
the  fossa  there  is  a  small  quadrilateral  surfoce  of  variable  size,  which  is  united  to 
the  extremity  of  the  jugular  process  of  the  exoccipital  by  a  synchondrosis.  Inside 
the  fossa,  on  its  outer  aspect,  or  placed  on  its  external  l(order,  is  the  opening  of  a 
small  canal  (canaliculus  mastoideus),  which  passes  outwards  to  open  into  the  canalis 
facialis,  and  transmits  the  auricular  branch  of  the  vagus  (Arnold's  nerve),  which 
ultimately  escapes  through  the  auricular  fissure  (see  ante).      In  front  of  the 

jugular  foasa  and  separated 
Temporal  surfure  fj^ni  it  by  a  sharp  crest,  and 

just  internal  to. the  tympanic 
ii  lympini      plate,  IS  the  circular  opening 
''*"™'''       of  the  inferior  orifice  of  the 
carotid  canal  (canalis  caroti- 
eus).     Directed  at  first  up- 
wards, this  canal  bends  at  a 
right  angle  and  turns   for- 
wards   and    inwards,    lying 
parallel      to     the     anterior 
border;    reaching    the    fore 
move  tor        P^^i  of  the  apBx  of  the  bone, 
f™uinuH    '''    '^V^^^    >°    front    by   an 
J  oblique     ragged     orifice, 

rAmiBon'i'  Through  the  canal   the  in- 
ternal carotid  artery,  accom- 
A^ioirt!      panied  by  a  plexus  of  sym- 
pathetic nerves,  passes  into 
the  cranium.     On  the  ridge 
m.rtflce         of  boneseparating  the  jugular 
fossa  from  the  carotid  canal  is 
the  opening  of  a  small  canal 
(canaliculus   tympanicun), 
through  which  the  tympanic 
branch  of  the  glosso-pharyn- 
geal    (nerve    of    Jacobson) 
passes    to  reach    the    tym- 
Fia.  90.— RioHT  Temporal  Bnm  as  sbsn  fboh  Below.  panum.     Within  the  orilice 

of  the  carotid  canal  another 
small  opening  or  openings  (canaliculi  carotici  tympanici)  may  be  noticed  which 
afford  passage  to  the  tympanic  branches  of  the  internal  carotid  artery  and  carotid 
sympathetic  plexus.  Occupying  the  interval  between  tlie  jugular  fossa  and 
the  carotid  canal  on  the  inner  side  is  a  V-shaped  depression  (fossula  feneRtrs 
cochlcffi),  on  the  floor  of  which  and  close  to  the  posterior  border  is  the  orifice  of 
the  aqueduct  of  the  cochlea  (aperture  externa  aquaeductua  cochleie).  In  the  fos-sa 
is  lodged  the  petrous  ganglion  of  the  glosso-pharyngeal  nerve,  and  the  aqueduct 
transmits  a  tubular  prolongation  of  the  dura  mater,  which  forms  a  channel  of 
communication  between  the  perilymph  of  the  cochlea  and  the  suburachnoid  space. 
A  small  vein  also  passes  through  it.  In  front  of  and  internal  to  the  orifice  of  the 
carotid  canal  the  under  surface  of  the  apex  of  the  bone  corrcsjionds  to  a  rough 
quadrilateral  surface  which  forms  the  floor  of  the  carotid  canal,  and  also  serves  for 
the  attachment  of  the  cartilaginous  part  of  the  Eustachian  tube  as  well  as  the 
origin  of  the  levator  palati  muscle ;  elsewhere  it  has  attached  to  it  the  dense 
fibrous  tissue  which  fills  up  the  cleft  (petro-basilar  fissure)  between  it  aud  the 
basilar  process  of  the  occipital  bone, 
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The  superior  or  anterior  surface  bears  the  impress  of  the  convolutions  of  the 
under  surface  of  the  temporal  lobe  of  the  cerebrum,  which  rests  upon  it;  in 
addition,  there  is  a  distinct  but  shallow  depression  (impressio  trigemini)  near  the 
apex,  corresponding  to  the  roof  of  the  carotid  canal;  in  this  is  lodged  the 
Grasserian  ganglion  on  the  sensory  root  of  the  V.  cranial  nerve.  External  to  the 
middle  of  the  upper  surface,  and  close  to  its  posterior  border,  is  the  elevation 
(eminentia  arcuata),  more  or  less  pronounced,  which  marks  the  position  of  the 
superior  semicircular  canal  here  lodged  within  the  bone.  A  little  in  front  of  this,  and 
in  line  with  the  angle  formed  by  the  anterior  border  and  the  squamous  part,  is  the 
slit-like  opening  of  the  luattis  Fallopii  (hiatus  canalis  facialis),  within  the  projecting 
lip  of  which  two  small  orifices  can  usually  be  seen.  These  are  the  openings  of  the 
aqiueductiis  Fallopii  (canalis  facialis) ;  if  a  bristle  be  passed  through  the  inner  of  the 
two  openings  it  wiU  be  observed  to  pass  into  the  bottom  of  the  internal  auditory 
meatus,  if  into  the  outer,  it  will  pass  through  the  aqueduct  of  FaUopius,  and,  provided 
the  channel  be  clear,  will  appear  on  the  under  surface  of  the  bone  at  the  stylo- 
mastoid foramen.  Leading  forwards  and  inwards  from  the  hiatus  towards  the 
anterior  border  is  a  groove :  in  this  lies  the  great  superficial  petrosal  nerve  which 
passes  out  of  the  hiatus.  A  small  branch  of  the  middle  meningeal  artery  also 
enters  the  bone  here.  A  little  external  to  the  hiatus  is  another  small  opening 
(apertura  superior  canalis  tympanici),  often  difficult  to  see ;  from  this  a  groove  runs 
forwards  which  channels  the  upper  surface  of  the  roof  of  the  canal  for  the  tensor 
tympani  muscle.  Tlirough  this  foramen  and  along  this  groove  passes  the  lesser 
superficial  petrosal  nerve.  Behind  this,  and  in  front  of  the  arcuate  eminence,  the 
bone  is  usually  thin  (as  may  be  seen  by  holding  it  up  to  the  light  falling  through 
the  external  auditory  meatus),  roofing  in  the  cavity  of  the  tympanum  and  forming 
the  tegmen  tympanL  Externally  the  Une  of  fusion  of  the  petrous  with  the  squamous 
part  is  often  indicated  by  a  faint  and  irregular  petro-squamous  fissure. 

The  most  conspicuous  object  on  the  posterior  surface  of  the  petrous  part  of  the 
bone  is  the  internal  auditory  meatus  (meatus  acusticus  internus)  about  8  mm.  deep 
in  the  adult,  which  has  an  oblique  oval  aperture  and  leads  outwards  and  slightly 
downwards  into  the  substance  of  the  bone,  giving  passage  to  the  auditory  and 
facial  nerves,  together  with  the  pars  intermedia  and  the  auditory  branch  of  the 
basilar  artery.  The  canal  appears  to  end  blindly ;  but  if  it  be  large,  or  stiU  better,  if 
part  of  it  be  cut  away,  its  fundus  will  be  seen  to  be  crossed  by  a  horizontal  ridge,  the 
fiddform  crest,  which  divides  it  into  two  fossae,  the  floors  of  which  (laminae  cribrosse) 
are  pierced  by  numerous  small  foramina  for  the  branches  of  the  auditory  nerve  and 
the  vessels  passing  to  the  membranous  labyrinth,  whilst  in  the  fore  and  upper  part 
of  the  higher  fossa  the  orifice  of.  the  Fallopian  aaueduct  (canalis  facialis),  through 
which  the  facial  nerve  passes,  is  seen  leading  in  the  direction  of  the  hiatus  Fallopii 
(see  ante).  Externtd  to  the  internal  auditory  meatus  and  above  it,  close  to  the 
superior  border,  an  irregular  depression,  often  faintly  marked,  with  one  or  two  small 
foramina  opening  into  it,  is  to  be  noticed.  This  is  the  floccular  fossa  (fossa  subarcuata), 
best  seen  in  young  bones,  where  it  forms  a  distinct  recess,  which  is  bounded  above 
by  the  bulging  caused  by  the  superior  semicircular  canal,  within  the  concavity  of 
which  it  is  placed ;  it  lodges  a  process  of  the  dura  mater.  Below  and  external  to 
this,  separated  from  it  by  a  smooth,  elevated  curved  ridge,  is  the  opening  of  the 
aqueduct  of  the  Testibule  (apertura  externa  aquaeductus  vestibuli),  often  concealed 
in  a  narrow  curved  fissure  overhung  by  a  sharp  scale  of  bone.  In  this  is  lodged  the 
saccus  endolymphaticus.  The  ridge  above  it  corresponds  to  the  upper  half  of  the 
posterior  semicircular  canal. 

OonnexionB. — The  temporal  bone  articulates  with  the  malar,  sphenoid,  parietal,  and  occipital 
Iwnes,  and  by  a  movable  joint  with  the  inferior  maxilla.  Occasionally  the  temporal  articulates 
with  the  frontal,  as  happens  normally  in  the  anthropoid  apes;  although  the  region  of  the 
pterion  (see  p.  154)  is  characterised  by  an  X-like  form  in  the  lower  races  of  man  there  is  no 
evidence  that  the  occurrence  of  a  fronto-squamoaal  suture  is  more  frequent  in  the  lower  than  the 
higher  races,  its  occurrence  being  due  to  the  manner  of  fusion  of  the  so-called  epipteric  ossicles 
with  the  sorroimding  bones. 

Architecture. — ^The  temporal  bone  is  remarkable  for  the  hardness  and  density  of  its  petrous 
part,  wherein  is  lodged  the  osseous  labyrinth  which  contains  the  delicate  organs  associated  with 
the  sensee  of  hearing  and  equilibration.    The  middle  ear  or  tympanum  is  a  cavity  which  contains 
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the  Bmall  auditory  oeaiclee,  and  ia  aeparat«d  from  the  external  auditory  meatus  by  the  membrana 
tympanu  In  front  it  communicatee  with  the  pharynx  by  the  Eustaciiian  tube ;  behind,  it  open? 
into  the  maatoid  antrum  and  ma«tuid  air-cells  by  the  aditua  ad  antrum.  Saptriorly,  it  in 
separated  from  the  middle  cranial  foeea  by  a 
>late  of  bone  called  the  teamen  tympaui. 
'urly,  iU  floor  is  formed  in  part  by  the 
if  the  Jugular  fossa  and  the  carotid  canal. 
Mlly,  it  is  related  to  the  structures  which 
the  inner  ear,  notably  the  cochlea  and 
inle,  in  front  of  which  it  ia  aeparated  by  a 
plate  of  bone  from  the  carotid  canaL 
iUg  over  the  cavity  of  the  tympanum  is 
qu»ductua  Fallopii,  the  thin  walla  of 
I  are  occasionally  deficient.  These  detaila 
36  further  dealt  with  in  the  section  de- 
to  the  Oi^ns  of  Sense. 
uiations. — The  occurrence  of  a  deficiency 
floor  of  the  external  auditoiy  meatus  ia 

-non  in  the  adult.     It  is  met  with 

commonly  in  the  child  till  about 
the  age  of  five,  and  is  due  to  incom- 
plete ossification  of  the  tympanic 
plat«.  The  line  of  the  petro- 
aquamoaal  auture  ia  occasionally 
grooved  for  the  lodgment  of  a  ainus 
(petro-squamosal) ;  sometimes  the 
posterior  end  of  this  ia  continuous 
with  a  canal  which  pierces  the 
superior  border  of  the  bone  and 
opena  into  the  lateral  sinus.  An- 
teriorly the  groove  may  pass  into 
a  canal  which  pierces  the  rout  of 
,  the  zygoma  ana  appears  eitemallv 

above  the  external  extremity  of  the  Qlaseriau  fissure.    These  are  the  remains  of  channels  through 
which  the  blood  passed  in  the  ftctal  condition  (see  ante).     Symington  has  described  a  case  in 
which  the  squamous  part  was  distinct  and  separate  from  the  rest  of  the 
temporal  bone  in  an  adult ;  whilst  Hyrtl  1        " 
the  temporal  aquama  into  two  by  a  transv 
(^Joum.  Anat  and  PkyiioL  voL  iizviL  p.  36 
in  which  there  was  absence  of  the  internal 
stylo-uastoid  foramen.     The  jugular  fossa 
waa  partial  absence  of  the  groove  for  the  1 
the  presence  of  a  large  mastoid  foramen.    A 
ixiDintion  of  the  carotid  canal  is  also  referre 
a.  H.  K.  Macalister. 

G.  Caribbe  {Anal.  Anz.  vol.  xx.  e. 

p.  81)  notes  the  occurrence  in  idiots 
and  imbeciles  of  a  more  pronounced 
form  of  post-glenoid  tubercle,  and      S'lJ"''!"'' 

asaociatiaitwithregreasivechangea  . 

in  the  development  of  the  temporal  inir,"i'ilMioia '"" 

Ossification.— The  petro-    «.iiicirr'lf  Siii'fJJliii 

mastoid  portion  of  the  bone  ia  .uonoryS  "•"•  t-p- 

developed  by  the  deposition  of  r>inp«imiii 

earthy   matter   in    the   cartiia-  mj'S^'  „   m, 

ginouB  ear  capsule  and  the  peri-       ''"'^"  i.i  i 
chondrium  lining  the  labyrinth.  •■'" 

The  squamous  and  tympanic 
parts  are  oaaiticd  in  membrane. 

Ossification    commences    in 
the   ear   capsule    in    the    fifth  p,^  52.- 

montli,  and  proceeds  so  rapidly  i 

that  by  the  end  of  the  sixth 
month  the  individual  centres  are  more  or  less  fused.  Of  these,  one  which  appears  in 
the  vicinity  of  the  emiueiitia  arcuata  is  the  most  definite  in  position  and  form  ;  from 
this  a  lamina  of  bone  of  spiral  form  is  developed,  which  covers  in  the  inner  limb  of 
the  superior  semicircular  canal,  and  forms  the  root  of  the  iut«mal  auditory  meatua, 
together  with  the  commencement  of  the  Fallopian  aqueduct.  Iteachitig  forwards,  it 
extends  to  the  apex  of  the  petrous  part;   whilst  externally  it  forma  part  of  the  inner 
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w&ll  of  the  tjrmpanuro,  BurroundB  the  fenestra  ovalis,  and  encloees  within  its  substance 
portions   of    Uie  cochlea,  Testibule,  and   superior   semicirctilar  canal.      Another   centre 
appears  in  the  Ticinity  of  the 
promoutor;  on  the  inner  wall  /^' 

of  the  tvropanum,  aurronnds  the  r    /   os^o"'  EmMciiiiB  un&i 

fenestra  rotunda,  forms  the  floor 
of  the  vestibule,  and  extends 
inwards  to  complete  the  floor 
of  the  internal  auditory  meatus. 
Surrounding  the  cochlea  in  - 
feriorly  and  externally,  it  com- 
pletes the  floorof  the  tympanum,  gtyiai< 
BDd  ultimately  hiends  with  the  ^ 

fore  and  under  part  of  the  ^^^^ 
tympanic  ring.  The  carotid  o 
canal  at  first  grooves  it,  and  is  = 

then    subsequently   surrounded  , 

by  it.  According  to  Lambertz 
the  lamina  spiralis  of  the  cochlea 
ossifies  in  membrane.  The  roof 
of  the  tympanum  is  formed  from 
a  separate  centre,  which  extends 
backwards  towards  the  superior 
semicircular  canal,  and  encloses 
the  tympanic  part  of  the  aque- 
duct of  F&lloptua ;  externally 
this  centre  unites  by  suture  with 
the  squamosal,  and  sends  down 
a  thin   process,  which  appears 

between  the  lips  of  the  Glaserian     „     „„     „  -  ,       m  u 

ii_  J  e  .1.         ^  II      ^'^-  93.— HoiuzoNTAL  Section  thmoiom  LBtT  TSMFOBiL  BoNi 

fissure,  and  forms  the  outer  wall  ^Lo^^,  H^,  „,  3«tion). 

of  the  Eustachian  tube.    Nuclei, 

either  single  or  multiple,  appear  in  the  base  of  the  petrous  part,  and  envelop  the  posterior 
and  external  semicircular  canals.  It  is  by  extension  from  this  part  that  the  mastoid  process 
is  ultimately  developed.  To  these  centres  the  terms  pro-otic,  opiathotic,  pterotio,  and 
epiotic,  respectively,  have  been  applied  by  Huxley  and  others.  The  styloid  process,  an 
independent  development  from  the  upper  end  of  the  cartilage  of  the  second  visceral  arch, 
is  ossified  from  two  centres.  The  upper  or  basal  appears  before  birth,  and  rapidly  unites 
with  the  petro-maatoid,  the  tympanic  plate  encircling  it  in  front.  This  represeuts  the 
tympanol^^  of  comparative  anatomy.  At  birth,  or  subsequent  to  it,  another  centre 
appears  in  the  cartilage  below  the  above  :  this  is  the  stjrlohraL  Ankylosis  usually  occurs 
in  adult  life  between  the  tympanohyal  and  stylohyal,  the  union  of  the  two  constituting 
the  ao-calted  styloid  process  of  humau  anatomy. 

The  centre  from  which  the  stLtumo-zygomatic  develops  appears  in  membrane  about 
the  end  of  the  second  month.  Situated  near  the  root  of  the  zygoma,  it  extends  forwards 
and  outwards  into  that  process,  inwards  to  form  the  floor  of  the  glenoid  fossa,  and 
upwards  into  the  squamosal.  From  this  latter  there  is  a  downward  and  backward  exten- 
sion, which  forms  the  post^uditoty  process  ;  this  ultimately  blends  with  the  posterior  limb 
of  the  tympanic  ring,  being  separated  from  it  in  the  adult  by  the  auricular  fissure.  It  forms 
the  outer  wall  of  the  maetJDid  antrum,  and  constitutes  the  fore  and  upper  part  of  the 
mastoid  process  in  the  adult.  About  the  third  month  a  centre  appears  in  the  outer 
membranous  wall  of  the  tympanum  :  from  this  the  tympanic  ling  is  developed.  Incom- 
plete above,  it  displays  two  free  extremities.  Of  these,  the  anterior  is  somewhat  enlarged, 
and  unites  in  front  with  the  gteuoid  portiou  of  the  squamo-zygomatic,  being  separated 
from  it  by  the  Glaserian  fissure  and  the  downgrowth  from  the  tegmen  tympani ;  the 
posterior  joins  the  post-auditory  process  of  the  squamo- zygoma  tic  above  mentioned. 
Below,  it  blends  internally  with  the  portion  of  the  pctro-maatoid  which  forms  the  floor  of 
the  tympanum,  and  ensheathes  the  tympanohyal  behind.  From  the  outer  side  of  the 
lower  part  of  this  ring  two  tubercles  arise ;  these  grow  outwards,  and  so  form  the  floor 
of  the  external  auditory  meatus.  The  interval  between  tlicm  remains  unossified  till 
ibout  the  age  of  five  or  six,  after  which  closure  takes  place.  This  deficiency  may,  how- 
ever, persist  even  in  adult  life  (see  ante,  Variations). 

At  birth  tho  temporal  bone  can  usually  be  separated  into  its  component  parts.     The 
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outer  surface  of  the  petrous  part  not  only  forma  the  inner  wall  of  the  tympanuni,  but  is 
hollowed  out  behind  and  above  to  form  the  inner  eide  of  the  mastoid  antrum,  the 
outer  wall  of  which  is  completed  by  the  poet-auditory  process  of  the  aquamo-zygomatic- 
As  yet  the  mastoid  process  is  undeveloped.  It  only  aseumea  its  nipple-like  form  about  tlie 
second  year.     Towards  puberty  its  cancellous  tissue  becomes  permeated  with  air  spaces. 


BlBTH.      R   Tab  SAMB   with   SqUAHO-ZYOOUATIC   POimOB    RMOVBD.  "'"■'  iSMPOBiL  BOM  iT  BIHTH. 

(The  iBtWriiig  i.  the  Bame  io  botb  A  and  B.)     a.  Tympauic  ring.     ^  Inner  *»11  "'  ,3j^3,"'»«d  ht^^^l]i;l. 

of  tympanum,     c,   Fei.estra   rotuiidft.     </,   Foramen  ovale.     (,   M«l0id.  ^^^.^  j^^   j,,^    ^f  j,^^  1^^    ,V^i 

/,    Mistoid    process,      g.    Maato-aquamossl    suture,    with    foramen   for  «,  Subareuale  fossi  rf.  Aqu«lucii. 

i™ii8mk,io.i  of  ve»ula.     A,  S<iu«iHo.iygomatid,  removed  in  hgure  B  to  vesUbuli.     «,  Aqu«duclu.  ccK-hle.-. 

show  how  Its  descending  process  forms  the  out«r  wall  of  the  mastoid  y_    lulenuU   auditory  me.Hui.      ,-. 

""'"■■n-  Upper  end  of  cwotid  cuial. 

which  are  in  communication  with  and  extensions  from  the  mastoid  antrum.  The  external 
auditory  meatus  is  unossitied  in  front  and  below,  the  outgrowth  from  the  tympanic  ring 
occurring  subsequent  to  birth.  The  glenoid  fossa  is  shallow  and  everted ;  the  jugular 
fossa  is  ill-marked  ;  whilst  the  subarcuate  fossa  is  represented  by  a  deep  pit,  the  so-called 
floccular  fossa  of  comparative  anatomy.  The  hiatus  Fallopii  is  an  open  groove,  displaying 
at  either  end  the  openings  of  the  inner  and  outer  portions  of  the  Fallopian  aqueduct. 

The  Sphenoid  Bokb. 

The  spheDoid  bone  (ob  sphenoidale)  lies  in  front  of  the  basi-occipital  meaiaUr, 
and  the  temporals  on  either  side.  It  enters  into  the  formation  of  the  cranial, 
orbital,  and  nasal  cavities,  as  well  as  the  temporal,  zygomatic,  pterygoid,  and 
spheno-maxillary  fossse.  It  consists  of  a  body  with  three  pairs  of  expanded  pro- 
cesses, the  great  wings,  the  lesser  wings,  and  the  pterygoid  processes. 

The  body  (corpus),  more  or  less  cubical  in  form,  is  hollow,  and  contains  within 
it  the  two  large  sphenoidal  air  sinuses.  These  are  separated  by  a  partition,  which 
is  uBually  deflected  to  one  or  other  side  of  the  middle  line.  Each  sinus  extends 
outwards  for  a  short  distance  into  the  root  of  the  great  wing,  and  downwards  and 
outwards  towards  the  base  of  the  pterygoid  process  of  the  same  side.  They 
communicate  by  apertures  with  the  upper  and  hack  part  of  the  nasal  fossae.  In  the 
adult  the  posterior  aspect  of  the  body  displays  a  sawn  surface  due  to  its  separation 
from  the  Iwisi-occipital  with  which  in  the  adult  it  is  firmly  ankylosed.  The  superior 
surface,  from  the  fore  angles  of  which  the  lesser  wings  arise,  displays  an  appearance 
comparable  to  that  of  an  oriental  saddle,  over  its  middle  there  is  a  deep  depression, 
the  sella  tnrcica  or  pituitary  fossa  (foaaa  hypophyseos),  in  which  is  lodged  the 
pituitary  body.  Behind,  this  is  overhung  by  a  sloping  ridge,  the  dortnus  salla,  the 
posterior  surface  of  which  is  inclined  upwards,  and  is  in  continuation  with  the 
basilar  groove  of  the  occipital  bone.  Anteriorly  and  externally  the  angles  of  this 
ridge  project  over  the  pituitary  fossa  in  the  form  of  prominent  tubercles,  called  the 
posterior  dinoid  processes  (processus  clinoidei  posteriores).  In  front  of  the  pituitary 
fossa  there  is  a  transverse  elevation,  the  olivary  eminence  (tuberculum  sellsej, 
towards  the  outer  extremities  of  which,  and  somewhat  behind,  there  are  often- 
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times  little  spure  of  bone,  the  middle  disoid  proceBses  {processus  clinoidei  medii). 
In  front  of  the  olivary  eminence  is  the  optic  groovo  (sulcus  chiaamatiB),  which 
passes  outwards  on  either  aide  to  become  continuous,  between  the  roots  of  the 
lesser  wings,  with  the  optic  foramina. 


This  groove  is  liable  to'conBiderable  variations,  and  apparently  does  not  always  serve  for  the 
lodgment  of  the  optic  chiaama.  (Lawrence,  "Proc  Soc.  Anat,"  Joum.  Anat.  and  Phytiol. 
voL  iiviii  p.  18.) 

In  front  of  the  optic  groove,  from  which  it  is  often  separated  by  a  thin  sharp  edge, 
the  superior  surface  continues  forwards  on  the  same  plane  as  the  upper  surfaces  of 


Fig.  96.— Sphenoid  as  skbn  from  the  Fboht. 

Ihe  lesser  wings,  and  terminates  anteriorly  in  a  ragged  edge,  which  articulates  with 
the  cribriform  plate  of  the  ethmoid,  and  has  often  projecting  from  it,  niesially,  a 
pointed  process,  the  ethmoidal  spine.  The  lateral  aspects  of  the  body  are  fused 
with  the  great  wings,  and  in  part  also  with  the  roots  of  the  pterygoid  processes. 
Curring  ^ong  the  side  of  the  body,  superior  to  its  attachment  to  the  great  wiag, 
is  an   y'-shaped  groove,  the  carotid  groove  (sulcus  caroticus),  which  marks  the 
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position  and  course  of  the  internal  carotid  artery.  Posteriorly,  the  hinder  margin 
of  this  groove,  formed  by  the  salient  outer  edge  of  the  posterior  surface  of  the 
body,  articulates  with  the  apex  of  the  petrous  portion  of  the  temporal  bone,  and 
is  hence  called  the  petrosal  process ;  just  above  this,  on  the  lateral  border  of  the 
dorsum  sellae,  there  is  often  a  groove  for  the  sixth  nerve. 

The  anterior  surface  of  the  body  displays  a  vertical  mesial  sphenoidal  crest 
(crista  sphenoidalis),  continuous  above  with  the  ethmoidal  spine,  and  below  with 
the  pointed  projection  called  the  rostrum.  This  crest  articulates  in  front  with  the 
perpendicular  plate  of  the  ethmoid.  On  either  side  of  the  middle  line  are  seen  the 
irregular  openings  leading  into  the  sphenoidal  air  sinuses,  the  thin  anterior  walls 
of  which  are  in  part  formed  by  the  absorption  of  the  sphenoidal  turbinated  bones 
with  which  in  early  life  they  are  in  contact.  With  the  exception  of  a  broad  groove 
leading  downwards  from  the  apertures  above  mentioned,  which  enters  into  the 
formation  of  the  roof  of  the  nasal  fossa  of  the  corresponding  side,  the  lateral 
aspects  of  this  surface  of  the  bone  are  elsewhere  in  articulation  with  the  lateral 
masses  of  the  ethmoid  and  the  orbital  processes  of  the  palate  bones.  The  rostrum 
is  continued  mesially  for  some  distance  along  the  inferior  surface  of  the  body, 
where  it  forms  a  prominent  keel  which  fits  into  the  recess  formed  by  the  alae  of 
the  vomer.  The  edges  of  the  latter  serve  to  separate  the  rostrum  from  the  incurved 
vaginal  processes  at  the  roots  of  the  internal  pterygoid  plates.  Posteriorly  the 
under  surface  of  the  body  of  the  sphenoid  is  rougher,  and  covered  by  the  mucous 
membrane  of  the  roof  of  the  pharynx ;  here,  occasionally,  a  median  depression  may 
be  seen  which  marks  the  position  of  the  inferior  extremity  of  a  fcetal  channel, 
called  the  canalis  cranio-pharyngeus. 

The  lesser  or  orbital  wings  (alae  parvae)  are  two  flattened  triangular  plates  of 
bone  which  project  forwards  and  outwards  from  the  fore  and  upper  part  of  the 
body  of  the  bone,  with  which  they  are  united  by  two  roots  which  enclose  between 
them  the  optic  foramina  (foramina  optica)  for  the  transmission  of  the  optic  nerves 
and  ophthalmic  arteries.  Of  these  roots,  the  posterior  springs  from  the  body  just 
wide  of  the  olivary  eminence,  separating  the  carotid  groove  behind  from  the  optic 
foramen  in  front ;  externally  this  root  is  confluent  with  the  recurved  posterior  angle 
of  the  lesser  wing,  forming  the  projection  known  as  the  anterior  dinoid  process 
(processus  clinoideus  anterior),  which  overhangs  the  fore  part  of  the  body  of  the 
bone.  The  anterior  root,  broad  and  compressed,  unites  the  upper  surface  of  the 
lesser  wing  with  the  fore  and  upper  part  of  the  body.  Externally  the  outer 
angle  terminates  in  a  pointed  process  which  reaches  the  region  of  the  pterion  and 
there  articulates  with  the  frontal,  and  may  come  in  contact  with  the  great  wing. 
The  superior  aspect  is  smooth,  and  forms  in  part  the  floor  of  the  anterior  cranial 
fossa.  The  inferior  surface  constitutes  part  of  the  posterior  portion  of  the  upper 
wall  of  the  orbit,  and  also  serves  to  roof  in  the  sphenoidal  fissure  which  separates 
the  lesser  from  the  greater  wings  below.  The  anterior  edge  is  ragged  and  irregular, 
and  articulates  with  the  orbital  plates  of  the  frontal.  The  posterior  margin, 
sharp  and  sickle-shaped,  separates  the  anterior  from  the  middle  cranial  fossa,  and 
corresponds  to  the  position  of  the  Sylvian  fissure  on  the  surface  of  the  cerebrum. 

The  greater  or  temporal  wings  (alsB  magnse),  as  seen  from  above,  are  of  a 
somewhat  crescentic  form.  If  the  inner  convex  edge  of  the  crescent  be  divided 
into  fifths,  the  posterior  fifth  extends  backwards  and  outwards  beyond  the  body  of 
the  bone,  presenting  a  free  posterior  edge,  which  forms  the  anterior  boundary  of  the 
foramen  lacerum  medium.  This  border  ends  behind  in  the  horn  of  the  crescent, 
from  which  a  pointed  process  projects  downwards,  called  the  alar  or  sphenoidal  spine 
(spina  angularis),  this  is  wedged  into  the  angle  between  the  petrous  and  squamous 
parts  of  the  temporal  bone.  The  inner  surface  of  the  posterior  border  and  spine  is 
furrowed  for  the  cartilaginous  Eustachian  tube  (sulcus  tubse),  whilst  on  the  inner 
side  of  the  spine  the  course  of  the  chorda  tympani  nerve  is  indicated  by  a  groove 
(Lucas).  The  second  fifth  of  the  convex  border  of  the  crescent  is  fused  to  the  side 
of  the  body  and  united  below  with  the  root  of  the  pterygoid  process.  The  angle 
formed  by  the  union  of  the  great  wing  with  the  side  of  the  body  posteriorly  corre- 
sponds to  the  hinder  end  of  the  carotid  groove,  the  outer  lip  of  which  is  formed  by 
a  projecting  lamina  called  the  lingnla.     The  remaining  three-fifths  of  the  convex 


THE  SPHENOID  BONE.  125 

border  is  divisible  into  two  nearly  equal  parts ;  the  inner  is  a  free^  ciirved,  sharp 
margin,  which  forms  the  inferior  margin  of  the  sphenoidal  flssnre  (fissura  orbitalis 
superior),  the  cleft  which  separates  the  great  wing  from  the  lesser  wing,  and  which 
establishes  a  wide  channel  of  communication  between  the  middle  cranial  fossa  and 
the  cavity  of  the  orbit,  transmitting  the  third,  fourth,  ophthalmic  division  of  the 
fifth,  and  the  sixth  cranial  nerves,  together  with  the  ophthalmic  veins.  Wide  of 
the  sphenoidal  fissure  this  edge  becomes  broad  and  serrated,  articulating  with  the 
frontal  bone  internally,  and  at  the  part  corresponding  to  the  anterior  horn  of  the 
crescent,  by  a  surface  of  variable  width,  it  unites  with  the  anterior  inferior  angle 
of  the  parietal  bone.  The  externcd  border  corresponds  to  the  concave  side  of 
the  crescent,  and  is  serrated  for  articulation  with  the  squamous  temporal,  being 
thin  and  bevelled  at  the  expense  of  its  outer  surface  above  and  externally,  and 
broad  and  thick  behind  as  it  passes  towards  the  alar  spine.  The  superior  or 
cerebral  sufface  is  concave  from  behind  forwards,  and  in  its  fore  part  from  side  to 
side  also ;  it  forms  a  considerable  part  of  the  floor  of  the  middle  cranial  fossa,  and 
bears  the  impress  of  the  convolutions  of  the  extremity  of  the  temporal  lobe  of  the 
cerebrum  which  rests  upon  it ;  towards  its  outer  side  it  is  grooved  obliquely  by  an 
anterior  branch  of  the  middle  meningeal  artery.  The  following  foramina  pierce 
the  great  wing :  close  to  and  in  front  of  the  alar  spine  is  the  foxamen  spinosam 
for  the  transmission  of  the  middle  meningeal  artery  and  its  companion  vein, 
together  with  a  recurrent  branch  from  the  third  division  of  the  V.  nerve.  In 
front  of  and  internal  to  this,  and  close  to  the  posterior  free  border,  is  the 
foramen  ovale,  of  large  size  and  elongated  form.  This  gives  passage  to  the 
motor  root  and  inferior  sensory  division  of  the  Y.  nerve,  and  admits  the  small 
meningeal  branch  of  the  middle  meningeal  artery ;  a  small  emissary  vein  from  the 
cavernous  sinus  usually  passes  through  this  foramen,  and  occasionally  also  the 
small  superficial  petrosal  nerve.  Near  the  fore  part  of  the  root  of  the  great  wing, 
and  just  below  the  sphenoidal  fissure,  is  the  foramen  rotondmn,  of  smaller  size  and 
circular  form.  Through  this  the  second  division  of  the  Y.  nerve  escapes  from  the 
cranium.  Occasionally  there  is  a  small  canal — the  foramen  of  VesaliuB — which 
pierces  the  root  of  the  great  wing  to  the  inner  side  of  the  foramen  ovale.  This 
opens  below  into  the  scaphoid  fossa  at  the  base  of  the  internal  pterygoid  plate,  and 
transmits  a  small  vein.  Occasionally  there  is  a  small  foramen  (canaliculus 
innominatus)  to  the  inner  side  of  the  foramen  spinosum  for  the  transmission  of 
the  small  superficial  petrosal  nerve. 

The  outer  su/rfdce  of  the  great  wing  is  divided  into  three  well-marked  areas ;  of 
these  the  upper  two  are  separated  by  an  oblique  jagged  ridge,  the  malar  crest 
(margo  zygomaticus),  for  articulation  with  the  orbital  process  of  the  malar  bone. 
The  lower  part  of  this  ridge  may  occasionally  articulate  with  the  malar  process  of 
the  superior  maxilla.  Of  these  two  areas  the  orbital  (facies  orbitaUs)  is  directed 
forwards  and  a  little  inwards ;  of  quadrilateral  shape,  it  forms  the  back  and  outer 
wall  of  the  orbit ;  plane  and  smooth,  it  is  bounded  behind  by  the  sharp  inferior 
free  margin  of  the  sphenoidal  fissure,  towards  the  inner  extremity  of  which  a 
pointed  spine  for  the  attachment  of  the  inferior  common  ligament  of  origin  of  the 
ocular  muscles  can  usually  be  seen.  It  is  limited  superiorly  by  the  edge  of  a  rough 
triangular  area  which  articulates  with  the  frontal  bone ;  anteriorly  by  the  malar 
crest;  whilst  inferiorly  a  free,  well-defined  horizontal  mEurgin  constitutes  the 
posterior  and  external  boundary  of  the  spheno-maxillary  fissure  (fissura  orbitalis 
inferior),  which  separates  this  part  of  the  bone  from  the  orbital  plate  of  the  superior 
maxilla.  Below  this  border  there  is  a  grooved  surface  which  leads  inwards  toward 
the  orifice  of  the  foramen  rotundum.  In  the  articulated  skull  this  forms  part  of 
the  posterior  wall  of  the  spheno-maxillary  fossa. 

To  the  outer  side  of  the  malar  crest,  which  bounds  it  in  front,  is  the  temporal 
area  (facies  temporalis),  concavo-convex  from  before  backwards.  It  slopes  inwards 
below,  where  it  is  separated  from  the  zygomatic  area  by  a  well-marked  muscular 
ridge,  the  inlhirtempond  crest  or  pterygoid  ridge  (crista  infratemporalis).  Behind, 
the  temporal  surface  is  bounded  by  the  margin  of  the  great  wing  which  articulates 
with  the  squamous  temporal,  and  above  by  the  edge  which  unites  it  with  the 
anterior  inferior  angle  of  the  parietal  and  the  frontal  bone.     The  temporal  surface 
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enters  into  the  formation  of  the  floor  of  the  fossa  of  the  same  name,  and  affords  an 
extensive  attachment  to  the  fibres  of  origin  of  the  temporal  muscle.  The  zygomatic 
surface  (facies  infratemporalis),  situated  below  the  infra-temporal  crest,  corresponds 
to  the  under  surface  of  the  posterior  half  of  the  great  wing ;  it  extends  as  far  back 
as  the  alar  spine  and  posterior  border.  Opening  on  it  are  seen  the  orifices  of  the 
foramen  spinosum  and  ovale.  It  is  slightly  concave  from  side  to  side,  and  is 
confluent  internally  with  the  outer  surfawe  of  the  external  pterygoid  plate.  In 
front  it  is  bounded  by  a  ridge  which  curves  upwards  and  outwards  from  the  fore 
part  of  the  external  pterygoid  plate  to  join  the  infratemporal  crest.  In  the 
articulated  skull  this  ridge  forms  the  posterior  boundary  of  the  pterygo-maxillan- 
fissure.  The  zygomatic  surface  overhangs  the  zygomatic  fossa,  and  affords  an  origin 
for  the  upper  head  of  the  external  pterygoid  muscle. 

The  pterygoid  prooesses  (processus  pterygoidei)  spring  from  the  inferior 
surface  of  the  lateral  aspect  of  the  body  as  well  as  the  under  side  of  the  root  of 
the  great  wings,  and  pass  vertically  downwards.  Each  consists  of  two  laminae,  the 
external  and  internal  pterygoid  plates,  fused  together  anteriorly,  and  enclosing 
between  them  posteriorly  the  pterygoid  fossa  (fossa  pterygoidea).  The  extenial 
pterygoid  plate  (lamina  lateralis  processus  pterygoidei),  thin  and  expanded,  is 
directed  obliquely  backwards  and  outwards,  its  lower  part  being  often  somewhat 
everted.  Its  hinder  edge  is  sharp,  and  often  has  projecting  from  it  one  or  two 
spines,  to  one  of  which  (processus  pterygo-spinosus)  the  pterygo-spinous  ligament 
which  stretches  towards  the  alar  spine  is  attached.  Externally  it  furnishes  an 
origin  for  the  lower  head  of  the  external  pterygoid  muscle,  and  on  its  inner  side, 
where  it  forms  the  lateral  waU  of  the  pterygoid  fossa,  it  supplies  an  attachment  for 
the  internal  pterygoid  muscle. 

The  internal  pterygoid  plate  (lamina  mediaUs  processus  pterygoidei)  is  narrower 
and  somewhat  stouter.  By  its  inner  aspect  it  forms  the  posterior  part  of  the 
lateral  wall  of  the  nasal  fossae;  externally  it  is  directed  towards  the  pterygoid 
fossa.  Its  posterior  edge  ends  below  in  the  hook-Hke  hamular  process  (hamulus 
pterygoidei),  which,  reaching  a  lower  level  than  the  external  plate,  curves  back- 
wards and  outwards,  furnishing  a  groove  in  which  the  tendon  of  the  tensor  palati 
muscle  glides ;  superiorly,  the  sharp  posterior  margin  of  the  inner  plate  bifurcates, 
so  as  to  enclose  the  shallow  scaphoid  fossa  from  which  the  tensor  palati  muscle 
arises,  and  wherein  may  occasionally  be  seen  the  inferior  aperture  of  the  foramen 
Vesalii.  To  the  inner  edge  of  this  fossa,  as  well  as  to  the  posterior  border  of  the 
internal  pterygoid  plate,  the  pharyngeal  aponeurosis  is  attached.  Here,  too,  the 
cartilage  of  the  Eustachian  tube  is  supported  on  a  slight  projection,  and  the  palato- 
pharyngeus  muscle  receives  an  origin,  whilst  the  superior  constrictor  of  the  pharynx 
arises  from  the  lower  third  of  the  same  border  and  from  the  hamular  process. 
Superiorly  and  internally  the  inner  plate  forms  an  incurved  lamina  of  bone,  the 
vaginal  process  (processus  vaginalis),  which  is  applied  to  the  under  surface  of  the 
lateral  aspect  of  the  body  reaching  inwards,  towards  the  root  of  the  rostrum,  from 
which,  however,  it  is  separated  by  a  groove,  in  which,  in  the  articulated  skull,  the 
ala  of  the  vomer  is  lodged.  The  angle  formed  by  the  vaginal  process  and  the 
internal  edge  of  the  scaphoid  fossa  forms  a  projection  called  the  pterygoid  tubercle, 
immediately  above  which  is  the  posterior  aperture  of  the  Vidian  canal  (canalis 
pterygoideus),  through  which  the  Vidian  nerve  and  artery  are  transmitted.  On  its 
under  surface  the  vaginal  process  displays  a  groove  (sulcus  pterygo-palatinus) 
which  in  the  articulated  skull  is  converted  into  the  pterygo-palatine  canal  by  its 
union  with  the  palate  bone.  In  front,  at  its  root,  the  pterygoid  process  displays  a 
broad  smooth  surface  (facies  spheno-maxillaris),  which  is  confluent  above  with  the 
root  of  the  great  wing  around  the  foramen  rotundum,  and  forms  the  posterior  wall 
of  the  spheno-maxillary  fossa.  Here,  to  the  inner  side  of  the  foramen  rotundum, 
is  seen  the  anterior  opening  of  the  Vidian  canal.  Below,  the  pterygoid  plates  are 
separated  by  an  angular  cleft,  the  pterygoid  notch  (fissura  pterygoidea) ;  in  this  is 
lodged  the  tuberosity  of  the  palate  bone,  the  margins  of  which  articulate  with  the 
serrated  edges  of  the  recess. 

Connexions. — The  8p1ienoid  articulateB  with   the  occipital,  temporals,  parietals,  froutal, 
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ethmoid,  sphenoidal  turbinals,  vomer, palate  and  malar  bones,  and  occasionally  with  the  superior 
uiaxillfe. 

Architecture-— In  the  adult  the  body  of  the  bone  is  hollow  and  encloses  the  sphenoidal  air 
oilU,  usuallr  two  iu  number,  separate  by  a  septum.  The  arrangement  and  extent  of  these  air 
tella  vary  ;  sometimes  tbeyare  multi Jocular, at  other  times  simple,  while  ocea-^ioiially  they  extviid 
boi^kwaraa  into  the  basi-ocuipital  and  outwards  and  downwards  into  the  roots  of  the  great  wings 
and  pt«r7gDid  ptocesscs.  Cases  are  on  record  in  which  in  the  adult  the  body  of  the  bone  wa.s  not 
pneumatic. 

Vuiations. — Through  imperfect  ossification  the  foramen  spinosum  and  foramen  ovale  are 
soinetiinea  incomplete  posteriorly.  Le  Double  {Bull,  el  mim.  de  la  Soc.  d'Anth.  de  Farit,  5"  ser. 
ToL  iii.  p.  &50J,  records  a  case  in  which  the  foramen  rotundum  and  the  sphenoidal  fissure  were 
united  MI  as  to  form  a  single  cleft. 

Through  deficiency  of  its  external  wall,  the  optic  foramen,  in  rare  instances,  communicates 
with  the  sphenoidal  fifisiu^  Duplication  of  the  optic  foiitmen  is  also  recorded  as  a  rare 
iitcum-nce,  the  artery  jiassing  through  one  canal,  the  nei-ve  through  the  other.  Pereistence  of 
the  cranio -pharviif{eal  canal  is  also  occasionally  met  with.  On  the  other  hand,  owing  to  the 
ossification  of  fibrous  bands  connecting  the  several  bony  points,  anomalous  foramina  are 
frequently  met  with.  Cases  of  persistence  of  the  cranio- phai-yngeat  canal  have  been 
recorded. 

Ossification. — The  sphenoid  of  man  is  formed  by  the  fusion  of  two  parts,  the  pre- 
sptiflnold  and  the  poit-Bphenoid,  each  associated  with  certain  processes.  In  moat  manimalB 
the  orbito-sphenoids  or  lesser  wings  fuse  with  the  pre-spbeiioid,  whilst  the  alisphenoids  or 
tireater  icings,  together  with  the  interoal  pterygoid  plate,  ankytoee  with  the  post-sphenoid. 
Tlie  ossification  of  these  several  parts  takes  place  in  cartilage,  with  the  exception  of  the 
iiiterual  pterygoid  plate,  which  is  developed  from  an  independent  centre  in  the  connective 
tissue  of  the  lateral  wall  of  the  oral  cavity  (Hertwig). 

At  the  end  uf  the  second  month  a  centre  appears  in  the  root  of  the  great  wing  between 
the  f^>r»men  ovale  and  foramen  totuudiim ;  from  this  the  ossification  spreads  outwards  and 
backwards  and  also  downwards  into  tlie  external  pterygoid  plate.  Meanwhile  two  centres 
upjicar  about  the  same  time  in  the  basi-sphenoid  in  relation  to  the  floor  of  the  sella  turcica  and 
on  either  side  of  the  cranio-pharyugeal  canal,  around  which  they  ossify,  ultimately  leading 
to  the  obliteration  of  this  channel.  Somewliat  later  a  centre  appeara  on  either  side,  from 
which  the  lateral  aspect  of  the  body  and  the  lingula  are  developed.  Fusion  between  these 
four  centres  is  usually  complete  by  the  sixth  mouth. 

In  the  pre-sphcnoid  a  pair  of  lateral  nuclei  make  their  appearance  about  the  middle  of 
the  third  month,  just  external    to  the  optic 

foramina ;    from    each    of   these    the    orbito-  '  b        u       i,  a 

sphenoids  (leaser  wings)  and  their  roots  are 
developed.  About  the  same  time  another 
pair  of  centres,  placed  mesial  to  the  optic 
foramina,  constitute  the  body  of  the  pre- 
spheuoid.  By  the  coalescence  of  these  iu 
front,  and  their  ultimate  union  with  the  basi- 
splicuuid  behind,  a  cartilaginous  interval  is 
enclosed,  of  triangular  shape,  which,  however, 

becomes    gradually    reduced    in    size    by    the  f'o.  S7.— OssmcATios  ok  Sphenoid. 

ingrowth   of    its  margins    so   as  to  form   two   u.Pre-epbeu 
meaially  -  placed    foramina,    as    may   be    fre-       d,  Interu 
quently  observed  in  yoiuig  bones — one  open- 
in;.'  on  the  surface  of  the  olivary  eminence,  the  other  being  placed  anteriorly.     (Lawrence, 
'*  Proc.  Soc.  Anat.,"  Jcnirn.  Anat.  and  Physiol,  vol.  xxviii.  p.  19.) 

As  hasbeenseen.theinternalpterygoidplatesaredevelopedinmembraneandare  the  first 
parts  of  the  sphenoid  to  ossify.  (Fawcett,  AnaL  Am.,  vol.  xxvi.  Id05,p.280.)  Kach  is  derived 
from  a  single  nucleus  which  appears  about  the  ninth  or  tenth  week,  and  fuses  with  the  under 
surface  of  the  great  wing,  thero  forming  a  groove  which  is  converted  into  the  Vidian  canal 
when  the  alisphenoid  and  internal  pterygoid  plates  fuse  later  with  the  body  of  the  }iost- 
spheooid.  The  hamtilar  process,  however,  chondrifies  before  it  ossifies  during  the  third 
month.     Fawcett  also  regards  the  external  pterygoid  plate  as  of  membranous  origin. 

At  birth  the  sphenoid  consists  of  three  parts  :  one  comprising  the  orbito-sphenuids 
tutfcther  with  ttie  body  of  the  pre-spheuoid  and  the  basi-splieuoid,  the  others  consisting  of 
the  alispheuoids,  one  on  either  side.  Fusion  of  the  latter  with  the  former  occurs  near  the 
tuil  of  the  first  year.  The  dorsum  sella  at  birth  consists  of  a  cartilaginous  plate  whicli 
s>.-pHnitc8  the  body  of  the  post-sphenoid  from  the  ba  si -occipital.  This  slowly  ossifies,  but 
the  cartilage  does  not  entirely  disappear  till  the  age  of  tweiity-five,by  which  time  bony  anky- 
losis of  the  basi-cranial  axis  is  complete.     Fora  considemble  time  the  under  surface  of  the 
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body  of  the  pre-spbeuoid  displajs  a  bullate  appearance,  witli  the  sides  of  which  the 
sphenoidal  turbinated  bones  articulate.  It  is  only  after  the  seventh  or  eighth  year  i> 
reached  that  the  cancellous  tissue  within  this  part  of  the  bone  becomes  ahsorbed  t/»  forui 
the  sphenoidal  sinuses. 

Tlie  sphenoidal  turbioals  (conchw  sphenoidales),  or  bones  of  Bertiii,  best  studied  in 
childhood,  are  formed  by  the  fusion  of  four  distinct  ossicles  (Cleknd),  the  centres  fur 
which  appear  in  the  later  months  of  uteragestation.  Each  bone  consists  of  a  hollow,  threi.-- 
sided  pytumid,  the  apex  of  which  is  in  contact  with  the  fore  part  of  the  vaginal  process  of 
the  ititcmal  pterygoid,  whilst  the  base  fits  on  to  the  posterior  surface  of  the  lateral  mass 
of  the  ethmoid.  The  inferurr  mr/ace  of  each  forma  the  roof  of  the  corresponding  nasal 
fossa,  and  completes  the  formation  of  the  spheno- palatine  foramen,  whilst  the  external 
aspect  is  united  with  the  palate  bone  and  forma  the  inner  wall  of  the  spheno-masillnrv 
fossa,  and  occiisionally  constitutes  a  part  of  the  orbital  wall  posterior  to  the  os  planum  of 
the  ethmoid.  The  suptrwr  aurfuce  of  the  sphenoidal  turbiuat  is  applied  to  the  fore  awl 
under  surface  of  the  body  of  tlie  pre-sphenoid  on  either  side  of  the  rostrum.  It  is  by  tin- 
absorption  of  this  wall  that  the  sphenoidal  sinuses  are  ultimately  ojwned  up.  The  Iiase 
of  the  pyramid  forms  the  apertiire  throujih  which  each  of  these  sinuses  opens  into  tlip 
nasal  fosste  in  the  adult.  Uwing  to  their  tirm  ankylosis  with  the  surrounding  bones,  iIu'm' 
ossicles  are  merely  represented  in  the  adult  disarticulated  skull  by  the  irregular  fragments 
adherent  to  the  separated  borders  of  the  ethmoid,  palate,  and  sphenoid  bones. 

The  Ethmoid  Bone, 

The  ethmoid  bone  (o:s  ethmoidale)  lies  in  trout  of  the  8pheiioid,  and  occupies 
the  interval  between  the  orbital  plates  of  the  frontal,  thus  entering  into  the  foriiM- 
tion  of  the  anterior  cranial  fossa  as  well  as  the  inner  walk  of  the  orbita  and  the 
i-oof  and  inner  and  outer  walls  of  the  nasal  fossie.  The  bone,  which  ia  extremt-ly 
light,  consists  of  two  cellular  jiarts — the  lateral  masses,  which  are  united  aiiperiorlv 
to  a  mesial  Tertical  plat«  by  a  thin  horia()nt4il  lamina  which,  from  its  perforattii 
condition,  is  called  the  cribiifoTm  plate. 

The  study  of  this  bone  will  he  much  facilitated  by  cutting  tlirorigh  the  cribriform 
plate  on  one  side  of  the  I'ertical  plate,  thus  removing  the  lateral  mass  of  one  side  and 
exposing  more  fully  the  central  perpendicular  lamina. 

The  vertical  plate  (lamina  [wrpendicularis),  of  irregular  jsjutagonal  shape,  forms 
the  upper  part  of  the  nasal  septum.     Its  superior  border  projects  above  the  level  o( 
the  cribriform  plate  so  as  to  form  a 
"  """^^  '^"'" "'"  crest,  which   is  much  elevated  an- 

teriorly, where   it  terminates   in  ;i 
bulhite  process  called  the  crista  galli, 
the  upper  edge  of  which  is  sliaip  and 
pointed,  and  affords  attachment  lu 
i>gpiii>um     ^^^  '"*'''  cerebri.      In  front  of  lliis 
process    there    is   a    groove   which 
st^iMirates   the  alar    processee    (pro- 
cessus alares)  which  project  from  the 
crista  galli  on  either  side.      By  .n- 
ijiwcins,      ticulatiOQ  with  the  frontal  hoDC  this 
■thnwtdiii''   groove   is  con\'erted   into   a  caual. 
■•"•  the    foramen  cacum;    this,  however. 

mts  is  not  always  blind,  but  frequently 

""  transmits  a  vein  to  the  roof  of  tlii' 

,„„..,  nose.     The  pnsterior  margin  of  tlif 

Fl.^  P8.— ETUMom  AS  «EBN  iuou  BiiHCM).  vsrtical  plate  is  thin,  and  articulflle,-= 

with  the  crest  of  the  aphennid. 
The  posterior  inferior  horder  in  the  adult  is  ankylosed  with  the  vomer;  and 
the  fuUerior  inferior  edge,  which  ia  usually  thicker  than  the  others,  unites  with 
the  cartilaginous  nasal  septum.  The  anterior  superitir  border  articulates  with  the 
nasal  spine  of  the  frontal  bone  and  with  the  median  crest  formed  by  the  unioii  ot 
the  two  nasal  bones.  The  vertical  plate,  which  is  usually  deflected  to  one  or  utlier 
side,  has  generally  smooth  surfaces,  except  above,  where  they  are  channelled  faj 
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short  and  ehallow  groovee  leading  to  the  foramina  which  pierce  the  cribriform  plate ; 
these  are  for  the  lodgment  of  the  olfactory  nerves. 

The  lateral  mass  or  labyrinth  (labyrinthus)  is  composed  of  papery  bone, 
enclosing  a  large  number  of  air-cells;  these  are  arranged  in  three  groups — an 
anterior,  a  middle,  and 

a  posterior,  the  walls  of  cn.»^m 

which  have  been  broken 
in  front,  above,  behind, 
and  below,  in  the  pro- 
cess   of    disarticulation. 

Kxternally     they      are  lum 

closed  in  by  a  thin,  ob-  ^g^^^ 
long  lamina,  the  orbital 
plate  or  ob  planimi 
(lamina  papyracea), 
which  forms  a  part  of  iimiij< 
the  inner  wall  of  the 
orbit,  and  articulates 
above   with   the   orbital 

plate     of     the     frontal,  Pta.  99.— BiHMniD  ab  sken  from  thb  Rmar  Side. 

which  here  roofs  in  the 

ethmoidal  cells.  The  line  of  this  suture  is  pierced  by  two  canals,  the  anterior  and 
posterior  etlmioidal  canals,  both  of  which  transmit  small  ethmoidal  vessels,  whilst 
the  anterior  also  gives  passage  to  the  nasal  nerve.  In  front  the  os  planum  articu- 
lates with  the  lachrymal  bone ;  whilst  below,  by  its  union  with  the  orbital  surface 
of  the  superior  maxillary  bone,  the  air-sinuses  in  both  situations  are  completed. 
Posteriorly  the  os  planum  articulates  with  the  sphenoid,  and  at  its  posterior 
inferior  angle  for  a  variable  distance  with  the  orbital  process  of  the  palate  bone, 
both  of  which  serve  to  close  in  the  air-cells.  The  mesial  aspect  of  the  lateral  mass 
displays  the  convoluted  turbinated  processes,  usually  two  in  number,  though 
occasionally  there  may  be  three — r.irely  more.  In  cases  where  there  are  two 
ethmo-torbinals  they  are  separated  posteriorly  by  a  deep  groove,  A  channel  is 
thus  fonned  in  the  back  part  of  the  lateral  and  upper  aspect  of  the  nasal  fossae, 
called  the  superior  meatns,  which  is  roofed  in  by  the  superior  turbinated  process 
(concha  superior),  whilst  its  floor  is  formed  by  the  upper  surface  of  the  middle 
turbinated  process  (concha  media).  The  posterior  ethmoidal  cells  open  into  this 
meatus.     In  front  of  the  superior  meatus, 

Crlbnrond      Ant«nor  ethmoidal        i_.i_  *  .1  .-         *     \f      ^ 

« ,„  piita         grooo  which  only  grooves  the  postenor  half  of 

this  aspect  of  the  bone,  the  surface  is 
rounded  from  above  downwards  and  before 
backwards,  and  forma  the  inner  wall  of 
the  anterior  and  middle  ethmoidal  cells. 
Running  obliquely  from  above  downwards 
and  backwards  over  the  mesial  surface  of 
the  superior  concha,  are  a  number  of  fine 
ti  grooves  continuous  above  with  the  fora- 

mina iu  the  cribriform  plate ;   these  are 
fewer  and  more  scattered  in  Iront,  do  not 

F.«.  100. -SECTION  .Hown.«  Nasal  A5P«^  o.^     P"'^  ?"  ^'^  ^^^  ™*^<*'e  '^™^'>*'  ^""^  "^  ^r 
LEM  Lateral  Mass  of  Ethmoid.  the  oltuctory  nerves. 

The  middle  turbinated  procees  (concha 
media)  is  nearly  twice  the  length  of  the  superior.  Its  anterior  extremity  is  united 
for  a  short  distance  to  the  superior  turbinated  crest  on  the  inner  side  of  the 
frontal  process  of  the  superior  maxilla.  By  its  thickened,  free  convoluted  border 
it  overhangs  a  deep  groove  which  runs  along  the  under  surface  of  the  lateral  mass. 
This  is  the  middle  meatus  of  the  nose.  It  receives  the  openings  of  the  middle 
ethmoidal  cells  and  a  passage  which  runs  upwards  and  forwards  from  it,  the 
infondibulnm.  This  communicates  with  the  anterior  ethmoidal  cells  and  the 
frontal  sinus.  The  outer  side  of  the  middle  meatus  is  formed  by  the  thin  inner 
10 
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walla  of  the  ethmoidal  cells.  Curving  downwarde,  backwards,  and  a  little  out- 
wards from  the  roof  of  the  fore-part  of  this  meatus  is  the  uncinate  vrocess  (pro- 
cessus iinciuatus).    This  bridges  across  the  irregular  opening  on  the  inner  wall  of 

the  maxillary  sinus,  and  articu- 
cri.uwiii  lates   inferiorly  with    the   eth- 

moidal process  of   the   inferior 
turbinated   bone.      The    hinder 
"  extremity  of  the  middle  turbin- 

ated bone  articulates  with  tlie 
ethmoidal  crest  on  the  vertical 
plate  of  palate  bone, 
peju^icu-         Thecribrifoniiplate(Iamina 
criLrosa)     is      the      horizontal 
lamina     which     connects     the 
lateral  masses  with  the  vertical 
i)r.«*M     plate,  much  in  the  same  manner 
as  the  cross  limb  of  a  capitiil  T 
tnri  iiprocesi  is   arranged.      It   occupies   tlie 

interval    between     the     orbital 
plates     of    the     frontal     bone, 
roofing  in   the  nasal  fossa?  in- 
■tdd  boue  feriorly,  and  superiorly  forminf; 
on  either  aide  of  the  crista  iralli 
Pio.  iO].-8aowiN,i  ABticDLATioM  Of  iNPEHmK  TiHBiNATKD    ""WO  shallow  olfictory  gTooveB  in 
Bone  with  Ethkoid.  which,  ia  the  recent  condition, 

the  olfactory  loliea  of  the  cere- 
brum are  lodged.  Numerous  foramina  for  the  transmission  of  the  olfactory  nerves 
pierce  this  part  of  the  bone ;  tlioae  to  the  inner  and  outer  sides  of  the  groove 
are  the  largest  and   most   regular   in   their  v    <  i  i 

arrangement.     Along  the  outer  edges  of  the  •noi  pste 

cribriform  plate  two  notches  can  usually  be  „ 

distinguished;    when    articulated    with    the 

frontal  bone  these  form  the  inner  openings  of  »f  ■■•"i  "f"' 

the  ethmoidal  canals.     Leading  forward  from 

the  anterior  of  these  there  is  often  a  groove  nUbuiinii 

which  crosses  to  the  side  of  the  crista  galli, 

where  it  ends  in  a  slit  which  allows  of  the  roii. 

transmission  of  the  nasal  nerve  to  the  nose. 
Posteriorly  the  cribriform  plate  articulates 
with  the  ethmoidal  spine  of  the  sphenoid.  ^""'I''"' 

Conneziona. — TIiu  I'tliuioid  artimilateit  witli  the 
sphenoid  and  aphenoida.!  turliinals,  the  frontal,  the 

two   naaals,  two  superior  tnaxilliF,  two  laohrj'iDals,  "■  T'l"""" 

two  iiirerior  turbinals,  two  palates,  and  the  vomer. 

Variations. — The  sine  of  llie  os  planum  is  liable 
to  considerable  variations.  In  the  lower  races  it  tends 
to  be  Darrower  from  above  downwards  than  in  the 

higher,  in  this  respect  rei<einbling  the  eondition  met  Kui.  102.~Ethmoid  as  scen  froh  Abuvu. 
with  in  the  anthropoids.    The  os  planum  may  fail  to 

articulate  with  the  lachrymal  owing  to  the  union  of  the  frontal  with  the  orbital  process  of  Ihf 
superior  maxilla  in  front  of  it  (Orbilo-maxillary  frontal  suture.  A.  Thomson,  Joum.  Anal, 
and  Phyntil.  vol.  jxiv.  p.  349.)  Division  of  the  os  planum  by  a  vertical  suture  into  an  anterior 
and  posterior  part  baa  been  frequently  recorded.  Tile  nuniWr  of  the  turbinals  may  be  increas^i 
from  two  to  lour,  or  may  be  reduced  to  one.  (Report  of  Committee  of  Collect  Invest,  Jaum. 
Anat.  and  PhytioL,  vol.  xxviii.  p.  74.) 

Ossification  takes  place  in  the  eartilage  of  the  nasal  capsule.  Kath  lateral  imiss  has 
one  ccutre,  which  ap]>earn  about  the  fourth  or  fifth  month  in  the  neighbourhood  of  the 
vs  planum.  From  this  the  lamiittc  around  the  ethmoidal  uir  cells  are  formed  which  arc 
complete  at  birth,  the  air-sinuses  in  this  instance  not  bein^;  fonued  by  the  absorptioii 
of  cancellouH  bone.  From  these  tentrcH  the  turbinala  are  also  developed,  and  these,  too. 
are  ossified  at  the  ninth  month. 
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At  birth  the  ossified  lateral  masses  are  united  to  the  central  cartilaginous  plate  by  a 
fibrous  layer.  Two  centres  make  their  appearance  in  the  mesial  cartilage  on  either  side 
of  the  root  of  the  crista  galli  about  the  end  of  the  first  year ;  from  these,  the  crista  galli 
and  the  vertical  plate  are  ossified  as  well  as  the  mesial  part  of  the  cribriform  plate,  the 
lateral  portions  of  which  are  derived  from  an  inward  extension  of  the  lateral  mass. 

Ossification  is  usually  complete  about  the  fifth  or  sixth  year.  About  the  twenty-fifth 
year  bony  union  has  taken  place  between  the  cribriform  plate  and  the  sphenoid,  but 
ankylosis  between  the  vertical  plate  and  the  vomer  is  not  usual  till  the  fortieth  or  forty- 
fifth  year. 

Wormian  Bones. 

Along  the  line  of  the  cranial  sutures  and  in  the  region  of  the  fontanelles,  isolated 
bones  of  irregular  form  and  variable  size  are  occasionally  met  with.  These  are  the 
so-called  Wormian  bones,  named  after  the  Danish  anatomist  Wormius.  They  are  also 
called  sutural  or  epactal  bones.  Their  presence  depends  on  the  fact  that  they  are  either 
developed  from  distinct  ossific  nuclei,  or  it  may  be  from  a  division  of  the  primary  ossific 
depo(»it.  Their  occurrence  may  also  be  associated  with  certain  pathological  conditions 
which  modify  the  development  of  the  bone.  They  usually  include  the  whole  thickness 
of  the  cranial  wall,  or  it  may  be  only  involve  the  outer  or  inner  tables  of  the  cranial 
bones.  They  are  most  frequent  in  the  region  of  the  lambda  and  the  lambdoid  suture. 
They  occur  commonly  about  the  pterion,  and  in  this  situation  are  called  epipteric  bones 
(Flower).  By  their  fusion  with  one  or  other  of  the  adjacent  bones  they  here  lead  to  the 
occurrence  of  a  fronto-squamosal  suture.  Their  presence  has  also  been  noted  along  the 
line  of  the  sagittal  suture,  and  sometimes  in  metopic  skulls  in  the  inter-frontal  suture. 
They  are  occasionally  met  with  at  the  asterion  and  more  rarely  at  the  obelion.  They 
appear  less  frequently  in  the  face,  but  their  presence  has  been  noted  around  the  lachrymal 
bone,  and  also  at  the  extremity  of  the  spheno-maxillary  fissure,  where  they  may  form  an 
independent  nodule  wedged  in  between  the  great  wing  of  the  sphenoid,  the  malar,  and 
the  superior  maxillary  bones. 

BONES  OF  THE  FACE. 

The  bones  of  the  face  (ossa  faciei),  fourteen  in  number,  comprise  two  superior 
maxillae,  two  palates,  two  malars,  two  lachrymals,  and  two  nasals,  together  with  the 
vomer  and  inferior  maxilla. 

Thk  Superior  Maxillary  Bones. 

The  superior  maxilte  (maxillje),  of  which  there  are  two,  unite  to  form  the 
upper  jaw.  Each  consists  of  a  body,  with  which  are  connected  four  projections, 
named  respectively  the  zygomatic,  frontal,  alveolar,  and  palatal  processeB. 

The  body  (corpus)  is  of  pyramidal  form,  and  contains  within  it  a  hollow  called 
the  antmm  or  maxillary  air-sinus.  It  has  four  surfaces — an  antero-external  or  facial, 
a  postero-external  or  zygomatic,  a  supero-external  or  orbital,  and  an  internal  or 
nasal.  The  antero-external  or  fkcial  suiface  (facies  anterior)  is  confluent  below  with 
the  alveolar  process.  Above,  it  is  separated  from  the  orbital  aspect  by  the 
infraorbital  margin  (margo  infraorbitals),  whilst  internally  it  is  limited  by  the  free 
margin  of  the  nasal  notch,  which  ends  below  in  the  pointed  anterior  nasal  spine 
(spina  nasaUs  anterior).  Posteriorly  it  is  separated  from  the  zygomatic  surface  by 
the  inferior  border  of  the  zygomatic  process.  The  facial  aspect  of  the  bone  is  ridged 
by  the  sockets  of  the  teeth  (juga  alveolaria).  The  ridge  corresponding  to  the  root 
of  the  canine  tooth  is  usually  the  most  pronounced ;  internal  to  this,  and  overlying 
the  roots  of  the  incisor  teeth,  is  the  shallow  incisive  or  msrrtiform  fossa,  whilst 
placed  externally,  on  a  higher  level,  is  the  deeper  canine  fossa,  the  floor  of  which 
is  formed  in  part  by  the  projecting  zygomatic  process.  Above  this,  and  near  the 
infraorbital  margin,  is  the  infraorbital  foramen,  the  external  opening  of  the 
infraorbital  canal,  which  transmits  the  infraorbital  nerve  and  artery.  The  postero- 
external or  zygomatic  surface  is  separated  above  from  the  orbital  aspect  by  a 
rounded  free  edge,  which  forms  the  anterior  margin  of  the  spheno-maxillary  fissure 
in  the  articulated  skull.  Inferiorly  and  in  front  it  is  separated  from  the  facial 
surface  by  the  zygomatic  process  and  its  free  lower  border.     Internally  it  is  limited 
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by  a  sharp,  irregular  margin  with  which  the  palate  bone  articulates.     This  aurface 
is  more  or  less  convex,  and  is  directed  towards  the  zygomatic  and  Bpheoo-maxillar; 
fossse.     It  is  pierced  in  a  downwurd  direction  by  the  apertures  of  the  posterior 
NM»iproce«  dental  canals  (foramina 

alveolaria),  two  or 
more  in  number,  which 
traoHmit  the  corre- 
sponding nerves  and 
vessels  to  the  miliar 
'"  teeth.     Its  lower  pari, 

slightly    more    promi- 
nent where  it  overhangs 
J  the  root  of  the  wisdom 

molar,  is   often    called 
the    tnberoBitr     (tuber 
"i^^^    maxillare).  Thesupero- 
external  or  orbital  snr- 
"■      face  (planum  orbitalej, 
j^^^  smooth   and    plane,  is 
triangular  in  shape  and 
'       forma  part  of  the  floor 
of  the  orbit.     Its  an- 
terior edge  corresponda 
to      the      infraorbital 
margin ;    its    posterior 
Fm.J03.-RwHT8pPBR.oRMA:(iLL*  (Outer  Viewf.  H'"'^^'    coincides    with 

the  anterior  bouodarj 
of  the  spheno  maxillary  fissure.  Its  thin  inner  edge,  which  may  be  regarded  as  tlie 
base  of  the  triangle,  is  notched  in  front  to  form  the  ladirTmal  groove  (suk-us  lacri- 
malis),  behind  which  it  articulates  with  the  lachrymal  bone  for  a  short  distance, 
then  for  a  greater  length 

with  the  OS  planum  of  the  '*'■*'  p™™ 

ethmoid,  and  terminates 
posteriorly  in  a   surface 
for  articulation  with  the 
orbital    process    of    the    ^^ 
palate    bone.      Its    ex- 
ternal angle  corresponds 
to  the  outspring  of  the      m 
zygomatic  process.    Tra- 
versing its  substance  is  A«tn™ 
the  infraorbital  canal,  the 
anterior  opening  of  which 

has  been  already  noticed        '  S!wi3' 

on  the  facial  aspect  of  the     *"'  trwn 

body.     Behind,  however,  euhhm 

owing  to  deficiency  of  its  i™*" 

roof,  the  canal  forms  a        ^ 

groove    which    lips    the  fj^tM 

edge  of  the  bone  which 
constitutes  the  anterior 
boundary  of  the  spheno- 
maxillary Assure.    If  this 

canal  be  laid  open,  the  vtuiamt 

orifices  of  the  middle  and  Pi".  104.— Rinar  Supehior  Maxilla  (louer  A»p«t). 

anterior    dental    canals 

will  be  seen,  which  transmit  the  corresponding  vessels  and  nerv'es  to  the  bicuspid 
and  incisor  teeth.  The  tnner  or  nasal  snrfoce  (facies  nasalis)  of  the  body  is 
directed  inwards  towards  the  nasal  fossae.     Below  it  is  confluent  with  the  upper 
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surface  of  the  palatal  process ;  in  front  it  is  limited  by  the  sharp  edge  of  the 
nasal  notch ;  above  and  in  front  it  is  continuous  with  the  inner  surface  of  the 
frontal  process ;  behind  this  it  is  deeply  channelled  by  the  lachrymal  groove,  which 
is  converted  into  a  canal  by  articulation  with  the  lachrymal  and  inferior  turbinated 
bones.  The  channel  so  formed  conveys  the  nasal  duct  from  the  orbital  cavity 
above  to  the  inferior  nasal  meatus  below.  Behind  this  groove  the  upper  edge  of 
this  area  corresponds  to  the  inner  margin  of  the  orbital  surface,  eaxd  articulates 
from  before  backwards  with  the  lachrymal,  os  planum  of  the  ethmoid,  and  the 
orbital  process  of  the  palate  bone.  The  posterior  border,  rough  for  articulation 
with  the  palate  bone,  is  traversed  obliquely  from  above  downwards  and  slightly 
inwards  by  a  groove,  which,  by  articulation  with  the  palate  bone,  is  converted  into 
the  posterior  palatine  or  palato-mazillary  canal  which  transmits  the  descending  pala- 
tine artery  and  great  palatine  nerve.  Towards  its  upper  and  hinder  part  the  nasal 
surface  of  the  body  displays  the  irregular,  more  or  less  triangular,  opening  of  the 
aAtnun  (sinus  maxillaris).  This  aperture,  which,  in  the  articulated  skull  opens 
into  the  middle  meatus  of  the  nose,  is  much  reduced  in  size  by  articulation  with 
the  lachrymal,  ethmoid,  palate,  and  inferior  turbinal  bonea  In  front  of  the 
lachrymal  groove  the  inner  surface  is  ridged  horizontally  by  the  inferior  turbinated 
crest  (crista  conchalis),  to  which  the  inferior  turbinated  bone  is  attached.  Below 
this  the  bone  forms  the  outer  wall  of  the  inferior  nasal  meatus,  receiving  the 
termination  of  the  lachrymal  groove.  Above,  and  for  some  little  distance  also  on 
the  inner  side  of  the  frontal  process,  it  constitutes  the  smooth  outer  wall  of  the 
atrium  of  the  middle  meatus. 

The  ssygomatio  or  malar  process  (processus  zygomaticus),  which  is  placed  on 
the  outer  surface  of  the  body,  is  confluent  anteriorly  with  the  facial  surface  of  the 
body ;  posteriorly,  where  it  is  concave  from  side  to  side,  with  the  zygomatic  surface ; 
whilst  superiorly,  where  it  is  rough  and  articular,  it  forms  the  apex  of  the  triangular 
orbital  plate,  and  supports  the  malar  bone.  Inferiorly,  its  anterior  and  posterior 
surfaces  meet  to  form  an  arched  border,  which  fuses  with  the  alveolar  process 
opposite  the  root  of  the  first  molar  tooth,  and  serves  to  separate  the  facial  from  the 
zygomatic  aspects  of  the  body. 

The  frontal  or  nasal  process  (processus  frontalis)  rises  from  the  upper  and 
fore-part  of  the  body.  It  has  two  surfaces — one  external,  the  other  internal.  The 
external  is  divided  into  two  by  a  vertical  ridge  (crista  lachrymalis  anterior),  which 
is  the  upwaM  extension  of  the  infraorbital  margin.  The  narrow  strip  of  bone 
behind  this  ridge  is  hollowed  out,  and  leads  into  the  lachrymal  groove  below. 
Posteriorly  the  edge  of  the  frontal  process  here  articulates  with  the  lachrymal,  and 
so  forms  the  fossa  for  the  lodgment  of  the  lachrymal  sac  (fossa  sacci  lacrimalis). 
In  front  of  the  vertical  crest,  to  which  the  tendo  oculi  is  attached,  the  external 
surface  is  confluent  below  with  the  facial  aspect  of  the  body,  and  forms  the  side  of 
the  root  of  the  nose.  Its  anterior  edge  is  rough,  or  grooved,  for  articulation  with 
the  nasal  bone.  Superiorly  the  summit  of  the  process  is  serrated  for  articulation 
with  the  nasal  notch  of  the  frontal  bone.  The  inner  surface  of  the  nasal  process  is 
directed  towards  the  nasal  fossae.  It  is  crossed  obliquely  from  below  upwards  and 
backwards  by  a  ridge — the  agger  nasi  or  snperior  turbinated  crest  (crista  ethmoidalis). 
Helow  this  the  bone  is  smooth  and  forms  the  upper  part  of  the  atrium,  whilst  the 
ridge  itself  articulates  posteriorly  with  the  fore-part  of  the  middle  turbinated  bone, 
formed  by  the  inferior  turbinated  process  of  the  ethmoid  bone. 

The  alveolar  process  (processus  alveolaris)  projects  from  the  under  surface  of 
the  body  of  the  bone  below  the  level  of  the  palatal  process.  Uf  curved  form,  it 
completes,  with  its  fellow  of  the  opposite  side,  the  alveolar  arch,  in  which  are 
embedded  in  sockets  or  alveoli  the  roots  of  the  teeth  of  the  upper  jaw ;  ordinarily 
in  the  adult,  when  dentition  is  complete,  each  alveolar  process  supports  eight  teeth. 
Piercing  the  inner  surface  of  the  alveolar  border  behind  the  incisor  teeth  two 
small  vascular  foramina  are  usually  visible.  When  any  or  all  the  teeth  are  shed 
the  alveoli  become  absorbed,  and  the  process  may  under  these  circumstances  be 
reduced  to  the  level  of  the  plane  of  the  palatal  process.  Posteriorly  the  alveolar 
process  ends  below  the  tuberosity  of  the  body ;  anteriorly  it  shares  in  the  formation 
of  the  intermaxillary  sntture. 
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The  palatal  prooess  (processus  palatums),  of  the  form  of  a  quadrant,  lies  in  the 
horizontal  plane;  it  has  two  surfaces — upper  and  under — ^and  three  borders,  a  straight 
internal,  a  more  or  less  straight  posterior,  and  a  curved  external,  by  which  latter 
it  is  attached  to  the  inner  side  of  the  body  and  alveolar  prooess  as  far  back  as  the 
interval  between  the  second  and  third  molar  teeth.  Its  under  surfojce,  together 
with  that  of  its  fellow,  forms  the  anterior  three- fourths  of  the  vaulted  hard  palate; 
it  is  rough  and  pitted  for  the  glands  of  the  mucous  membrane  of  the  roof  of  the 
mouth,  and  is  grooved  on  either  side  near  the  alveolar  margin  by  a  channel  which 
passes  forward  from  the  posterior  palatine  canal  and  transmits  the  great  palatine 
nerve  and  descending  palatine  artery.  Its  superior  swrface,  smooth  and  concave 
from  side  to  side,  forms  the  floor  of  the  corresponding  nasal  fossa.  Its  internal  or 
mesial  border,  broad  and  serrated,  rises  in  a  ridge  superiorly,  so  as  to  form  with  its 
fellow  of  the  opposite  side  the  nasal  crest  (crista  nasalis),  which  is  grooved  superiorly 
to  receive  the  lower  border  of  the  vomer.  In  front  of  its  articulation  with  the 
vomer  this  ridge  rises  somewhat  higher,  being  named  the  incisor  crest,  anterior  to 
which  it  projects  beyond  the  free  border  of  the  nasal  notch,  and  together  with  its 
fellow  forms  the  pointed  projection  called  the  anterior  nasal  spine  (spina  nasalis 
anterior).  These  parts  support  the  septal  cartilage  of  the  nose.  Immediately  to 
the  outer  side  of  the  incisor  crest  the  superior  surface  of  the  palatal  process  is 
pierced  by  a  foramen  which  leads  downwards,  forward,  and  a  little  inwards,  to  open 
into  a  broad  groove  on  the  mesial  border  of  the  bone  immediately  behind  the 
central  incisor  tooth.  When  the  two  maxUlse  are  articulated,  the  two  grooves 
form  the  oval  anterior  palatine  canal  or  fossa,  into  which  the  two  aforementioned 
foramina  open  like  the  limbs  of  a  Y ;  these  are  called  the  incisor  foramina,  or  the 
foramina  of  Stensen,  and  contain  the  remains  of  the  organs  of  Jacobson.  In  front 
and  behind  these,  and  lying  within  the  fossa  and  in  the  line  of  the  suture,  are  the 
smaller  foramina  of  Scarpa,  which  transmit  the  naso-palatine  nerves,  the  right  nerve 
usually  passing  through  the  posterior  foramen,  the  left  through  the  anterior.  The 
posterior  border  ot*  the  palatal  process,  which  is  sharp  and  thin,  falls  in  line  with 
the  interval  between  the  second  and  third  molar,  and  articulates  with  the  horizontal 
plate  of  the  palate  bone. 

The  maxillary  sinus  or  antrum  of  Highmore  (sinus  maxillaris)  lies  within  the 
body  of  the  bone,  and  is  of  corresponding  pyramidal  form,  its  base  being  directed 
towards  the  nasal  fossa,  with  the  middle  meatus  of  which  it  communicates,  its 
summit  extending  outwards  into  the  root  of  the  zygomatic  process.  It  is  closed 
in  externally  and  above  by  the  thin  walls  which  form  the  facial,  zygomatic,  and 
orbital  surfaces  of  the  body.  Inferiorly  it  overlies  the  alveolar  process  in  which 
the  molar  teeth  are  implanted,  the  sockets  of  which  are  separated  from  it  by  a  thin 
layer  of  bone. 

Advantage  is  taken  of  this  circumstance  to  pierce  the  floor  of  the  antrum  in  such  conditions 
as  necessitate  its  thorough  drainage,  as  its  natural  outlet  into  the  middle  meatus  is  of  the  nature 
of  an  overflow  aperture,  and  so  prevents  purulent  fluids,  which  may  here  accumulate,  from  being 
readily  discharged. 

The  angles  and  corners  of  this  cavity  are  frequently  groined  by  narrow  ridges 
of  bone,  one  superiorly  corresponds  to  the  relief  formed  by  the  infraorbital  canal. 
A  vascular  and  nervous  groove  is  often  exposed,  curving  along  the  floor  of  the 
antrum  just  above  the  alveoli  of  the  teeth.  The  interior  of  the  cavity  is  lined  by 
an  extension  from  the  mucous  membrane  of  the  nose. 

OonnexionB. — The  superior  maxillary  bone  articulates  with  the  nasal,  frontal,  lachrymal, 
and  ethmoid  bones  above,  externally  with  the  malar,  and  occasionally  with  the  sphenoid, 
posteriorly  and  internally  with  the  palate,  whilst  on  its  inner  side  it  unites  with  its  fellow  of 
the  opposite  side,  and  also  supports  tue  inferior  turbinated  bone  and  the  vomer. 

Architecture.  -The  disposition  of  the  maxillary  sinus  within  the  body  of  the  lx)ne  has  been 
already  referred  to.  In  union  with  its  fellow,  the  vaulted  arrangement  of  the  hard  palate  is  well 
displayed,  and  the  arched  arrangement  of  the  superior  alveolar  processes  is  obvious.  It  is  ii^ 
these  latter  processes  around  the  sockets  for  the  reception  of  the  teeth  that  the  cancellous  tissue 
of  the  bone  is  seen ;  elsewhere  its  walls  are  formed  by  thin  and  dense  bone. 

Variations. — Not  unfrec^uently  there  is  a  suture  running  vertically  through  the  bar  of  bone 
which  separates  the  infraorbital  foramen  from  the  infraorbital  margin.  Through  imperfections 
in  ossification  the  infraorbital  canal  may  form  an  open  groove  along  the  floor  of  the  orbit 
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Ossification. — The  superior  maxilUe  are  developed  in  the  coiiiiectiTe  tissue  around 
the  oral  aperture  of  tbe  embryo.  The  centres  from  which  the  bone  ossifies  are  not 
preceded  by  a  oartili^iuous  stage.  Their  number  is  uncertain,  as  early  fusion  occurs 
between  them.  They  first  make  their  appearance  iu  the  second  month  of  intrauterine 
life,  shortly  afUr  the  clavicle  has  begun  to  ossify.  By  the  sixth  month  they  are  so  united 
that  their  independent  character  is  obscured.  Five  centres  are  described — an  external  or 
miliar,  which  forms  tlic  bone  to  the  outer  side  of  the  infraorbital  canal ;  an  iniur  or 
•jrUto-nami,  from  which  is  developed  the  iimer  part  of  the  floor  of  the  orbit,  the  frontal 
lirocesB,  and  the  wall  of  the  antrum ;  a  palatine,  for  the  posterior  three-fourths  of  the 
palatal  process ;  a  niwil,  situated  between  the  frontal  process  and  the  canine  tooth  ;  and 
within  this  and  nearer  the  middle  line  and  below,  an  iruUive  centre,  from  which  the  pre- 
tuaiillie  are  developed,  thus  forming  the  anterior  fourth  of  tbe  palatal  process  in  the 
adult.  In  the  early  stages  of  the  development  of  the  bone  the  alveolar  groove,  in  which 
the  teeth  are  developed,  lies  close  below  the  infraorbital  groove,  and  it  is  not  till  later 
tluit    they   become   separated    by    the   growth    of    the  „ 

antrum,  which  first  makes  its  appearance  as  a  shallow 
fossa  to  tbe  inner  side  of  the  orbito-uasal  element  about 
the  fourth  month.  In  the  adult  bone  the  course  of  the 
infraorbital  canal  and  foramen  indicates  the  line  of  fusion 
of  tbe  orbito-uasal  and  malar  elements,  whilst  the  position 
of  the  anterior  palatine  canal  serves  to  deterniine  the  line 
of  union  of  the  incisive  with  the  palatal  elements.  In 
addition  to  the  foregoing  centres,  Rambaud  and  Renault 
describe  another  which,  together  with  ite  fellow,  is  wedged 
ill  between  the  incisive  and  the  palatal  elementfi  beneath 
the  Tomer,  thus  explaining  the  Y-shaped  arrangement  of 
the  foramina  of  Stensen,  which  open  into  the  anterior 
palatine  canal. 

Tbe  pnmaziUa,  which  in  most  vertebrates  are  in- 
dependent boues  lying  in  front  of  the  superior  niaxillfe, 
coustitute  in  man  and  apes  the  portions  of  the  upper 
j»w  which  lie  in  front  of  the  anterior  palatine  foramen, 
and  support  the  superior  incisor  teeth.  They  are  de- 
veloped from  the  Jucisive  centres  above  described;  the 
line  of  fusion  of  these  elements  with  the  maxillte  proper 
can  readily  be  seen  in  youug  skulls,  and  occasionally 
also  in  the  adult.  It  corresponds  to  a  suture  which 
paaaea  on  the  palate  obliquely  outwards  and  forwards, 
from  the  anterior  palatine  forameu  to  the  interval 
between  the  lateral  incisor  and  the  canine  tooth.  In 
cases  of  alveolar  cleft  palate  the  adjacent  bones  fail  to 
unite  along  the  line  of  the  suture.  In  some  instances, 
however,  the  cleft  passes  outwards  between  the  central 
and  latcrsl  incisor  t«eth,  and  this  condition  suggests  the 
eiplauatiou  that  the  prenianillary  element  is  derived 
from  two  centres — a  lateral  and  a  mesial.  The  researches 
of    Albrecht   and  Warinski   have   confirmed   this  view.       p™™"- 

The  latter  anatomist  further  observes  that  the  lateral  cleavage  may  lead  to  a  division  of  the 
dental  germ  of  the  lateral  incisor  tooth,  aud  so  explain  the  occurrence  of  the  supernumer- 
ary incisor  which  is  occasionally  met  with.  In  this  way  the  dilTerent  varieties  of  cleft 
jialate  are  readily  explained  ;  mesial  cleft  palate  being  due  to  failure  of  union  between  the 
two  premaiillary  bones.  Lateral  cleft  palate  may  be  of  two  types :  the  cleft  in  one  case 
passing  forward  between  the  central  and  lateral  incisor,  aud  being  due  to  the  non-union 
of  the  two  elements  from  which  the  premaxilla  is  primarily  develo])ed ;  the  other,  in 
which  the  cleft  passes  between  the  lateral  incisor  and  the  canine,  or  between  tbe  lateral 
incisor  aud  a  supenmmerary  incisor,  owing  to  tbe  imperfect  fusion  of  the  preinaxilla 
lat«rallv  with  the  maxilla. 


FiQ.  105.— OssincATioM  OF  SuriRioa 
Maxilla. 

A,  Outer  side;  B,  Inner  .side;  C, 
Under  aide,  a,  Usual  priMseia ;  b. 
Orbital  pl&te ;  c.  Anterior  uani 
aplue ;  d,  IdfraorbiUl  groove ;  C 
liifraorliital  foramun  ;  /,  AiilerioT 
(lalatine  groove ;  g,  PBlstal  prooew  ; 
k,  Pramaxillary  suturr ;    i,   Alveolar 


The  Malar  Bones. 

Tbe  malar  bone  (os  zygomaticum)  underlieB  the  most  promiaeDt  part  of  tbe 
cheek,  and  is  hence  often  oalled  the  cheek-bone.  Placed  to  the  outer  side  of  the 
orbital  cavity,  it  forms  the  sharp  external  border  of  that  hollow,  and  serves  to 


136  OSTEOLOGY. 

separate  that  space  from  the  temporal  and  zygomatic  fosaie  which  lie  behind; 
helow,  it  rests  upoD  and  is  united  to  the  superior  maxilla ;  behind,  it  eotere  into 
the  formation  of  the  zygomatic  arch  which  bridges  across  the  temporal  foaaa. 

As  viewed  from  the  outer  side,  the  bone  is  oonvez  from  side  to  side,  asd  has 
four  angles,  of  which  three  are  prominent.  These  are  the  aacending  or  bontal 
(processus  fronto-sphenoldalis),  the  anterior  or  pointed  extremity  of  the  maxillary 
border,  and  the  posterior  or  temporal  (processus  temporalis). 

The  moat  elevated  part  of  the  convex  outer  surftus  (focies  anterior)  forms  the 
malar  tuberosity.  The  processus  temporalis,  sometimes  called  the  zygomatic  process, 
ends  posteriorly  in  an  oblique  edge,  which  articulates  with  the  extremity  of  the 
zygomatic  process  of  the  temporal  bone.  The  ftontal,  the  most  prominent  of  iu 
processes,  is  united  superiorly  to  the  external  angular  process  of  the  frontal  bone. 
The  edge  between  the  frontal  and  temporal  processes  is  thin  and  sharp ;  it  aGTordB 
attachment  to  the  temporal  fascia,  and  near  its  upper  end  there  is  usually  a 
pronounced  angle  (processus  marginalis),  formed  by  a  sudden  change  in  the  direc- 
tion of  the  border  of  the  bone.  It  is  just  below  this  point  that  the  temporal 
branch  of  the  orbital  nerve  becomes  cutaneous.  The  lower  margin  of  the  temponl 
process  is  somewhat  thicker  and  rounded;  it  extends  downwards  and  forwards 
towards  the  inferior  angle,  where  the  bone  articulates  with  the  superior  maxilla, 


Fio,  106.— BiohtMalab  Bonb.     A,  Outer  Sid  a  ;  B,  Inner  Side. 

and  is  there  confluent  with  the  ridge  which  separates  the  facial  from  the  zygomatic 
aspect  of  the  upper  jaw.  This  edge  of  the  bone  is  sometimes  called  the  masseteric 
border,  since  it  afford  attachment  to  the  fibres  of  origin  of  the  masseter  muscle. 
Sweeping  do\vnwards  in  front  of  the  frontal  process  ia  a  curved  edge  which 
terminates  inferiorly  in  a  pointed  process.  This  border  forms  the  outer  and,  in 
part,  the  inferior  margin  of  the  orbital  cavity.  Between  the  anterior  extremity  of 
the  masseteric  edge  and  the  pointed  anterior  angle  there  is  aa  irregular  suture  by 
which  the  bone  is  joined  to  the  maxilla.  The  opening  of  the  malar  canal  (foraraea 
zygomatico-faciale)  is  seen  on  the  outer  surface  of  the  bone ;  its  size  and  position 
are  very  variable. 

The  Tnegial  aspect  of  the  bone  is  distinguished  by  a  curved  elevated  creat,  called 
the  orbital  process,  which  extends  inwards  and  backwards,  and  is  confluent 
externally  with  the  orbital  margin.  This  process  has  two  surfaces — one  anterior, 
which  forms  a  part  of  the  outer  and  lower  wall  of  the  orbit,  and  one  poeterior, 
which  is  directed  towards  the  temporal  fossa  above  and  the  zygomatic  fossa  below. 
The  free  edge  of  the  orbital  process  is  thin  and  serrated  ;  a  little  below  its  middle  it 
is  usually  interrupted  by  a  non-articular  noteh,  which  corresponds  to  the  anterior 
extremity  of  the  spheno-maxillary  fissure.  The  part  above  this  articulates  with  the 
great  wing  of  the  sphenoid,  the  portion  below  with  the  orbital  plate  of  the  superior 
maxilla.  Behind  the  orbital  process  the  inner  surface  of  the  bone  is  concave  from 
side  to  side,  and  extends  backwards  along  the  mesial  aspect  of  the  temporal  process 
and  upwards  over  the  posterior  half  of  the  inner  side  of  the  frontal  process,  thus 
entering   into  the   formation   of  the  zygomatic   and  temporal  fosste   respectively. 
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The  orbital  surface  of  the  orbital  process  usually  displays  the  openings  of  two 
caaala  (foramina  zygomatic -orbitalia) — one  which  traverses  the  bone  below  the 
orbital  margin  and  appears  on  the  front  of  the  bone  as  already  described,  the  other 
which  passes  obliquely  upwards  and  outwards  through  the  orbital  process  and 
appears  in  the  temporal  fossa,  to  the  inner  side  of  the  frontal  process  (foramen 
zygoma tico-temporale).  The  former  transmits  the  ramus  subcutaneous  malaj ;  the 
latter  the  temporal  branch  of  the  orbital  nerve. 

Below  the  orbital  process  there  is  a  rough  triangular  area,  bounded  externally 
by  the  maxillary  border.  This  articulates  with  the  malar  process  of  the  superior 
maxilla,  and  occasionally  forms  the  outer  wall  of  the  antrum. 

Oonnezioxis. — The  malar  bone  articulates  with  the  frontal,  sphenoid,  superior  maxilla,  and 
temporal  bone& 

Architecture — In  structure  the  bone  is  compact,  with  little  cancellous  tissua  Together 
with  the  zygomatic  process  of  the  temporal  bone  it  forms  the  buttress  which  supports  the  superior 
maxilla  ana  the  outer  orbital  wall  externally.  Additional  strength  is  imparted  to  the  bone  by 
the  angular  mode  of  union  of  its  orbital  and  facial  parts. 

Variations. — Cases  of  division  of  the  malar  bone  by  a  horizontal  suture  have  been  recorded, 
as  well  as  instances  of  its  separation  into  two  parts  by  a  vertical  suture.  Owing  to  the  supposed 
more  frequent  occurrence  ofthis  divided  condition  in  Asiatics  the  malar  has  been  named  tne  os 
Japonicum.  Barclay  Smith  ("Proc  Anat  Soc.,"  Jour,  Anat  and  PhysioLy  April  1898,  p.  40) 
describes  a  case  in  which  the  malar  bone  was  divided  into  two  parts,  an  upper  and  lower,  by  a 
backward  extension  of  the  maxilla,  which  articidated  with  the  zygomatic  process  of  the  temporal, 
thus  forming  a  temporo-maxillary  arch.  Varieties  of  a  like  kind  have  also  been  described  by 
Oruber  and  others.  Cases  have  been  noted  where,  owing  to  deficiency  in  the  development  of  the 
malar,  the  continuity  of  the  zygomatic  arch  has  been  incomplete. 

Ossification. — The  malar  ossifies  in  membrane.  Its  basis  appears  about  the  tenth 
week  as  a  thin  ossifying  lamina  which  corresponds  to  the  orbital  margin,  attached  to 
which  there  is  a  backward  expansion  corresponding  to 
the  body  of  the  bone ;  from  this  posteriorly  there  extends 
the  element  of  the  temporal  process.     On  the  inner  side,  . 

and  above  the  angle  formed  by  the  orbital  and  temporal  ^"^pJIxj^nJKA      Orbital 

margins,  there  appears  a  secondary  thickening,  which  y^K^V^^"^*"' 

develops   into  a  cap-shaped   layer  which   fits  into   the     Temporal 
recess  and   ultimately  forms  the   surface   of  the  bone 

directed    to    the    temporal   fossa.      Below    the    orbital  ciub-ghaped  process 

margin   on   the  inner   side,    and    extending   backwards        j,,^  107.— Inner  Surface  of 
towards    the    temporal    process,    is    another   secondary  Malar  Bone  at  Birth. 

thickening  which  forms  a  club-shaped  nodule,  the  thick 

end  of  which  is  directed  forwards,  whilst  posteriorly  it  forms,  in  part,  the  lower  margin 
of  the  body  and  temporal  process.  The  overlap  of  these  several  parts  leads  to  the 
formation  of  grooves  which  may  persist  in  the  adult  as  sutures.  (Karl  Toldt,  junr., 
Sitzsbr.  des  Akad.  des  Wise.,  Wien.  July  1902.) 


The  Nasal  Bones. 

The  nasal  bones  (ossa  nasalia),  two  in  number,  lie  in  the  interval  between  the 
frontal  processes  of  the  superior  maxillae,  there  forming  the  root  or  bridge  of  the 
nose.  Each  bone  is  of  elongated  quadrangular  form,  having  two  surfaces — an 
inner  and  outer — and  four  borders.  The  external  sv/rface,  somewhat  constricted 
about  its  middle,  is  convex  from  side  to  side,  and  slightly  concavo-convex  from 
above  downwards.    Near  its  centre  there  is  usually  the  opening  of  a  nutrient  canal. 

The  internal  surface  is  not  so  extensive  as  the  external,  as  the  superior  and 
anterior  articular  borders  encroach  somewhat  upon  it  above.  Concave  from  side  to 
side,  and  also  from  above  downwards,  it  is  covered,  in  the  recent  condition,  by  the 
mucous  membrane  of  the  nose.  Bunning  downwards  along  this  surface  is  a 
narrow  groove  (sulcus  ethmoidalis)  which  transmits  the  internal  nasal  nerve.  The 
anterior  or  internal  border,  narrow  below,  is  thick  above,  and,  in  conjunction  with 
its  fellow  at  the  opposite  side,  with  which  it  articulates,  forms  a  median  crest 
posteriorly,  which  is  united  to  the  nasal  spine  of  the  frontal,  the  vertical  plate  of 
the  ethmoid,  and  the  septal  cartilage  of  the  nose,  in  that  order  from  above  down- 
wards.     The  posterior  or  exterrwU   border,  usually  the  longest,  is  serrated  and 


bevelled  to  fit  on  to  the  anterior  edge  of  the  frontal  proceaa  of  the  superior  maxilla. 
The  superior  border  forms  a  wide  toothed  surface,  which  articulates  with  the  iuner 

part  of  the  aasal  notch  of  the  frontal 
""'  bone  anteriorly ;  whilst,  behind,  it  rests 

in  contact  with  the  root  of  the  naaal 
g  process  of  the  same  bona    The  inferior 

I  border  is  thin  and  sharp,  and  is  con- 

f  1  cnst     nected  below  with  the  lateral  cartilage 

I  'fior     <>f    tbe    QOBc,   and   is   usually   deeply 

I  "»"«    notched  near  its  mesial  extremity. 

|l>r)'  OonneziOIU.— The  nasal  bone  articiUaUr' 

with   its  fellow   of  tlie   oiiposiU;   hide,  will 

the  ftuutal  above,  btliind  with    the  mwial 

jiUte  of  the  ethmoid  and  with    the   frouul 

■*  **  proceas  of  the  superior  maxilla.      It  is  slai 

Tia.  lOS.— RiusT  Na8.il  Bomb.     A,  Outer  sidi: ;         united  to  the  septal  and  upper  lateral  cani- 

B,  iDuar  Bide.  lagiis  of  the  nose. 

Architecture.  —  Formed  of  dense  aixl 
compact  bone  ;  the  strength  of  the  nauil  bonee  is  increased  by  their  mode  of  union  and  the 
formation  of  a  median  crest  posteriorly. 

Vulatlons. — The  sine  and  cotifigiiration  of  the  nasal  bones  vary  greatly  in  different  ract*, 
being,  as  a  rule,  lai^  and  prominent  in  the  white  races,  and  flat  and  reduced  in  sirv,  as  wl'U  a: 
depressed,  in  the  Mongolian  and  Negro  stock.  Obliteration  of  the  intemasal  suture  is  unusual ; 
it  19  stated  to  occur  more  frequently  in  negroes,  and  is  the  recognised  condition  in  adult  apea. 

Duckwui'th  has  recorded  a  case  (Joum.  Anat.  aiid  Fkyiioi,  vol  xiivi.  p.  2&7)  of  undue  exlension 
downwards  of  the  nasal  bone,  which  may  be  perliaps  accounted  for  on  the  supposition  that  th« 
lower  part  is  a  persistent  portion  of  the  preniaiilla. 

Ossification. — The  nasal  bones  are  each  developed  from  a  single  centre,  which  makes 
its  appearance  about  the  cud  of  the  second  month  in  the  membrauo  covering  the  fore- 
part of  the  cartilugJnouH  nasal  capsule.  Subsequent  to  birth  the  underlying  cartilaginous 
stratum  disappears,  persisting,  however,  below  in  the  form  of  the  lateral  nasal  cartilage, 
and  behind  im  the  septal  cartilage  of  the  nose. 

Thi:  Lachrymal  Bones. 

The  lachryiaal  bone  (os  lachrymale),  or  os  unguis,  a  thin  scale  of  bone  about  the 
size  of  a  finger-nail,  forms  part  of  the  inner  orbital  wall  behind  the  frontal  pro- 
cess of  the  superior  maxilla.  Irregularly  quadrangular,  it  has  two  surfaces— au 
inner  and  outer — and  four  borders. 

Its  exlernai  or  orbital  surface  has  a  vertical  ridge,  the  lachiym&l  crest  (crista 
lachrymalis  posterior),  running  downwards  upon  it.     In  front  of  this  is  the  ladunul 
groove  (sulcus  lachrymalis)  for  the  lodgment  of  the  lachry- 
mal sac.     The  floor  of  this  groove  descends  below  the  level  '       '"'  *" 
of  the  bulk  of  the  bone,  and  forms  the  descending  process, 

which  helps  to  complete  the  osseous  canal  for  the  nasal  i 

duct,  and  articulates  inferiorly  with  the  inferior  turbinaL 

The   lower  end   of  the   lachrymal  crest  terminates  in  a  ,ym.i 

hook-like  projection,  the  hninnia-r  process  (hamulus  lachry-  " 

malis),  which  curves  round  the  posterior  and  outer  edge 

of  the  lachrymal  notch  of  the  superior  maxilla,  and  thus  ^ 

defines  the  upper  aperture  of  the  canal  for  the  nasal  duct.  .""'"" 

To  the  free  edge  of  the  crest  behind  the  lachrymal  groove 
are  attached  the  refiected  portion  of  the  tendo  oculi,  and 
the  tensor  tarsi  muscle.  The  part  of  the  bone  behind  the 
lachrymal  crest  is  smooth  and  continuous  with  the  surface  of  the  os  planum  of 
the  ethmoid.  The  inner  surface  is  irregular  and  cellular  above  ;  it  closes  in  some 
of  the  anterior  ethmoidal  cells.  Where  it  is  smoother  it  forms  a  part  of  the 
lateral  wail  of  the  middle  meatus  of  the  nose  immediately  behind  the  frouul 
process  of  the  superior  maxilla,  and  above  the  inferior  turbinated  bone.  The 
superior  border  articulates  with  the  orbital  plate  of  the  frontal ;  the  anterior  edge 
with  the   posterior   border  of  the  frontal   process  of  the  superior  maxilla,  with 
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which  it  completea  the  lachrymal  groove  for  the  lodgment  of  the  lachrymal  eac. 
The  inferior  margin  articulates  with  the  orbital  surfnce  of  the  superior  maxilla, 
and  in  front  by  its  deecendinc  process  with  the  inferior  turbiual.  Posteriorly  the 
bone  articulates  with  the  anterior  border  of  the  os  planum  of  the  ethmoid. 

Connexions.— The  kdirymal  bone  articulates  with  four  bunes — the  frontal,  ethmoid,  inferior 
turbiual,  and  the  superior  maxilla. 

Architecture. — The  bone  conaiBts  of  s  thin  papery  trauBlncetit  lamina,  Bomewhat  strength- 
tncd  by  the  addition  of  the  vertical  crest, 

Varutitms. — The  lachrymal  is  occasionnlly  absent  lu  Home  cases  it  is  divided  into  two 
part£  ;  in  othete  replaced  by  a  number  of  Bmaller  oeeiclea.  1\\  rare  inAtancee  the  hamiilar  process 
may  extend  forwaraa  h>  reach  the  orbital  margin,  and  so  bear  a  share  in  the  formation  of  the  face, 
nii  111  lemurs  (Gegenbauer).  In  other  instances  the  hamuluH  is  nmch  reduced  in  eiie.  Occasion- 
ally the  lachryuial  is  separated  from  the  os  planum  of  the  ethmoid  by  a  dowu-growth  from  the 
frontal,  which  articulates  with  the  orbital  process  of  the  snperior  maxilla,  as  ie  the  normal 
dit^poeition  in  the  gorilla  and  chitnpaniiee.  (Turner,  Challengtr  ReporU,  "Zoology,"  vol,  x. 
Part  IV.  Plate  I. ;  and  A.  Thomson,  Journ.  Anal,  and  PKyiioL,  London,  voL  xiiv.  p.  349.) 

Ossification. — The  lachrymal  is  developed  from  a  uingle  centre,  which  makes  its 
appearance  about  the  end  of  the  second  or  the  beginning  of  the  third  month  of  intra- 
nteriue  life  in  the  membrane  arouud  the  cartilagiuous  nasal  capsule. 

The  Inferior  Turbinated  Bones. 

The  inferior  turbinated  or  spongy  bone  (concha  inferior)  is  a  ehell-like  lamina 
or  bone  lying  along  the  lower  part  of  the  outer  wall  of  the  nasal  foasa.  Of 
elongated  form,  the  bone  displays  two  curved  borders  enclosing  an  internal  and 
external  surface. 

The  superior  or  attached  border  is  thin  and  sharp  in  front  and  behind,  where 

1  juhrymHl  procna  Ethmoldkl  proows  Lvhiymil  piwesa 


A  B 

Klu.  110.— Rlrmt  Jnfehior  Tobbin*ted  Bokb.     A,  luiier  Surface  ;  B,  Outer  Surface. 

it  articulates  with  the  inferior  turbinal  crests  on  the  inner  surface  of  the  body 
of  the  superior  maxilla  and  the  vertical  plate  of  the  palate  bone  respectively. 
Between  these  two  borders  the  central  part  of  the  upper  edge  rises  in  the  form  of 
a  nharp  crest,  the  fore-part  of  which  forms  the  upstanding  lachiymal  process  (pro- 
cessus liichrymalis),  which  articulates  above  with  the  descending  process  of  the 
liichrymal  bone,  as  well  as  with  the  edges  of  the  uaaal  groove  of  the  superior 
maxilla,  thus  completing  the  osseous  canal  of  the  nasal  duct.  The  posterior  end 
iif  this  crest  is  elevated  in  the  form  of  an  irregular  projection  called  the  ethmoidal 
proceaa  (processus  ethmoidalis).  This  unites  with  the  uncinate  process  of  the 
ethmoid  bone  (see  Fig.  101).  Spreading  downwards  from  the  middle  of  the 
superior  border,  on  its  outer  side,  is  a  thin,  irregular  plate  of  bone,  the  maziUarr 
process  (processus  inaxillaris),  which  partially  oonceals  the  outer  concave  surface 
of  the  bone,  and,  by  its  union  with  the  inner  wall  of  the  maxillary  sinus,  assists  in 
the  completion  of  the  partition  which  separates  that  cavity  from  the  inferior  nasal 
meatus.  The  inferior  or  free  border,  gently  curved  from  before  backwards  and 
slightly  out-turned,  is  rounded  and  full,  and  formed  of  bone  which  is  deeply  pitted 
and  of  a  somewhat  cellular  character.  The  anterior  and  j»08terior  extremities  of 
the  bone,  formed  by  the  convei^ence  of  the  upper  and  lower  borders,  are  thin  and 
sharp;  as  a  rule  the  hinder  end  is  the  more  pointed  of  the  two.  The  internal 
surface  projects  into  the  naeal  fossa ;  convex  from  above  downwards,  and  slightly 
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curvBd  from  before  backwards,  it  forms  the  floor  of  the  middle  meatus.  It  is 
rough  and  pitted,  and  displays  some  scattered  and  longitudlDally  directed  vascular 
grooves.  The  oiiter  surface  overhangs  the  inferior  nasal  meatus.  Concave  irom 
above  downwards,  and  to  some  extent  from  before  backwards,  it  is  directed  towards 
the  outer  wall  of  the  nasal  fossa.  It  is  smooth  in  front,  where  it  corresponds  to 
the  opening  of  the  canal  for  the  nasal  duct ;  behind  and  towards  its  lower  border 
it  is  irregular  and  pitted.  In  the  disarticulated  bone  this  surface  is  iu  part  con- 
cealed by  the  downward  projecting  maxillary  procesa 

OonnezloilS.^The  inferior  turbinal  articulates  with  the  superior  maxilla,  lachrvmtl, 
ethmoid,  and  palate  bones. 

Vaiiation. — A  case  in  which  the  inferior  turbinals  were  absent  has  been  recorded  b; 
HjTtL 

Ossification.  —  The  inferior  turbinate  bone,  the  maxillo- turbinal  of  compaiatire 
anatomy,  ia  derived  from  the  cartilage  forming  the  outer  wall  of  the  nasal  capsule,  the 
upfter  portion  of  which  forms  the  ethmo-turbinals.     It  ossifies,  however,  from  a  8e[»arate 

centre,  which  appears  about  the  fifth  month  of  fmtal  life,  and  later  contracts  a  union 
by  a  horiiiontal  lamella  on  its  outer  aide  with  the  superior  maxillary  bone. 

The  Vomer. 

The  vomer,  a  bone  of  irregular  quadrilateral  shape,  is  placed  mesially  in  the 
hinder  part  of  the  nasal  septum.     It  has  four  borders  and  two  surfaces.     The 
superior  border,  which  can  readily  be  distinguished  by  the  presence  on  either  side 
of  an  everted  lip  or  ak,  slopes  from  behind 
I  upwards   and   forwards,  and  articulates 

with  the  under  surface  of  the  body  of  the 
sphenoid,  the  pointed  rostrum  of  which 
is  received  into  the  groove  formed  by  the 
projecting  alse.  Laterally  these  al»  are 
wedged  in  between  the  sphenoidal  pro- 
cesses of  the  palate  bone  in  front,  and 
PiLits  snpnior niMiUi      "^^  Vaginal  processes  at  the  root  of  the 

„     r.        ^        internal  pteryMid  plates  behind.     The 

Pill.   111. — VOHBK   AS   BBEN   FROU   THK   RlOHT  SiM.  .  f      y  "       ,.\      ,  -  l_    !_■     J 

posterior  border,  which  slopes  from  behmd 
downwards  and  forwards,  is  free,  and  forms  a  sharp,  slightly  curved  edge;  this 
constitutes  the  posterior  margin  of  the  nasal  septum,  and  serves  to  separate  the 
openings  of  the  posterior  nares.  The  inferior  border,  more  or  less  horizontal  in 
direction,  articulates  with  the  nasal  crest  formed  by  the  superior  maxillary  and 
palate  bones.  The  anterior  edge  is  the  longest;  it  slopes  obliquely  from  abovt- 
downwards  and  forwards.  In  its  upper  half  it  is  ankylosed  to  the  perpendicular 
plate  of  the  ethmoid;  in  its  lower  half  this  margin  is  grooved  for  the  receptioD 
of  the  septal  cartilage  of  the  nose.  The  anterior  extremity  of  the  bone  forms  a 
truncated  angle,  which  articulates  with  the  hinder  border  of  the  incisor  crest  of 
the  superior  uiaxillse,  and  sends  downwards  a  pointed  process  which  passes  between 
the  incisor  foramina.  The  right  and  left  surfaces  of  the  bone  are  smooth,  and 
covered  by  mucous  membrane.  It  is  not  uncommon  to  find  them  deflected  to 
one  or  other  side.  A  few  vascular  grooves  may  be  noticed  scattered  over  tbaee 
surfaces,  and  one,  usually  more  distinct  than  the  others,  running  obliquely  down- 
wards and  forwards,  indicates  the  course  of  the  naso-palatine  nerve. 

Oonneziona — Thu  vomer  articulateB  with  the  8|)heiioid,  tlie  ethmoid,  the  palates,  and  the 
superior  maxillEe.     In  front  it  aupports  the  septal  cartilage. 

Architecture. — The  bone  ia  compoeetl  of  two  compact  layers  fused  below,  but  separated  above 
by  the  BToove  for  the  lodcnient  of  the  rostrum  of  the  sphenoid  behind,  and  the  septal  cartilage  in 
front.  The  lamcllte  are  also  separated  from  each  other  by  a  canal  which  runs  horiiontallj  Iro™ 
behind  forwards  in  the  sulietance  of  the  bone,  and  which  transmits  the  nutrient  vcesel  of 
the  bone. 

Variations. ^O wing  to  imperfect  ossification  there  may  be  a  deficiency  in  the  bone,  filled  up 
during  life  by  cartilage.  The  wparation  of  the  two  lamellie  along  the  anlerior  border  miu 
considerably,  and  instances  are  recorded  where  they  were  separated  by  a  considerable  cavity 
within  the  substance  of  the  bone.      The  spheno- vomerine  canal  is  a  minute  opening  behind 
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i5i"SS.°t'h?taf  *°"*  ""'  '""'~  '' ""'  "*  ''"  "  ""  ™"'  'l-  """1'  "■•  »"«•■" 

™„^'5f^°.°;":''i''v/°"°."'  P^i""!?  'i»"'>li',  begi"  to  ooifj  about  th.  end  of  the 
jecond  mODth  of  l^ol  l.fe.  A  nuclm,  ,ppe„  „„  ,i,b„  ,a,  i„  the  membrane  overljinB 
JZ  1^  r"r*,°'  '5"  "'™""  »rtil«ge;  th«„  form  the  primitive  I.melta 

f™Tl?lir  '  ,    J"i\?':."''.r^  '"""•  "•»  """'•S»     'i'»'"  the  thiM  mo„th  th.„ 

TT^r  ''•'^  }'''•«'  "i  bo'o".  th™  forming  .  deep  gra,,,  i„  ,hieh  the  cu-tilage 
K,l~f^i.,«'  *?!?  T"  ".  ""  rr"  '~"°"  ™'"°«'  ''?  the  further  fu.lon  of  fte 

atetrU  plate,  uid  the  al»orpfou  of  the  cartilage,  until  the  ige  of  puberty,  bv  .hieh 

Sn  of  S  "  ^r  "°"^  1/°™  ■  """'  P"*"*  ''»  Pri"M"l/di"ded  cou- 
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the  o-tor  wall  of  the  back  part  of  the  naeal  fo»»i,  the  posterior  portion  of  the  barf 
paUte,  the  orbit,  the  .pheno-maxillary,  zygomatic,  and   the  pterfgoid  fo»ai.     It 


iiT."" 


conaUts  of  a.  hoiixoatal  aad  a  vertical  plate,  united  to  each  other  like  the  limbs  of 
the  letter  L.  At  their  point  of  union  there  is  an  irregular  outstanding  process, 
called  the  taberosity,  whilst  capping  the  summit  of  the  vertical  plate  and  Beparated 
by  a  deep  cleft  are  two  irregular  pieces  of  bone,  called  the  spheitoidal  and  orbital 


The  horizontal  plate  (pare  horizontalis)  has  two  surfaces  and  four  borders. 
Afl  its  name  implies,  it  is  horizontal  in  position,  and  forms  the  posterior  third  of 
the  hard  palate.  Its  upper  surfaie,  which  ia  smooth,  is  slightly  concave  from  aide 
to  aide,  and  forma  the  floor  of  the  hinder  part  of  the  nasal  fossae.  Its  inferior 
swrface,  rougher,  is  directed  towards  the  mouth,  and  near  its  posterior  edge  often 
displays  a  transverse  ridge  for  the  attachment  of  a  part  of  the  aponeurosis  of  the 
tensor  palati  muscle  The  anterior  border  articulates  by  means  of  an  irregular 
suture  with  the  hinder  edge  of  the  palatal  process  of  the  superior  maxilla.  The 
posterior  marffin  is  free  and  concave  from  side  to  side ;  by  its  sharp  edge  it  furnishes 
attachment  to  the  aponeurosis  of  the  soft  palate.  The  internal  border  is  upturned, 
and  when  it  articulates  with  its  fellow  of  the  opposite  side  it  forms  superiorly  a 
central  crest  continuous  in  front  with  the  nasal  crest  of  the  superior  maxilla ;  it 
supports  the  hinder  part  of  the  lower  border  of  the  vomer,  and  projecting  beyond 
the  line  of  the  posterior  border  forms  the  posterior  nasal  or  palatine  spine  (spina 
uasalis  posterior).     The  external  Ixrrder  fuses  with  the  vertical  plate,  forming  with 
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it  a  right  angle.     The  hinder  extremity  of  this  edge  ia  grooved  by  the  lower  end  of 
the  posterior  palatine  canal. 

The  vertical  plate  (pare  perpendicularia)  ia  very  much  broader  below  than 
above.     Composed  of  thin  bone,  it  is  liable  to  be  broken  in  the  process  of  disarticu- 
lation, particularly  al  its  upper  part,  so  that  it  is  somewhat  uncommoo  to  meel 
with  a  perfect  specimen.      It  may  be  described  as  possessing  two  surfacee  and 
four  borders.     Its  inner  surface,  which  ia  directed  towards  the  cavity  of  the  nose, 
is  crossed  horizontally  about  its  middle  by  the  inforior  turbinated  crest  (crisCa 
turbinalis)  with  which  the  hinder  end  of  the  superior   border  of  the    inferior 
turbinated  bone  articulates ;  above  and  below  this  it  enters  into  the  formation  o\ 
the  outer  wall  of  the  middle  and  inferior  meatuses  of  the  nose  respectively.     Xear 
the  upper  extremity  of  the  vertical  plate,  and  below  the  processes  which  spring 
from  it,  there  is  another  ridge  more  or  less  parallel  to  that  already  described 
This  is  the  superior  torbisated  or  ethmoidal  crest  (crista  ethmoidalis),  and  with  this 
the  hinder  extremity  of  the  middle  turbinated  bone  is  united.     The  external  siirfacf. 
which   forms  the  inner  wall  of  the  epheno-maxillary  fossa,  is  channelled   by  a 
vertical  groove  {sulcus  pterygo-palatinus),  converted  into  a  canal  by  articulatiuii 
with  the  superior  maxillary  bone.     ThiN 
canal,  called  the  posterior  palatine  canal 
transmits   the   large   palatine  nerve  ami 
descending  palatine  vessels.      ADteriorlv 
Bpbtoo  the  external  surface  projects  forwards  m 

a  variable  extent,  and  helps  to  close  ia 
the  antrum  of  the  maxilla  by  its  maiillai; 
^   process.      The  anterior   harder   ia  a  tliio 
edge  of  irregular  outline  which   articu- 
""  lates  above  with  the  ethmoid,  with  tlie 

1^,  posterior  edge  of  the  maxillary   procew 

Numic  of  the  inferior  turbinated  bone  about  iU 

middle,   and    below    with    the    superior 
P(«t«  maxilla.    The  posterior  border,  thin  above, 

%  where   it   articulates  with   the  fore-part 

"  of  the  internal  pterygoid  plate,  expands 

below  into  a  pyramidal  process  called  tlie 
taberosity.  The  inferior  border  of  the 
vertical  plate  is  confluent  with  the  outer 
edge  of  the  horizontal  plate ;  posteriorly, 
and  immediately  in  front  of  the  tuberosity,  it  is  notched  by  the  lower  extremity 
of  the  posterior  palatine  canal.  The  superior  border  supports  the  orbital  and 
sphenoidal  processes ;  the  former — the  anterior — is  separated  from  the  latter  by  u 
notch  (incisura  spheno-palatina),  which  is  converted  into  the  spheno-palatine  forainsB 
by  the  articulation  of  the  palate  bone  with  the  under  surface  of  the  sphenoid. 
Through  this  communication  between  the  spheno-maxillflry  and  nasal  fossse  pass 
the  spheno-palatine  artery  and  the  nasal  branches  of  the  spheno-palatine  gangUon. 
The  tuberoeity  (processus  pyramidalis)  is  directed  backwards  and  outward." 
from  the  ant^le  formed  by  the  vertical  and  horizontal  plates,  and  presents  on  it.-' 
posterior  surface  a  central  smooth  vertical  groove,  bounded  on  either  side  by  roujjh 
articular  furrows  which  unite  above  in  a  V-shaped  manner  with  the  upper  thin 
posterior  edge.  These  latter  articulate  with  the  fore-parts  of  the  lower  portions  of  tlie 
internal  and  external  pterygoid  plates,  while  the  central  groove  fits  into  the  wedp^- 
like  interval  between  the  two  pterygoid  plat&s,  thus  entering  into  the  formation  of 
the  pterygoid  fossa.  The  outer  surface  of  the  tuberosity  is  rough  above,  where  it 
is  confluent  with  the  outer  surface  of  the  vertical  plate  which  articulates  with  the 
tuberosity  of  the  superior  maxilla;  below,  there  is  a  small,  smooth,  triangular  area 
which  appears  between  the  tuberosity  of  the  superior  maxilla  and  the  outer  surface 
of  the  external  pterygoid  plate,  and  so  enters  into  the  floor  of  the  zygomatic  fossa. 
Passing  through  the  tuberosity  in  a  vertical  direction  are  the  posterior  and  external 
accessory  palatine  canals  (foramina  palatina  minora)  for  the  transmission  of  the 
smaller  palatine  nerves  and  vessels. 
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The  orbital  process  (processus  orbitalis),  shaped  Uke  a  hollow  cube,  surmounts 
the  fore-part  of  the  vertical  plate.  The  open  mouth  of  the  cube  is  usually  directed 
backwards  and  inwards  towards  the  fore-part  of  the  body  of  the  sphenoid,  with  the 
cavity  of  which  it  commonly  communicates ;  the  fore-part  of  the  cube  articulates 
with  the  inner  end  of  the  angle  formed  by  the  orbital  plate  and  zygomatic  surface 
of  the  superior  maxilla.  Of  the  remaining  four  surfaces,  one  directed  forwards  and 
inwards  articulates  with  the  ethmoid.  The  others  are  non-articular :  the  superior 
enters  into  the  formation  of  the  floor  of  the  orbit ;  the  external  is  directed  towards 
the  spheno-maxillary  fossa ;  whilst  the  inferior,  which  is  confluent  with  the  inner 
surface  of  the  vertical  plate,  is  of  variable  extent,  and  overhangs  the  superior 
meatus  of  the  nose. 

The  sphenoidal  process  (processus  sphenoidalis),  much  smaller  than  the  orbital, 
curves  upwards,  inwards,  and  backwards  from  the  hinder  part  of  the  summit  of  the 
vertical  plate.  Its  superior  surface,  which  is  grooved,  articulates  with  the  fore- part 
of  the  under  surface  of  the  body  of  the  sphenoid  and  the  root  of  the  internal 
pterygoid  plate,  thereby  converting  the  groove  into  the  pterygo-palatine  canal,  which 
transmits  an  artery  of  the  same  name  together  with  a  pharyngeal  branch  from  the 
spheno-palatine  ganglion.  Its  outer  side  enters  into  the  formation  of  part  of  the 
inner  wall  of  the  spheno-maxillary  fossa.  Its  internal  curved  aspect  is  directed 
towards  the  nasal  fossa,  whilst  its  inner  edge  is  in  contact  with  the  ala  of  the 
vomer. 

Connexions. — The  palate  bone  articidates  with  its  fellow  of  the  opposite  side,  with  the 
ethmoid,  vomer,  sphenoid,  superior  maxilla,  and  inferior  turbinated  bones. 

Ossification. — The  palate  bones  are  developed  from  the  ossification  of  the  membrane 
covering  the  sides  of  the  oral  cavity.  According  to  Rambaud  and  Renaidt,  two  primitive 
centres  appear  about  the  sixth  week  of  foetal  life.  From  one  of  these  the  tuberosity  and 
the  part  of  the  vertical  plate  behind  the  posterior  palatine  groove  is  developed  ;  from  the 
other  the  remainder  of  the  bone  is  formed,  with  the  exception  of  the  orbital  and  sphenoidal 
processes  which  are  derived  from  secondary  centres  that  make  their  appearance  some- 
what later.  Other  authorities  describe  the  bone  as  ossifying  from  a  single  centre  which 
appears  about  the  end  of  the  second  month  in  the  angle  between  the  vertical  and  hori- 
zontal plates. 

At  birth  the  l)one  is  much  longer  in  its  antero-posterior  diameter  than  in  its  vertical 
height,  the  converse  of  its  typical  adult  form. 

The  Inferior  Maxillary  Bone. 

The  inferior  maxilla  (mandibula)  or  mandible,  of  horse-shoe  shape,  with  the 
extremities  upturned,  is  the  only  movable  bone  of  the  face.  Stout  and  strong,  it 
supports  the  teeth  of  the  lower  dental  arch,  and  articulates  with  the  base  of  the 
cranium,  by  the  joints,  on  either  side,  between  its  condyles  and  the  glenoid  fossBB 
of  the  temporal  bones.  The  anterior  or  horizontal  part,  which  contains  the  teeth, 
is  called  the  body  (corpus) ;  the  posterior  or  vertical  portions  constitute  the  rami 
(rami  mandibulae). 

The  body  (corpus  mandibulae)  displays  in  the  middle  line  in  front  a  faint 
vertical  ridge,  the  symphysis,  which  indicates  the  line  of  fusion  of  the  two 
symmetrical  halves  from  which  the  bone  is  primarily  developed.  Inferiorly  this 
ridge  divides  so  as  to  enclose,  in  well-marked  specimens,  a  triangular  area — the 
mental  protuberance  (protuberantia  mentalis),  the  centre  of  which  is  somewhat 
depressed,  thus  emphasising  the  inferior  angles,  which  are  known  as  the  mental 
tabercles  (tubera  mentalia).  The  outer  surface  is  crossed  by  a  faint,  elevated  ridge, 
the  external  oblique  line  (linea  obliqua),  which  runs  upwards  and  backwards  from 
the  mental  tubercle  to  the  fore-part  of  the  anterior  border  of  the  ramus,  with 
which  it  is  confluent.  A  little  above  this,  midway  between  the  upper  and  lower 
borders  of  the  jaw%  and  in  line  with  the  root  of  the  second  bicuspid  tooth,  the  bone 
is  pierced  by  the  mental  foramen  (foramen  mentale) ;  this  is  the  anterior  opening 
of  the  inferior  dental  canal,  which  traverses  the  body  of  the  bone.  Through  this 
aperture   the  mental  vessels  and  nerves  reach  the  surface.     The  upper  border 
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supports  the  sixteen  teeth  of  the  lower  jaw.  It  is  thick  behind  and  thinner  in 
front,  in  correspondence  with  the  size  of  the  roots  of  the  teeth.  Anteriorly  the 
sockets  of  the  incisor  and  canine  teeth  produce  a  series  of  vertical  elevations  (juga 
alveolaria),  of  which  that  corresponding  to  the  canine  tooth  is  the  most  promineuL 
When  this  is  outstanding  it  gives  rise  to  a  hollowing  of  the  surface  between  it  and 
the  syniphysia,  often  referred  to  as  the  inclMt  fossa;  frequently,  however,  this 
is  only  faintly  marked  Below  the  external  oblique  line  the  bone  is  full  and 
rounded,  and  ends  below  in  the  inferior  border  or  base.  This  slopes  outwards  at 
the  sides,  and  forwards  in  front,  where  it  is  thick  and  hollowed  out  on  either  side 
of  the  symphysis  to  form  the  digastric  foaan  (fossse  digastricie),  to  which  the 
anterior  bellies  of  the  digastric  muscles  are  attached ;  narrowing  somewhat  behind 
this,  the  inferior  border  again  expands  opposite  the  molar  teeth,  and  finally 
becoming  reduced  in  width,  terminates  posteriorly  at  the  angle  formed  between  it 
and  the  posterior  border  of  the  ramus.  The 
detp  or  inner  swr^-^^^^-^" 
hy  the  internal  obli  P^^^— 
(Unea  mylo-hyoide  ] 
downwards  and  f 
part  of  the  symp"^"*' 
origin  of  the  myj^^ 
furnishes  an  attac 
stricter  of  the  pha  \ 
molar  tooth.  Belt  4-' 
ridge  the  surface  i|_ 
for  the  lodgment  ■ 
of  the  submaxil- 
lary gland.  Above  I 
the  fore-part  of  I 
the  internal  ob- 
lique line  th^ 
bone  is  smooth 
and  usually  con- 
vex. Here  the 
sublingual  gland  | 
lies  in  relation  to  | 
it.  In  the  angle 
formed  by  .  the  | 
convergence  of  ■ 
the  two  internal 
oblique  lines,  and 
in  correspondence 
with  the  back  of 
the  lower  part  of 

the  symphysis,  there  is  a  raised  tubercle  surmounted  by  two  laterally  placed 
spines,  the  mental  or  genial  spines  (apioEe  meutales).  Occasionally  these  are 
again  subdivided  into  an  upper  and  lower  pair,  or  it  may  be  that  the  lower 
pair  may  fuse  to  form  a  rough  median  ridge.  To  the  upper  pair  of  spines 
the  genio  -  hyoglossi  muscles  are  attached,  whilst  the  lower  pair  serve  for  the 
origin  of  the  genio-hyoid  muscles.  Immediately  above  the  tubercle  there  ia 
a  median  foramen  for  the  transmission  of  a  nutrient  vessel,  and  close  to  the 
alveolar  border  opposite  the  intervals  between  the  central  and  lateral  incisors,  there 
are  two  little  vascular  canals. 

The  rajnus  (ramus  mandibulse)  passes  upwards  from  the  back  part  of  the  bone, 
forming  by  the  junction  of  its  posterior  border  with  the  base  of  the  body  the  ufl^ 
(angulus  mandibulBe),  which  is  usually  rounded  and  more  or  leas  everted.  The 
outer  surface  of  the  ramus  affords  attachment  to  the  maeseter  muscle,  and  when 
that  muscle  is  powerfully  develojied  the  bone  is  usually  marked  by  a  series  of 
oblique  curved  ridges,  best  seen  towards  the  angle.  About  the  middle  of  the  deep 
or  inner  surface  is  the  large  opening  (foramen  mandibulare)  of  the  inftaior  d«nUl 
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cuul,  which  runa  downwards  and  forwards  to  reach  the  body,  and  transmits  the 
inferior  dental  vessels  and  nerves.  This  aperture  is  overhung  in  front  by  a  pointed 
arale  of  bone,  the  lingola,  to  the  edges  of  which  the  internal  lateral  ligament  of  the 
tempore- maxillary  articulation  is  attached.  Behind  the  lingula  and  leading  down- 
wards and  forwards  for  an  inch  or  so  from  the  opening  of  the  inferior  dental  canal 
is  the  mylo-hyoid  grooTs  (sulcus  mylo-hyoideus),  along  which  the  mylo-hyoid  artery 
and  nerve  pass.  Behind  and  below  this  groove  the  inner  surface  of  the  angle  is 
rough  for  the  attachment  of  the  internal  pterygoid  muscle.  Superiorly  the  ramus 
supports  the  coronoid  proceaH  in  front,  and  the  condyle  behind,  the  two  being 
separated  by  the  wide  sigmoid  notch  (iucisura  mandibulce),  over  which  there  pass 
iu  the  recent  condition  the  vessels  and  nerve  to  e 
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dyle  (capitulum  mandibulse),  below  which  it  is  somewhat  constricted  to  form 
the  neiek  (collum  mandibulse),  which  is  compressed  from  before  backwards,  and 
bounds  the  sigmoid  hollow  posteriorly.  To  the  inner  side  of  the  neck,  im- 
mediately below  the  condyle,  there  is  a  little  depression  (fovea  pterygoidea) 
for  the  insertion  of  the  external  pterygoid  muscle.  The  convex  surface  of 
the  condyle  is  transversely  elongated,  and  so  disposed  that  ita  long  axis  is 
inclined  nearly  horizontally  from  within  outwards  and  a  little  forwards.  The 
convexity  of  the  condyle  is  more  marked  in  its  antero-posterior  than  in  its 
transverse  diameter. 

Architecture. — The  nandible  ie  remarkable  for  the  denBity  and  thicknem  of  ita  inner  and 
outer  walls.  Where  these  coalesce  below  at  the  baae  of  the  body,  the  bone  is  particularly  atout. 
Superiorly,  where  they  form  the  walls  of  the  alveoli,  they  gradually  thm,  beine  thicker, 
however,  on  the  inner  than  the  outer  aide,  except  in  the  region  of  the  last  snolai  tooth, 
where  the  inner  wall  is  the  thinner.  The  cancellous  substance  is  open-meshed  l)elow,  finer 
and  more  condensed  where  It  surrounds  the  alveoli.  The  inferior  dental  canal  is  large  and 
has  no  very  definite  wall ;  it  is  prolonged  beyond  the  mental  foramen  to  reach  the  incisoi' 
leeth.  From  it  numerous  channels  pass  upwards  to  the  sockets  of  the  teeth,  and  it  com- 
monicatea  freely  with  the  surrounding  cancellous  tissue.  Above  the  canal  the  substance  of  the 
bone  ia  broken  up  by  the  alveoli  for  the  reception  of  the  roots  of  the  teeth.  In  the  subatance 
11 
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i  general  atriation  vertical  t 


the 


of  the  condyle  the  cancellous  tissue  is  more  ccmpact, 
articular  surface. 

The  mental  prominence  is  an  essentially  human  characteristic;  byBOmeit  iBaBsociat^d  with  the 
development  of  speech  in  moo,  others  regard  it  as  due  to  the  rednction  in  the  size  of  the  teeth. 

Variatioiu. — CoDBideiable  differences  are  met  with  in  the  height  of  the  coronotd  process : 
UBually  ita  summit  teaches  the  same  level  as  the  condyle,  or  slightly  above  it  i  occasionally,  how- 
ever, It  rises  lo  a  much  higher  level ;  in  other  cases  it  is  much  reduced.  These  differences 
naturally  react  on  the  form  oT  the  sigmoid  notch.  The  projection  of  the  mental  protuberance 
is  also  liable  to  vary.  Occasionally  the  mental  foramen  is  double,  and  gometimes  the  mylo-hvoid 
groove  is  for  a  short  distance  converted  into  a  canal. 

Ossification. ^ The  development  of  the  lower  jaw  is  intimately  associated  with 
Meckel's  cartilage,  the  cartilaginous  bar  of  the  first  viecetal  or  mandibular  arch.  Meckel's 
cartilages,  of  which  there  are  two,  are  connected  proxinially  with  the  periotic  capsule  and 
cranial  base.  Their  distal  ends  are  united  in  the  region  of  the  symphyBis.  It  is  i:i  the 
connective  tissue  overlying  the  outer  surface  of  this  cartilaginous  arch  that  the  bulk  of 
the  lower  jaw  is  developed.     The  cartilage  itself  is  not  converted  into  bone,  but  undergoes 
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anterior  extremitv, 
which  is  stated  to 
undei^  ossification 
to  form  the  part  of 
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foramen 

symphysis.  Inathird 
or  fourth  month 
fffitus  the  cartilagre 
can  be  traced  from 
the  under  surface  of 
the  fore-part  of  the 
tympauic  ring  down- 
wards and  forwards 
to  reach  the  jaw,  to 
which  it  is  attached 
at  the  opening  of  the 
inferior  dental  canal ; 
from  this  it  may  be 
traced  forwards  as  a 
narrow  strip  applied 
to  thcinoer  surface  of 
the  mandible,  which 
it  sensibly   grooves. 

The  proximal  end  of  this  furrow  remains  permanently  as  the  mylo-hyoid  groove.  The 
part  of  the  cartilage  between  the  tympanic  ring  and  the  jaw  becomes  converted  into 
fibrous  tissue,  and  persists  in  the  adult  as  the  so-called  internal  lateral  ligament  of  the 
temporo-maxillary  articulation,  its  proximal  end  throtigh  the  Ulaaerian  fissure  being  con- 
tinuous with  the  slender  process  of  the  malleus.  J.  Chaine  {Compta  Rendat.  Biologie, 
1903)  takes  exception  to  this  view  and  regards  the  internal  lateml  ligament  as  the  remnant 
of  a  muscular  slip.  The  part  which  is  applied  to  the  inner  surface  of  the  lower  jaw 
disappears.  In  the  tissue  overlying  the  cartilage  ossification  begins  by  several  centres  as 
early  as  the  sixth  or  seventh  week  of  fa'tal  life,  iu  this  respect  resembling  the  clavicle,  by 
which  it  is  alone  preceded.  The  dentary  or  basal  centre  forms  the  outer  wall  aud  lower 
border.  With  this  is  united  the  splenial  portion,  which  appears  somewhat  later,  forming 
the  inner  table  from  near  the  symphysis  backwards  towanls  the  opening  of  the  inferior 
dental  canal  where  it  terminates  in  the  lingula.  By  the  union  of  these  two  parts  a  groove 
is  formed,  which  ultimately  becomes  covered  in,  and  in  which  the  inferior  dental  nerve 
and  vessels  are  lodged.  As  has  been  already  stated,  the  part  of  the  body  between  the 
symphysis  and  the  mental  foramen  is  r^arded  as  directly  developed  by  the  ossification  of 
the  fore-part  of  the  Meokelian  cartilage.  Aa  will  have  been  gathei'ed  from  the  above 
description,  the  upper  part  of  the  ramus  and  its  processes  have  no  connexion  with  Meckel's 
cartilage.  The  condyle  and  the  coronoid  process  arc  each  developed  from  a  separate 
centre,  preceded  by  a  cartilaginous  matrix.  These  several  centres  are  all  united  about  the 
fourth  month. 

At  birth  the  lower  jaw  consists  of  two  lateral  halves  united  at  the  symphysis  by  fibrous 
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tissue ;  towards  the  end  of  the  first,  or  during  the  second  year,  osseous  union  between  the 
two  halyes  is  complete.  In  infancy  the  jaw  is  shallow  and  the  rami  proportionately  small; 
further,  owing  to  the  obliquity  of  the  ramus  the  angle  is  large,  averaging  about  150*. 
The  mental  foramen  lies  near  the  lower  border  of  the  bone.  Coincident  with  the  eruption 
of  the  teeth  and  the  use  of  the  jaw  in  mastication,  the  rami  rapidly  increase  in  size,  and 
the  angle  becomes  more  acute.  After  the  completion  of  the  permanent  dentition  it 
approaches  more  nearly  a  right  angle  varying  from  110"  to  120°.  The  body  of  the  bone 
is  stout  and  deep,  and  the  mental  foramen  usually  lies  midway  between  the  upper  and 
lower  borders.  As  age  advances,  owing  to  the  loss  of  the  teeth  and  the  consequent 
shrinkage  and  absorption  of  the  alveolar  border  of  the  bone,  the  body  becomes  narrow  and 
attenuated,  and  the  mental  foramen  now  lies  close  to  the  upper  border.  At  the  same  time 
the  angle  opens  out  again  (130"  to  140°),  in  this  respect  resembling  the  infantile  condition. 
In  old  age  the  coronoid  process  and  the  condyle  form  a  more  open  angle  with  each  other 
than  in  the  adult. 

The  Hyoid  Bone. 

The  hyoid  bone  (os  hyoideum),  or  os  lingusB,  though  placed  in  the  neck,  is 
developmentally  connected  with  the  skull.  It  lies  between  the  mandible  above 
and  the  larynx  below,  and  is  connected  with  the  root  of  the  tongue.  Of  U-shaped 
form,  as  its  name  implies  (Greek  v  and  cKo?,  like),  it  consists  in  the  adult  of  a 
central  part,  or  body,  with  which  on  either  side  are  united  two  long  processes 
extending  backw^ards — the  great  comna.  At  the  point  where  these  are  ossified 
with  the  body,  the  lesser  comoa,  which  project  upwards  and  backwards,  are  placed. 

The  body  (basis)  is  arched  from  side  to  side  and  compressed  from  before  back- 
wards, so  that  its  surfaces  slope  downwards  and  forwards.  Its  anterior  surface 
displays  a  slight  median  ridge,  on  either  side  of 
which  the  bone  is  marked  by  the  attachment 
of  the  mylo-hyoid  muscles.  Its  posterior  surface, 
deeply  hollowed,  is  concave  from  side  to  side  and 
from  above  downwards.  Herein  lie  a  quantity 
of  fat  and  a  bursa  which  separates  this  aspect 
from  the  thyro-hyoid  membrane.  The  upper 
border  is  broad ;  it  is  separated  from  the  anterior 
surface  by  a  transverse  ridge,  behind  which  are 
the  impressions  for  the  attachment  of  the  genio- 
hyoid muscles.    Its  hinder  edge  is  thin  and  sharp;    ^     ,,^     m 

^-^  ^,  .       ,  i.i.     L   J  i.v  •       1       •       1-1  J     Fio.  117. — The  HYom  Bonb  as  seen 

to  this,  above,  are  attached  the  genio-glossi,  whilst  from  the  Front. 

behind  and  below  the  thyro-hyoid  membrane  is 

connected  with  it.  The  inferior  border  is  well  defined  and  narrow ;  it  serves  for  the 
attachment  of  the  omo-hyoid,  sterno-hyoid,  thyro-hyoid,  and  stylo-hyoid  muscles. 

The  great  comua  are  connected  on  either  side  with  the  lateral  parts  of  the 
body.  At  first,  union  is  effected  by  synchondroses,  which,  however,  ultimately 
ossify.  These  comua  curve  backwards  as  well  as  upwards,  and  terminate  iu  more  or 
less  rounded  and  expanded  extremities.  Compre.sed  laterally,  they  serve  for  the 
attachments  externally  of  the  thyro-hyoid  and  hyo-glossi  muscles,  and  the  middle 
constrictor  of  the  pharynx  from  below  upwards,  whilst  internally  they  are  con- 
nected with  the  lateral  expansions  of  the  thyro-hyoid  membrane,  the  free  edges  of 
which  are  somewhat  thickened,  and  connect  the  extremities  of  the  great  cornua 
with  the  ends  of  the  superior  cornua  of  the  thyroid  cartUage  below. 

The  leaser  oomua,  frequently  cartilaginous  in  part,  are  about  the  size  of  grains 
of  wheat.  They  rest  upon  the  upper  surface  of  the  bone  at  the  junctions  of  the 
great  cornua  with  the  body.  In  youth  they  are  separated  from,  but  in  advanced 
life  become  ossified  with,  the  rest  of  the  bone,  from  which  they  are  directed  upwards, 
backwards,  and  a  httle  outwards.  Their  summits  are  connected  with  the  stylo- 
hyoid ligaments ;  they  also  serve  for  the  attachment  of  muscles. 

OonnezioilS. — The  hyoid  is  slung  from  the  styloid  processes  of  the  temporal  bones  by  the 
stylo-hyoid  ligaments.  Inferiorly  it  is  connected  w^ith  the  thyi-oid  cartilage  of  the  larynx  by 
the  thyro-hyoid  ligaments  and  membrane.  Posteriorly  it  is  intimately  associated  with  the 
epiglottis. 
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Ossification. — In  considering  the  development  of  the  byoid  bone  it  is  necessary  to 
refer  to  the  aiTaugement  and  disposition  of  the  cartilaginous  bars  of  the  second  and  third 
visceral  arches.  That  of  the  second  visceral  arch,  the  byoid  bar — or  Reichert's  cartilage, 
as  it  is  sometimes  called — is  united  above  to  the  petrous  temporal,  whilst  ventrally  it  is 
joined  to  its  fellow  of  the  opposite  side  by  an  independent  mesial  cartilage.  ChoDdrificar 
tion  of  the  third  visceral  arch  only  occurs  towards  its  ventral  extremity,  forming  what  is 
known  as  the  thyro-hyoid  bar.  This  also  unites  with  the  mesial  cartilage  above  mentioned. 
In  these  cartilaginous  processes  ossiBc  centres  appear  in  certain  definite  situatious. 
Towards  the  end  of  fcetal  life  a  single  centre  (by  some  authorities  regarded  as  primarily 
double)  appears  in  the  mesial  cartilage,  and  forms  the  body  of  the  bone  (basilLyal). 
About  the  same  time  ossification  begins  in  the  lower  ends  of  the  thyro-hyoid  bars,  and 
from  these  the  great  cornua  are  developed  (thyro-hyals).  During  the  first  year  the  lower 
ends  of  the  hyoid  bars  begin  to  ossify  and  form  the  lesser  cornua  (cerato-hyals).  The 
cephalic  ends  of  the  same  cartilages  meanwhile  ossify  to  form  the  styloid  processes  (stylo- 
hyals)  (see  p.  121),  whilst  the  intervening  portions  of  cartilage  undergo  resorption  and 
become  converted  into  the  fibrous  tissue  of  the  stylo-hyoid  ligaments,  which  in  the  adult 
connect  the  lesser  cornua  with  the  styloid  processes  of  the  temporal  bone.  The  great 
cornua  fuse  with  the  body  in  middle  life ;  the  lesser  cornua  only  at  a  more  advanced 
period.  Variations  in  the  course  of  development  lead  to  interesting  anomalies  of  the 
hyoid  apparatus.  The  lesser  cornua  may  be  unduly  long  or  the  stylo-hyoid  ligament  may 
be  bony ;  in  this  case  the  cartilage  has  not  undergone  resorption,  but  has  passed  on  to  the 
further  stage  of  ossification,  thus  forming  an  epihyal  element  comparable  to  that  in  the 
dog.  The  ossified  stylo-hyoid  ligament,  as  felt  through  the  pharyngeal  wall,  may  l)e 
mistaken  for  a  foreign  body.     (Farmer,  G.  W.  S.,  Brit,  Med,  Journ,  1900,  vol.  i.  p.  140o.) 

THE   SKULL  AS  A  WHOLE. 

The  skull  as  a  whole  may  be  studied  as  seen  from  the  front  (norma  frontalis), 
from  the  side  (norma  lateralis),  from  the  back  (norma  occipitalis),  from  above 
(norma  verticalis),  and  from  below  (norma  basalis). 

Norma  Frontalis. 

In  front,  the  smooth  convexity  of  the  frontal  bone  limits  this  region  above, 
whilst  inferiorly,  when  the  lower  jaw  is  disarticulated,  the  teeth  of  the  upper  jaw 
form  its  lower  boundary.  The  large  openings  of  the  orbits  are  seen  on  either  side ; 
whilst  placed  mesially  and  at  a  somewhat  lower  level  is  the  anterior  nasal  aperture 
(apertura  pyriformis)  leading  into  the  nasal  fossa. 

The  frontal  region,  convex  from  above  downwards  and  from  side  to  side,  is 
limited  externally  by  two  ridges,  which  are  the  anterior  extremities  of  the  temporal 
lines.  Superiorly  the  fulness  of  the  bone  blends  with  the  convexity  of  the  vertex. 
Interiorly  the  frontal  bone  forms  on  either  side  the  arched  superior  border  of  the 
orbit  (margo  supraorbitaUs).  The  space  between  these  borders  corresponds  to  the 
root  of  the  nose,  an  1  here  are  seen  the  sutures  which  unite  the  frontal  with  tlie 
nasal  bones  in  the  middle  line,  and  with  the  nasal  process  of  the  superior  maxilla 
on  either  side,  called  the  naso-frontal  and  fronto-mazillary  stttores  respectively.  The 
orbital  arch  is  thin  and  sharp  externally,  but  becomes  thick  and  more  rounded 
towards  its  inner  side,  where  it  forms  the  internal  angular  process  and  unites  with 
the  frontal  process  of  the  superior  maxilla  and  the  lachrymal  bone  on  the  inner 
wall  of  the  orbit.  This  arched  border  is  interrupted  towards  the  inner  side  by 
a  notch  (incisura  supraorbitalis),  sometimes  converted  into  a  foramen,  for  the 
transmission  of  the  supraorbital  nerve  and  artery.  In  the  middle  line,  just  above 
the  naso-frontal  suture,  there  is  often  the  remains  of  a  median  suture  (sutura 
frontalis),  which  marks  the  fusion  of  the  two  halves  from  which  the  bone  is 
primarily  ossified.  Here  also  a  prominence,  of  variable  extent — the  glabella — is  met 
with ;  from  this  there  passes  out  on  either  side  above  and  over  the  orbital  margin 
a  projection  called  the  superciliary  ridge  (arcus  superciliaris). 

The  orbital  fossse,  of  more  or  less  conical  form,  display  a  tendency  to  assume 
the  shape  of  four-sided  pyramids  by  the  flattening  of  the  superior,  inferior,  and 
lateral  walls.      The   hose,  which    is   directed   forwards    and  a   little  outwards, 
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corresponds  to  the  orbital  aperture.  The  shape  of  this  is  liable  to  individual  and 
racial  variations,  being  nearly  circular  in  the  Mongoloid  type,  whilst  it  displays  a 
more  or  less  quadrangular  form  in  Australoid  skuUa  The  upper  margin,  as  has 
been  already  stated,  is  formed  by  the  frontal  bone  between  the  internal  and  external 
angular  processes.  The  outer,  and  about  half  the  lower,  margin  are  formed  by  the 
sharp  curved  edge  between  the  facial  and  orbital  surfaces  of  the  malar  bone.  The 
internal  border  and  the  remainder  of  the  lower  margin  are  determined  by  the 
outer  surface  of  the  frontal  process  of  the  superior  maxilla,  and  the  sharp  edge 
se^iarating  the  facial  from  the  orbital  surface  of  the  same  bone.  Three  sutures 
interrupt  the  continuity  of  the  orbital  margin — the  fironto-malar  (sutura  zygomatico- 
frontalis)  externally,  the  fronto-mazHlary  (sutura  fronto-maxillaris)  internally,  both 
lying  about  the  same  level,  and  the  malo-xnaxillary  (sutura  zygomatico-maxillaris) 
inferiorly.  The  apex  of  the  space  is  directed  backwards  and  inwards,  so  that  the 
inner  walls  of  the  two  orbits  lie  nearly  parallel  to  each  other,  whilst  the  outer 
walls  are  so  disposed  as  to  form  nearly  a  right  angle  with  each  other.  The  depth  of 
the  orbit  measures,  on  an  average,  about  two  inches  (5  cm.).  At  the  apex  there  are 
two  openings ;  the  larger,  known  as  the  sphenoidal  flssnre  (fissura  orbitalis  superior), 
passes  from  the  apex  of  the  space  outwards  and  a  little  upwards  for  the  distance 
of  three-quarters  of  an  inch  or  so,  between  the  roof  and  outer  wall  of  the  orbit.  The 
inner  third  of  this  fissure  is  broad  and  of  circular  form.  Externally  it  is  consider- 
ably reduced  in  width.  Through  this  the  third,  fourth,  ophthalmic  division  of  the 
fifth,  and  the  sixth  nerves  enter  the  orbit,  whilst  the  ophthalmic  veins  pass 
backwards  through  it.  Above  and  internal  to  the  inner  end  of  the  sphenoidal 
fissure  there  is  a  smaller  circular  opening,  the  optic  foramen  (foramen  opticum),  for 
the  transmission  of  the  optic  nerve  and  ophthalmic  artery. 

The  roof  of  the  orbit,  which  is  very  thin  and  brittle  towards  its  centre,  is  formed 
in  front  by  the  orbital  plate  of  the  frontal  bone  (pars  orbitalis)  and  behind  by  a 
small  triangular  piece  of  the  leaser  wing  of  the  sphenoid,  which  surrounds  the 
optic  foramen  and  forms  the  upper  border  of  the  sphenoidal  fissure.  Externally 
this  surface  is  separated  from  the  outer  wall  by  the  sphenoidal  fissure  posteriorly, 
anteriorly  by  an  irregular  suture  between  the  orbital  part  of  the  frontal  and 
the  upper  margin  of  the  orbital  surface  of  the  great  wing  of  the  sphenoid,  ex- 
ternal to  which  the  external  angular  process  of  the  frontal  articulates  with  the 
malar.  Internally  the  roof  is  marked  off  from  the  inner  wall  by  a  suture,  more 
or  less  horizontal  in  direction,  between  the  orbital  plate  of  the  frontal  and  the 
following  bones  in  order  from  before  backwards,  viz.  the  frontal  process  of  the 
superior  maxilla,  the  lachrymal  bone,  and  the  os  planum  of  ethmoid.  In  the 
suture  between  the  last-mentioned  bone  and  the  frontal  there  are  two  foramina, 
the  anterior  and  posterior  internal  orbital  or  ethmoidal  canals  (foramen  ethmoidale 
anterius  et  posterius);  both  transmit  ethmoidal  vessels — the  anterior  affording 
passage  to  the  nasal  nerve  as  well.  The  roof  is  concave  from  side  to  side,  and 
to  some  extent  also  from  before  backwards.  About  midway  between  the 
fronto  -  maxillary  suture  and  the  supraorbital  notch  or  foramen,  but  within 
the  margin  of  the  orbit,  there  is  a  small  depression,  occasionally  replaced  by  a 
spine  (fovea  veL  spina  trochlearis),  for  the  attachment  of  the  cartilaginous  pulley 
of  the  superior  oblique  muscle  of  the  eyeball.  Under  cover  of  the  external 
angular  process  the  roof  is  more  deeply  excavated,  forming  a  shallow  fossa  for  the 
lodgment  of  the  lachrymal  gland  (fossa  glandulse  lachrymalis).  In  front,  the  roof 
separates  the  orbit  from  the  frontal  sinns,  and  along  its  inner  border  it  is  in  relation 
with  the  ethmoidal  air-cells.  The  relation  to  these  air  spaces  is  variable,  depending 
on  the  development  and  size  of  the  sinuses.  The  rest  of  the  roof,  which  is  very  thin, 
forms  by  its  upper  surface  the  floor  of  the  anterior  cranial  fossa,  in  which  are  lodged 
the  frontal  lobes  of  the  cerebrum. 

The  Jloor  of  the  orbit  is  formed  by  the  orbital  plate  of  the  superior  maxilla, 
together  with  part  of  the  orbital  surflMe  of  the  malar  bone,  and  a  small  triangular 
piece  of  bone,  the  orbital  process  of  the  palate,  which  is  wedged  in  posteriorly. 
Externally,  for  three-quarters  of  its  length  posteriorly,  it  is  separated  from  the  outer 
wall,  which  is  here  formed  by  the  great  wing  of  the  sphenoid,  by  a  cleft  called  the 
ipfaano-maxillary  fissure  (fissura  orbitalis  inferior).     Through  this  there  pass  the 
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superior  maxillary  division  of  the  fifth  nerve  on  its  woy  to  the  infraorbital  canal,  the 
orbital  or  temporo-malar  branch  of  the  same  nerve,  the  infraorbital  vessels,  and  some 
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1.  Mental  protubcrauce.  13.  Optic  foramen.  25.  Squ«iiioin  temporal. 

2.  Boily  orlowarjaw.  14.  Orbital  rorsmina.  2B,  Uft  uual  bone. 

3.  Ramua  of  lower  jaw.  15.  Temporal  riilgB.  27.  Malar  boue. 

i.  Auterior  noial  spifte  16.  Supraorbital  notch.  28.  SplieQO-mB»ilUry  fismr*. 

6.  Uamnafoaaa,  17.  Glabella.  2».  Zygomatic  arch. 

e.  lufraorbital  canal.  18.  FronU)  eminence.  30.  Anterior  uaeal  aperture,  duplajinf; 

7.  Malar  ciuial.  19.  Superciliary  riJge.  uasal  neptum  and  inferior  auJ 
a.  Orbital  mirface  of  suiwrior  30.  Parietal  bone,                                           midtlh  turbinatwl  bones, 

>»""H»-  21.  Fronto.naaal  suture.  31.  Ma-itoid  process. 

».  Temporal  fossa.  22.  Pter<ou.  32.  Incisor  foasa. 

10.  Os  planum  of  Btlinioiil.  23.  Great  wing  of  sphenoid.  33.  Angle  of  javr. 

11.  Bpbenoidal  fissure.  24.  Orbital  surface  of  great  wing       34.  Mental  foramen. 

12.  Lachrymal  bone  and  groove.  of  sphenoid.  35.  Synipliysis. 

twigs  from  Meckel's  (spheno- palatine)  ganglion.  By  means  of  this  fissure  the  orbit 
CDmmunicates  with  the  spheno-maxillary  fossa  behind  and  the  zygomatic  fossa  W 
the  outer  side.     Internally  the  floor  is  limited  from  behind  forwartla  by  the  auturs 
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between  the  following  bones,  viz.  the  orbital  process  of  the  palate  below  with  the 
iKxly  of  the  sphenoid  above  and  behind,  and  the  os  planum  of  the  ethmoid  above  and 
in  front — anterior  to  which  the  orbital  plate  of  the  superior  maxilla  below  articulates 
with  the  OS  planum  of  the  ethmoid  and  the  lachrymal  above  and  in  front.  At  the 
anterior  extremity  of  this  line  of  sutures  the  inner  edge  of  the  orbital  plate  of  the 
superior  maxilla  is  notched  and  free  between  the  point  where  it  articulates  with  the 
lachrymal  posteriorly  and  the  part  from  which  its  frontal  process  rises.  Here  it 
forms  the  outer  edge  of  a  canal,  down  which  the  membranous  nasal  duct  passes  to 
the  noae.  The  floor  of  the  orbit  is  thin  behind  and  at  the  sides,  but  thicker  in 
front  where  it  blends  with  the  orbital  margin.  Passing  in  a  sagittal  direction 
through  its  substance  is  the  infraorbital  canal,  the  roof  of  which  is  usually  deficient 
behind,  where  it  becomes  continuous  with  a  broad,  shallow  groove,  which  leads 
forwards  from  the  anterior  margin  of  the  spheno-maxillary  fissure.  This  canal 
(canalis  infraorbitalis)  opens  on  the  facial  surface  of  the  superior  maxillary  imme- 
diately below  the  orbital  margin  (foramen  infraorbitale)  and  transmits  the  superior 
maxillary  division  of  the  fifth  nerve,  together  with  the  infraorbital  vessels.  The 
floor  forms  a  thin  partition  which  separates  the  orbit  from  the  antrum  or  sinus  of 
the  superior  maxilla,  wliich  lies  below.  Internally  it  completes  the  lower  ethmoidal 
air-cells,  and  separates  the  orbit  from  the  middle  meatus  of  the  nasal  foss«. 

The  outer  wall  of  the  orbit,  which  is  the  strongest,  is  formed  by  the  orbital 
surface  of  the  great  wing  of  the  sphenoid  and  the  upper  part  of  the  orbital  snxface 
of  the  malar  bone.  Above  it,  behind,  is  the  sphendidal  flssure,  whilst  below, 
and  extending  much  farther  forward,  is  the  spheno-maxillary  fissure.  The  anterior 
margin  of  the  outer  wall  is  stout  and  formed  by  the  malar  bone,  behind  which, 
formed  in  part  by  the  orbital  process  of  the  malar  bone  and  the  malar  edge  (margo- 
zygomaticus)  of  the  great  wing  of  the  sphenoid,  it  forms  a  fairly  thick  partition 
between  the  orbit  in  front  and  the  temporal  fossa  behind.  Crossing  this  surface 
from  above  downwards,  close  to  the  anterior  extremity  of  the  spheno-maxillary 
fissure,  is  the  suture  between  the  malar  bone  and  the  great  wing  of  the  sphenoid 
(sutura  spheno-zygomatica).  This  wall  is  pierced  in  front  by  one  or  two 
small  canals  (foramen  zygomatico-orbitale),  which  traverse  the  malar  bone  and 
allow  of  the  transmission  of  the  temporal  and  malar  branches  of  the  orbital  portion 
of  the  superior  maxillary  division  of  the  fifth  nerve. 

The  inner  wall  of  the  orbit  is  formed  from  before  backwards  by  a  small  part  of 
the  firontal  process  of  the  superior  maxilla,  by  the  lachrymal,  and  by  the  os  planum  or 
orbital  plate  of  the  ethmoid  (lamina  papyracea  ossis  ethmoidalis),  posterior  to  which 
is  a  small  part  of  the  lateral  aspect  of  the  body  of  the  sphenoid  in  front  of  the 
optic  foramen.  Above,  the  orbital  plate  of  the  frontal  bone  forms  a  continuous 
suture  from  before  backwards  with  the  bones  just  enumerated ;  whilst  below,  the 
lachrymal  and  the  os  planum  of  the  ethmoid  articulate  with  the  orbital  plate  of 
the  superior  maxilla ;  posteriorly  the  hinder  extremity  of  the  os  planum  and  the 
fore-part  of  the  body  of  the  sphenoid  articulate  with  the  orbital  process  of  the 
palate.  The  orbital  surface  of  the  lachrymal  bone  is  divided  into  two  by  a  vertical 
ridge — the  lachrymal  crest  (crista  lachrymalis  posterior) — which  forms  in  front  the 
posterior  half  of  a  hollow,  the  lachrynial  groove  (sulcus  lachrymalis),  the  anterior 
part  of  which  is  completed  by  the  channelled  posterior  border  of  the  firontal  process 
of  the  superior  maTJUa,  In  the  lachrymal  groove  or  fossa  (fossa  sacci  lachrymalis) 
is  lodged  the  lachrymal  sac,  whilst  passing  from  it  and  occupying  the  canal,  of 
which  the  upper  opening  is  at  present  seen,  is  the  membranous  nasal  duct.  The 
extremely  thin  wall  of  the  lower  part  of  the  lachrymal  fossa  separates  the  orbit 
from  the  fore-part  of  the  middle  meatus  of  the  nasal  fossa.  To  the  inner  side  of 
the  upper  and  fore  part  of  the  lachrymal  bone,  and  separated  from  the  orbit  merely 
by  the  thickness  of  that  bone,  is  the  passage  leading  from  the  nose  to  the  frontal 
sinus  (infundibulum  ethmoidale),  whilst  the  part  of  the  bone  behind  the  lachrymal 
crest  forms  the  thin  partition  between  the  orbit  and  the  anterior  ethmoidal  cells. 
Behind,  where  the  body  of  the  sphenoid  forms  part  of  the  inner  wall  of  the  orbit, 
the  sphenoidal  air  sinus  is  in  relation  to  the  apex  of  that  space,  though  here  the 
IMirtition  wall  between  the  two  cavities  is  much  thicker. 

The  skeleton  of  the  face  on  its  anterior  surface  is  formed  by  the  two  superior 
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maxillaa,  the  frontal  processes  of  which  have  been  -ab'eadj  seen  to  pass  up  to  articu- 
late with  the  internal  angular  processes  of  the  frontal  bone,  thus  forming  the  lower 
halves  of  the  inner  margins  of  the  orbit.  Joined  to  the  upper  jaws  externally  are 
the  malar  or  cheek  bones  (ossa  zygomatica),  which  are  supported  by  their  union 
with  the  temporal  bones  posteriorly  through  the  medium  of  the  zygomatic  arches. 
The  suture  which  separates  the  malar  from  the  superior  maxilla  (sutura  zygomatico- 
maxillaris)  commences  above  about  the  centre  of  the  lower  orbital  margin  and 
passes  obliquely  downward  and  outward,  its  lower  end  lying  in  vertical  line  with 
the  outer  orbital  margin.  The  two  superior  maxillae  are  separated  by  the  nasal 
fossae,  which  here  open  anteriorly.  Above,  the  two  nasal  bones  are  wedged  in 
between  the  frontal  processes  of  the  maxillae ;  whilst  below  the  nasal  aperture,  the 
maxillae  themselves  are  united  in  the  middle  line  by  the  intermaxillary  suture 
(sutura  intermaxillaris). 

The  nasal  aperture  (apertura  pyriformis),  which  lies  below  and  in  part  between 
the  orbits,  is  of  variable  shape  and  size — usually  pyriform,  it  tends  to  be  long  and 
narrow  in  Europeans,  as  contrasted  with  the  shorter  and  wider  form  met  with  in 
the  negroid  races.  Its  edges  are  formed  below  and  on  either  side  by  the  free 
curved  margin  of  the  body  and  the  frontal  process  of  the  superior  maxilla ;  and 
above,  and  partly  at  the  sides,  by  the  free  border  of  the  nasal  bones.  In  the 
middle  line,  inferiorly,  corresponding  to  the  upper  end  of  the  intermaxillary 
suture  there  is  an  outstanding  process — the  anterior  nasal  spine  (spina  nasalis 
anterior)  formed  by  the  coalescence  of  spicules  from  both  maxillae ;  arising  from 
this,  and  passing  backwards  and  upwanis,  is  a  thin  bony  partition — the  osseous 
septum  of  the  nose.  Often  deflected  to  one  or  other  side,  it  divides  the  cavity  of 
the  nose  (cavum  nasi)  into  a  right  and  left  half.  Projecting  into  these  chambers 
from  their  outer  walls  can  be  seen  the  inner  surfaces  and  free  borders  of  the  middle 
(concha  media)  and  inferior  (concha  inferior)  turbinated  bones,  the  spaces  below 
and  between  which  form  the  inferior  and  middle  meatuses  of  the  nose  respectively. 

Below  the  orbit,  and  to  the  outer  side  of  the  nasal  aperture,  the  anterior  or 
facial  surface  of  the  body  of  the  superior  maxilla  (corpus  maxillae)  is  seen  ;  this  is 
continuous  inferiorly  with  the  outer  surface  of  the  alveolar  process  (process  alveo- 
laris),  in  which  are  embedded  the  roots  of  the  upper  teeth. 

A  horizontal  line  drawn  round  the  jaw  on  the  level  of  a  point  midway  between 
the  lower  border  of  the  nasal  aperture  and  the  alveolar  edge  corresponds  to  the 
plane  of  the  hard  palate.  Below  that  the  alveolar  process  separates  the  cavity  of 
the  mouth  from  the  front  of  the  face ;  whilst  above,  the  large  air  space,  the  mazil- 
laiy  sinus  (sinus  maxillaris),  or  antrum  of  Highmore,  lies  within  the  body  of  the 
superior  maxilla. 

The  malar  or  cheek  bone  (os  zygomaticum)  forms  the  lower  half  of  the  outer, 
and  outer  half  of  the  lower  border  of  the  orbit.  Its  external  aspect  corresponds  to 
the  point  of  greatest  width  of  the  face,  the  modelling  of  which  depends  on  the 
flatness  or  projection  of  this  bone. 

When  the  lower  jaw  (mandibula)  is  in  position,  and  the  teeth  in  both  jaws  are 
complete,  the  lower  dental  arch  will  be  seen  to  be  smaller  in  all  its  diameters  than 
the  upper,  so  that  when  the  jaws  are  closed  the  upper  teeth  slightly  overlap  the 
lower  both  in  front  and  at  the  sides.  Exceptionally  a  departure  from  this  arrange- 
ment is  met  with. 

Norma  Lateralis. 

Viewing  this  aspect  of  the  skull,  in  the  first  instance,  without  the  lower  jaw,  it 
is  seen  to  be  formed  in  part  by  the  bones  of  the  cranium,  and  in  part  by  the  bones 
of  the  face.  A  line  drawn  from  the  fronto-nasal  suture  to  the  tip  of  the  mastoid 
process  serves  to  define  roughly  the  boundary  between  these  portions  of  the  skull. 
Of  ovoid  shape,  the  cranium  is  formed  above  by  the  frontal,  parietal,  and  occipital 
bones  from  before  backwards ;  whilst  below,  included  within  these  are  the  sphenoid 
and  temporal  bones.  The  sutures  between  these  several  bones  are  arranged  as 
follows :  Commencing  at  the  external  angular  process  of  the  frontal,  the  suture 
between  that  bone  and  the  malar  is  first  seen ;  tracing  this  backwards  and  a  little 
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upwards,  the  lower  edge  of  the  frontal  next  articulates  with  the  upper  margin  of  the 
great  wing  of  the  sphenoid  for  a  distance  varying  from  three-quarters  of  an  inch  to 
one  inch.  Here  the  posterior  border  of  the  frontal  turns  upwards  and  slightly  back- 
wards, forming  with  the  parietal  the  coronal  suture  (sutura  coronalis).  The  lower 
border  of  the  parietal  bone,  which  is  placed  immediately  behind  the  frontal,  articulates 


Fia.  119.— Norma  Lateramb. 

1.  HrnUl  fonmcii.  12.  Lsnibdoiil  auturc.  22.  Stephstiioii. 

2.  Body  or  lover  jaw.  13.  Occipittd  bone.  23.  Front&l  boue, 

3.  Superior  niuilli.  14.  Lambda.  21.  Pterion. 

4.  RuDusoriawerjaw.  15.  Obelioii  placed  between  the  two  25.  Temporal  fossa. 

b.  ZygoDutic  arcb.  parietal  foramiaa.  26.  Gr<<at  vritig  of  sphenoid. 

fl.  Styloid  procen.  16.  Paiietal  bone.  27.  Halar  bone. 

7.  Eiteraal  auditory  meatas,  17.  Lower  temporal  ridge.  2H.  Ualar  canal. 

8.  Mastoid  pn>ce».  18.  Upper  temporal  ridge.  29,  Lachrymal  Wue. 
El.  AstcrioD.  19.  Squamoua    part   at    temporal  30.  Nasal  bone. 

10.  SuperiorcariedUneof  occipital  bone.  31.  Inrraorbital  canal. 

bone.  20.  Br^ma.  32.  Anterior  iiaati  a)>ertuTe. 

11.  Eitemal  occipital  protuberance.  21.  Coronal  suture. 

anteriorly  with  the  hinder  part  of  the  upper  edge  of  the  great  wing  of  the  sphenoid. 
The  extent  of  this  suture  (sutura  spheno-parietalis)  is  liable  to  very  great  indi- 
vidual variation — -at  times  being  broad,  in  other  instances  being  pointed  and 
narrow,  whilst  occasionally  the  parietal  does  not  articulate  with  the  sphenoid  at  all. 
Behind  the  spheno -parietal  suture  the  parietal  articulates  with  the  squamous  part 
of  the  temporal  (sutura  squamosa).  This  repeats  to  a  certain  extent  the  curve 
formed  by  the  outline  of  the  calvaria,  and  ends  posteriorly  about  one  inch  behind 
the  eztanial  anditory  meattu.  Here  the  suture  alters  its  character  and  direction, 
and  in  place  of  being  scaly,  becomes  toothed  and  irregular,  uniting  for  the  space  of 
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an  inch  or  bo  the  posterior  inferior  angle  of  the  parietal  with  the  mastoid  process 
of  the  temporal  bone.  This  suture  (sutura  parieto-mastoid)  is  more  or  less  hori- 
zontal in  direction,  and  lies  in  line  and  on  a  level  with  the  upper  border  of  the 
zygomatic  arch.  At  a  point  about  two  inches  behind  the  external  auditory  meatus 
the  posterior  border  of  the  parietal  bone  turns  obliquely  upwards  and  backwards, 
and  forms  with  the  tabular  part  of  the  occipital  bone  the  strongly-denticulated 
lambdoid  suture  (sutura  lambdoidea).  Inferiorly  this  suture  is  continued  obliquely 
downwards  between  the  occipital  bone  and  the  hinder  border  of  the  mastoid  portion 
of  the  temporal,  where  it  forms  the  occipito- mastoid  suture  (sutura  occipito- 
mastoidea),  much  simpler  and  less  seitated  than  the  two  previously  mentioned. 
These  three  sutures  just  described  meet  in  tri-radiate  fashion  at  a  point  called 
the  asterion. 

Anteriorly  the  curve  of  the  squamous  suture  is  continued  downward  between 
the  anterior  edge  of  the  squamous  part  of  the  temporal  and  the  posterior  border  of 
the  great  wing  of  the  sphenoid ;  inferiorly  it  lies  in  plane  with  the  middle  of  the 
zygomatic  arch. 

The  sutures  around  the  summit  of  the  great  wing  of  the  sphenoid  are  arranged 
like  the  letter  H  placed  obliquely,  the  cross-piece  of  the  H  corresponding  to  the 
spheno-parietal  suture.  When  this  is  short,  and  becomes  a  mere  point  of  contact, 
the  arrangement  then  resembles  the  letter  X.     This  region  is  named  the  pterion. 

Curving  over  the  lateral  region  of  the  calvaria  in  a  longitudinal  direction  is 
the  temporal  crest  (linea  temporalis).     This  is  often  double.     The  lower  line  marks 
the  limit  of  the  attachment  of  the  temporal  muscle,  whilst  the  upper  ridge  defines 
the  attachment  of  the  temporal  fascia.     Commencing  in  front  at  the  external 
angular  process  of  the  frontal,  the  crest  sweeps  upwards  and  backwards  across  the 
lower  part  of  that  bone,  and  then  crossing  the  coronal  suture — a  point  called  the 
stephanion — it  passes  on  to  tlie  parietal,  over  which  it  curves  in  the  direction  of  its 
posterior  inferior  angle.     Here  it  is  continued  on  to  the  temporal  bone,  where  it 
sweeps  forward  to  form  the  supramastoid  crest,  which  serves  to  separate  the  squamous 
from  the  mastoid  portion  of  the  temporal  bone  externally.     Carried  forward,  this 
ridge  is  seen  to  become   continuous   with   the   upper  border   of   the   zygomatic 
arch  over  the  external  auditory  meatus.     In  front,  the  temporal  ridge  separates 
the  temporal  fossa  from  the  region  of  the  forehead ;  above  and  behind,  it  bounds 
the  temporal  fossa  which  lies  within  its  concavity,  and  serves  to  separate  that  hollow 
from  the  surface  of  the  calvaria  which  is  overlain  by  the  scalp.     Above  the  level 
of  the  temporal  lines  the  surfaces  of  the  frontal  and  parietal  bones  are  smooth, 
the  latter  exhibiting  an  elevation  of  varying  prominence  and  position,  but  usually 
situated  about  the  centre  of  the  bone,  called  the  parietal  eminence  (tuber  parietale) 
A  sliglit  hollowing  of  the  surface  of  the  parietal  behind  and  parallel  to  the  coronal 
suture  is  not  uncommon,  and  is  referred  to  as  the  post-coronal  depression.    As 
seen  in  profile,  the  part  of  the  calvaria  behind  and  below  the  lambdoid  suture  is 
formed  by  the  tabular  part  of  the  occipital  bone.     In  line  with  the  zygomatic  arch 
this  outline  is  interrupted  by  the  external  occipital  protuberance  or  inion  (protuber- 
antia   occipitalis   externa).      The   projection  of  this  point   is   variable ;    but  its 
position  can  usually  be  easily  determined  in  the  living.     Passing  forwards  from 
it,  and  blending  anteriorly  with  the  posterior  border  of  the  mastoid  process  of  the 
temporal  bone,  is  a  rough  crest,  the  superior  curved  line  (linea  nuchas  superior),  a 
little  above  which  there  is  often  a  much  fainter  line,  the  highest  curved  line  (linea 
nuchas  suprema) ;  this  affords  attachment  to  the  epicranial  aponeurosis.     These  two 
lines  serve  to  separate  the  part  of  the  cranium  above,  which  is  covered  by  scalp, 
from  that  below,  which  serves  for  the  attachment  of  the  fleshy  muscles  of  the  back 
of  the  neck,  the  latter  surface  (planum  nuchale)  being  rough  and  irregular  as 
contrasted  with   the  smooth  superior  part  (planum  occipitale).      The  fulness  of 
these  two  parts  of  the  occipital  bone  varies  much.     There  is  frequently  a  pronounced 
bulging  of  the  planum  occipitale,  and  the  position  of  the  lambda  can  often  be 
easily  determined  in  the  living ;  similarly  the  planum  nuchale  may  be  either  com- 
paratively flat  or  else  full  and  rounded.     These  differences  are  of  course  associated 
with  corresponding  difierences  in  the  development  of  the  cerebral  and  cerebellar 
lobes  which  are  lodged  in  relation  to  the  internal  aspect  of  these  parts  of  the  bone. 
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The  further  description  of  the  planum  nuchale  is  best  deferred  till  the  base  of 
the  skull  (norma  basalis)  is  studied. 

Temporal  Fossa. — Within  the  limits  of  the  teuiporal  lines  the  side  of  the  cranium 
slopes  forwards^  inwards,  and  downwards,  thus  leaving  a  considerable  interval  between 
its  lower  part  and  the  zygomatic  arch.     This  space  or  hollow  is  called  the  temporal 
fossa  (fossa  temporalis) ;  bounded  above  and  behind  by  the  temporal  lines,  its  inferior 
limit  is  defined  by  the  level  of  the  zygomatic  arch.    Deepest  opposite  the  angle  formed 
by  the  frontal  and  temporal  processes  of  the  malar  bone,  the  fossa  becomes  shallow 
towards  its  circumference.     Its  Hoor,  which  is  slightly  concavo-convex  from  before 
backwards  about  mid-level,  is  formed  above  by  the  temporal  surface  (facies  temporalis) 
of  the  frontal,  behind  by  the  anterior  inferior  angle  (angulis  sphenoidalis)  of  the 
parietal,  as  weU  as  the  lower  portion  of  that  bone,  below  the  temporal  crest ;  below 
and  in  front  by  the  temporal  surface  of  the  great  wing  of  the  sphenoid,  and  behind 
and  below  by  the  squamous  portion  of  the  temporal  bone.     Inferiorly  the  floor  is 
limited  in  front  by  the  free  inferior  border  of  the  great  wing  of  the  sphenoid,  which 
forms  the  upper  boundary  of  the  spheno-Tnaxillary  fissure ;  behind  that,  by  a  rough 
ridge,  the  infratemporal  crest  or  pterygoid  ridge  (crista  infratemporalis),  which 
crosses  the  external  surface  of  the  great  wing  of  the  sphenoid,  to  become  con- 
tinuous posteriorly  with  a  ridge  on  the  lower  surface  of  the  squamous  temporal, 
from  which  the  anterior  root  of  the  zygomatic  process  springs.      In  front  the 
temporal  fossa  is  separated  from  the  orbit  by  the  external  angular  process  of  the 
frontal  above,  and  by  the  orbital  process  of  the  malar  and  its  junction  with  the 
external  border  of  the  great  wing  of  the  sphenoid  between  the  orbital  and  temporal 
surfaces  of  that  process.     Externally  and  in  front,  the  fossa  is  overhung  by  the 
backward  projection  of  the  frontal  process  of  the  malar  bone,  and  it  is  under  cover 
of  this,  and  within  the  angle  formed  by  the  frontal  and  orbital  processes  of  the  malar, 
that  we  see  the  opening  of  the  temporal  canal,  which  pierces  the  orbital  plate  of  the 
malar  and  transmits  the  temporal  branch  of  the  orbital  nerve — a  filament  of  the 
superior  maxillary  division  of  the  V  nerve.     The  forcrpart  of  the  spheno-mazillary 
fissure  (fissura  orbita  inferior)  opens  into  the  lower  part  of  the  temporal  fossa,  and 
thus  establishes  a  communication  between  it  and  the  orbit.     If  the  floor  of  the 
fossa  be  carefully  examined,  some  more  or  less  distinct  vascular  grooves  may 
be  seen.      One    passing   upwards    over    the    posterior    part    of    the    squamous 
temporal,  immediately  in  front  of  and  above  the  external  auditory  meatus,  is  for 
the  middle  temporal  artery ;  two  others,  usually  less  distinct,  pass  up,  one  over  the 
temporal  surface  of  the  great  wing  of  tlie  sphenoid,  the  other  over  the  fore-part  of 
the  squamous  temporal;  these  are  for  the  anterior  and  posterior  deep  temporal 
branches  of  the  internal  maxillary  artery.     The  fossa  contains  the  temporal  muscle 
with  its  vessels  and  nerves,  together  with  the  temporal  branch  of  the  orbital  nerve 
and  some  fat ;  all  of  which  are  enclosed  by  the  fascia  which  stretches  over  the  space 
from  the  upper  temporal  line  above  to  the  superior  border  of  the  zygomatic  arch 
below.     The  extent  of  the  fossa  depends  on  the  size  of  the  temporal  muscle, 
the  development  of  which  is  correlated  with  the  size  and  weight  of  the  lower  jaw. 

Springing  from  the  front  and  lower  part  of  the  squamous  temporal  is  the 
zygomatic  process  of  that  bone ;  it  has  two  roots,  an  anterior  and  a  posterior,  between 
and  below  which  are  placed  the  glenoid  fossa  (fossa  mandibularis)  in  front,  and  the 
opening  of  the  external  anditory  meatus  behind.  Of  compressed  triangular  form,  the 
process  at  first  has  its  surfaces  directed  upwards  and  downwards,  but  curving  out- 
wards and  forwards,  it  twists  on  itself,  so  that  its  narrowed  surfaces  are  now  turned 
outwards  and  inwards,  and  its  edges  upwards  and  downwards ;  passing  forwards,  it 
expands  somewhat,  and  ends  in  an  oblique  serrated  surface,  which  unites  with  the 
temporal  process  of  the  malar  bone  and  completes  the  zygomatic  arch.  It  is  the 
upper  edge  of  this  bridge  of  bone  which  forms  the  posterior  root.  The  lower  border, 
turning  inwards,  forms  the  anterior  root,  and  serves  to  separate  the  temporal  from 
the  zygomatic  surface  of  the  squamous  temporal,  blending  in  front  with  the  infra- 
tempoirail  crest  on  the  outer  surface  of  the  great  wing  of  the  sphenoid.  The  under 
surface  of  this  root  is  convex  from  before  backwards,  and  is  thrown  into  relief  by 
the  glenoid  hollow,  which  passes  up  behind  it.  In  this  way  a  downward  projection, 
which  is  called  the  eminentia  articnlaris,  is  formed. 
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The  alar  spine  of  the  sphenoid  (spina  angularis)  lies  immediately  to  the 
inner  side  of  the  articular  part  of  the  glenoid  fossa.  Its  size  and  projection  vary. 
It  is  well  to  remember  its  relation  to  the  condyle  of  the  lower  jaw  when  that  bone 
is  in  position ;  lying,  as  it  does,  to  the  inner  side  and  a  little  in  front  of  that  pro> 
cess,  it  affords  attachment  to  the  so-called  long  internal  lateral  ligament  (spheno- 
mandibular)  of  the  temporo-maxillary  articulation.  As  will  be  seen  hereafter,  the 
anterior  extremity  of  the  osseous  Eustachian  canal  lies  immediately  to  its  inner 
side  (p.  164).  A  noteworthy  feature  about  the  articular  part  of  the  glenoid  fossa 
is  the  thinness  of  the  bony  plate  which  serves  to  separate  it  from  the  middle 
cranial  fossa  above.  The  va^^inal  process  is  a  crest  of  bone  which  runs  obliquely 
forwards  from  the  front  and  inner  side  of  the  mastoid  process,  just  below  the 
external  auditory  meatus,  to  the  alar  spine  of  the  sphenoid.  Passing  downwards 
and  slightly  forwards  from  the  centre  of  this,  and  ensheathed  by  it  in  front  and 
at  the  sides,  is  the  pointed  styloid  process,  the  length  of  which  is  extremely  variable. 

In  the  recess  between  the  posterior  root  of  the  zygoma  and  the  upper  curved 
edge  of  the  meatus  there  is  usually  a  depression,  though  in  some  instances  this 
may  be  replaced  by  a  slight  bulging  of  the  bone.  If  from  the  posterior  root  of 
the  zygoma  a  vertical  line  be  let  fall,  tangential"  to  the  posterior  edge  of  the  meatus, 
a  small  triangular  area  is  mapped  off  which  has  been  named  by  Macewen  the  sapra- 
meatal  triangle.  Surgically  this  is  of  importance,  as  it  is  the  spot  selected  in  which 
to  trephine  the  bone  to  reach  the  mastoid  antrum  (see  p.  120). 

In  the  suture  between  the  posterior  border  of  the  mastoid-temporal  and  the 
tabular  plate  of  the  occipital,  there  is  usually  a  foramen  (mastoid)  for  the  trans- 
mission of  an  emissary  vein  from  the  lateral  sinus  within  the  cranium  to  the 
cutaneous  occipital  vein  of  the  scalp ;  this  opening,  which  may  be  double,  varies 
greatly  in  size,  and  is  usually  placed  on  a  level  with  the  external  auditory 
meatus. 

Zygomatic  Fossa. — The  side  of  the  cranium  in  front  of  the  anterior  root  of  the 
zygomatic  process  of  the  temporal  bone  is  deeply  hollowed,  forming  the  zygomatic 
or  infhitemporal  fossa  (fossa  iafratemporalis) ;  this  in  topographical  anatomy 
corresponds  to  the  pterygo-maxillary  region.  The  student  must  bear  m  miud 
that,  in  examining  this  space,  the  ramus  and  coronoid  process  of  the  lower 
jaw  form  its  outer  wall ;  but  this  bone  for  the  present  being  withdrawn,  enables  us 
to  get  a  better  view  of  the  boundaries  of  the  space.  In  front  its  anterior  wall 
is  formed  by  the  convex  posterior  or  zygomatic  siirfiAce  (facies  infratemporalis) 
of  the  superior  maxilla,  which  rises  behind  the  socket  for  the  last  molar  tooth  to 
form  the  tuberosity  (tu  ber-maxillare).  Anteriorly  the  zygomatic  surface  of  the  upper 
jaw  is  separated  from  its  facial  aspect  by  the  rounded  inferior  margin  of  the  malar 
or  zygomatic  process  which  supports  the  malar  bone.  This  latter  curves  outwards 
and  backwards,  forming  part  of  the  upper  and  anterior  wall  of  the  fossa.  On  the  inner 
surface  of  this  wall  will  be  seen  the  suture  uniting  the  malar  and  superior  maxillary 
bones  (sutura  zygomatico-maxillaris),  which  runs  obliquely  upwards  and  inwards 
to  reach  the  external  extremity  of  the  spheno-maxillary  fissure,  the  lower  border  of 
which  forms  the  superior  boundary  of  the  zygomatic  surface  of  the  upper  jaw.  On 
this  aspect  of  the  bone  are  to  be  seen  the  openings  of  the  posterior  dental  canals 
(foramina  alveolaria)  two  or  more  in  number,  which  transmit  the  nerves  and 
vessels  to  the  upper  molar  teeth.  The  inner  wall  of  the  zygomatic  fossa  \a  formed 
by  the  outer  surface  of  the  external  pterygoid  plate  (lamina  lateralis  processus 
pterygoidei),  the  width  and  shape  of  which  varies  greatly ;  its  posterior  border  is 
thin  and  sharp,  and  often  furnished  with  spiny  points,  to  one  of  which  the  pterygo- 
spinous  ligament,  which  stretches  from  this  border  to  the  alar  spine  of  the  sphenoid, 
is  attached.  It  occasionally  happens  that  this  ligament  becomes  ossified. 
Anteriorly  the  external  pterygoid  plate  is  separated  from  the  superior  maxilla 
above  by  an  interval  called  the  pterygo-maxillary  fissure.  Below  this  the  bones  are 
apparently  fused,  but  a  careful  inspection  of  the  skull,  together  with  an  examina- 
tion of  the  disarticulated  bones,  will  enable  the  student  to  realise  that,  wedged  in 
between  the  two  bones  at  this  point,  is  a  part  of  one  of  the  smaller  bones  of  the 
face,  the  tuberosity  of  the  palate  bone  (processus  pyramidalis  ossis  palatini). 

The  lower  border  of  the  external  pterygoid  plate  is. usually  curved  and  slightly 
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ererteA  Superiorly,  where  the  external  pterygoid  plate  is  generally  narrower,  it 
sweeps  upwards  to  become  continuous  with  the  broad  under  surface  of  the  great 
wing  of  the  sphenoid ;  this,  which  overhangs  in  part  the  zygomatic  fossa  superiorly, 
is  limited  above  by  the  infratemporal  crest  which  separates  its  zygomatic  from  its 
temporal  surface.  The  zygomatic  surface  of  the  great  wing  of  the  sphenoid  is 
limited  in  front  and  below  by  the  edge  which  forms  the  upper  boundary  of  the 
spheno-maxillary  fissure,  whilst  behind  it  reaches  as  far  back  as  the  inner 
extremity  of  the  Glaserian  fissure,  where  it  terminates  in  the  alar  spine.  It  is 
from  this  point  that  the  suture  (sutura  spheno-squamosa)  curves  forward  and 
upwards  to  reach  the  region  of  the  pterion.  The  infratemporal  or  zygomatic 
surface  of  the  great  wing  of  the  sphenoid,  and  the  outer  surface  of  the  external 
pterygoid  plate,  alike  afford  extensive  attachments  for  the  external  pterygoid 
muscle,  whilst  the  former  is  pierced  by  minute  canals  for  the  transmission  of 
emissary  veins.  Occasionally  a  larger  vascular  foramen  is  present  (foramen  Vesalii), 
through  which  a  vein  runs  from  the  cavernous  sinus  within  the  cranium  to  the 
pterygoid  venous  plexus  situated  in  the  pterygo-maxiUary  region.  Immediately 
Wlmid  the  root  of  the  external  pterygoid  plate  there  is  a  large  oval  hole,  the  foramen 
ovale,  and  behind  that,  and  in  line  with  the  alar  spine,  is  the  smaller  foramen 
spmosiim.  These  two  foramina  cannot  usually  be  seen  in  a  side  view  of  the  skull, 
and  are  better  studied  when  the  base  is  examined ;  they  are  mentioned,  however, 
because  they  transmit  structures  which  here  pass  from  and  enter  the  cranium,  viz. 
the  inferior  maxillary  division  of  the  fifth  nerve,  together  with  its  motor  root,  and 
the  small  meningeal  artery  through  the  foramen  ovale,  and  the  middle  meningeal 
artery  and  its  companion  veins  through  the  foramen  spinosum.  A  part  of  the 
8(|uamou8  temporal  also  forms  a  small  portion  of  the  roof  of  this  fossa ;  it  consists 
of  a  triangular  area  immediately  in  front  of  the  eminentia  articularis,  and  between 
it  and  the  anterior  root  of  the  zygomatic  process  of  the  temporal,  which  is  here 
curving  inwards  and  forwards,  to  become  continuous  with  the  infratemporal  crest. 
Internally  this  surface  is  continuous  with  the  zygomatic  surface  of  the  great  wing 
of  the  sphenoid,  separated  from  it,  however,  by  the  hinder  part  of  the  spheno- 
squamosal  sutura 

When  the  lower  jaw  is  in  position,  the  zygomatic  fossa  is  concealed  by  the 
ramus  of  the  mandible,  the  inner  surface  of  which,  in  its  upper  half,  forms  the  outer 
wall  of  that  space.  Viewed  from  the  outer  side,  the  ramus  of  the  inferior  maxilla 
displays  considerable  differences  in  different  skulls.  These  are  mainly  due  to  varia- 
tions in  its  width  and  in  the  nature  of  the  angle  which  it  forms  at  its  fusion  with 
the  body  of  the  bone.  A  considerable  interval  separates  the  posterior  border  of  the 
ramus  from  the  front  of  the  mastoid  process.  Within  this  space  may  be  seen  the 
free  inferior  edge  of  the  tymiMUiic  plate  (vaginal  process),  from  which,  just  below 
the  external  auditory  meatus,  the  styloid  process  of  the  temporal  bone  is  observed 
passing  downwards  and  slightly  forwards.  The  width  and  height  of  the  coronoid 
procees  vary  much,  oftentimes  reaching  the  level  of  the  top  of  the  condyle.  Its 
extremity,  when  the  lower  jaw  is  closed,  lies  just  within  the  fore-part  of  the  zygo- 
matic arch ;  at  other  times  it  rises  to  a  much  higher  level,  so  that  its  point  may  be 
seen  above  the  level  of  the  upper  border  of  the  zygomatic  arch.  The  posterior 
edge  of  the  coronoid  process  forms  the  anterior  border  of  the  sigmoid  notch,  and 
limits  in  front  the  interval  left  between  the  lower  border  of  the  posterior  half  of 
the  zygomatic  arch  and  the  upper  hollowed  edge  of  the  ramus.  On  looking  into 
this  interval,  the  floor  of  the  zygomatic  fossa  may  be  seen,  formed  anteriorly  by  the 
external  pterygoid  plate;  whilst  posteriorly  it  is  possible  to  pass  a  probe  right 
across  the  base  of  the  skull  from  one  sigmoid  notch  to  the  other,  the  shaft  of  the 
probe  lying  immediately  behind  the  pterygoid  processes  of  the  sphenoid,  and  cross- 
ing the  foramina  ovalia,  through  which  the  inferior  maxillary  divisions  of  the  fifth 
nerves  pasa 

The  ramnB  and  coronoid  process  are  so  placed  as  to  occupy  a  position  inter- 
mediate between  the  zygomatic  arch  externally  and  the  external  pterygoid  plate 
internally ;  their  inner  surface,  therefore,  forms  the  outer  wall  of  the  zygomatic  fossa. 
On  a  level  with  the  surface  of  the  crowns  of  the  teeth  of  the  lower  jaw,  and 
situated  about  the  middle  of  this  aspect  of  the  ramus,  is  the  inferior  dental  foramen 
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(foramen  maudibulare),  the  superior  openiog  of  the  inforior  dental  canal  (canalis 
mandibulie),  which  traverees  the  body  of  the  bone.  Through  this  foramen  there 
pass  the  interior  dental  branch  of  the  interior  maxillary  division  of  the  fifth  nerve, 
together  with  the  inferior  dental  artery  and  its  companion  veins.  As  will  now  1* 
seen,  when  the  lower  jaw  is  in  position,  the  zygomatic  fossa  is  closed  in  externally 
hy  the  ramus  of  the  maodible.  In  front  there  ia  an  interval  between  the  anterior 
border  of  the  ramua  and  the  zygomatic  surface  of  the  superior  maxilla,  through 
which  pass  the  buccal  branch  of  the  fifth  nerve  and  the  communicating  vein 
between  the  pterygoid  plexus  and  the  facial  vein.  Above,  in  the  interval  between 
the  sigmoid  edge  and  the  lower  border  of  the  zygomatic  arch,  there  pass  from  the 
fossa  the  vessels  and  nerves  which  supply  the  masseter  muscle.  Between  the 
posterior  border  of  the  ramus  and  the  styloid  process  there  enter  and  leave  the 
large  vessels  wjiich  are  found  within  the  space.  Superiorly,  under  cover  of  the 
zygomatic  arch,  the  zygomatic  fossa  communicates  with  the  temporal  fossa,  whilst 
inferiorly  it  is  continuous  with  the  inframaxillary  region.  Internally,  on  the 
floor  of  the  fosi^  there  is  an  f-sbaped  fissure,  the  horizontal  Umb  of  which 
corresponds  to  the  sidteno-maaillary  flasure,  forming  a  channel  of  communication 
between  the  fossa  and  the  orbit,  through  which  passes  the  orbital  branch  of  the 
superior  maxillary  division  of  the  fifth  nerve ;  whilst  the  vertical  clel't  is  the  pterygo- 
maTJllaiy  fiasnre,  which  leads  into  a  small  fossa  placed  between  the  front  of  the  tmi 
of  the  pterygoid  process  of  the  sphenoid  and  the  back  of  the  superior  maxilla,  called 
the  Bpheno-mazill&ry  fossa  (fosaa  pterygo-palatina). 

The  following  foramina  open  into   the  zygomatic  fossa — the  foramen  ovale, 
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foramen  spinosum,  posterior  dental  fommina,  inferior  dental  foramen,  minute 
foramina  for  the  transmission  of  emissary  veins;  of  these  one  of  large  siffi  is 
occasionally  present,  the  I'oramen  of  VesaliuB. 

Spheno-Mazillaty  Fossa.— This  space,  which  corresponds  to  the  angular  interval 
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between  the  pterygo-maxillarj  and  spheno-maxillary  fissures,  and  which  lies 
between  the  maxilla  in  front  and  the  root  of  the  pterygoid  process  behind,  is 
bounded  internally  by  the  vertical  plate  of  the  palate  bone,  which  separates  it 
from  the  nasal  cavity,  with  which,  however,  it  communicates  by  means  of  the 
spheno-palatine  foramen,  which  lies  between  the  orbital  and  sphenoidal  processes  of 
the  palate  bone  and  the  under  surface  of  the  body  of  the  sphenoid.  Opening 
into  this  fossa,  above  and  behind,  are  the  foramen  rotundum,  the  Vidian  canal  and 
the  pterygo-palatiue  canal  from  without  inwards,  whilst  below  is  the  superior 
orifice  of  the  posterior  palatine  canal,  together  with  openings  of  the  accessory 
posterior  palatine  canals.  Its  roof  is  formed  by  the  under  surface  of  the  body  of 
the  sphenoid  and  the  orbital  plate  of  the  palate  bone.  Anteriorly  it  lies  in  relation 
to  the  apex  of  the  orbit,  with  which  it  communicates  by  means  of  the  spheno- 
maxillary fissure ;  whilst  externally,  as  already  stated,  it  communicates  with  the 
zygomatic  fossa  through  the  pterygo-maxillary  fissure. 

Norma  Occipitalis. 

This  view  of  the  cranium  includes  the  posterior  halves  of  the  two  parietal 
bones  above,  the  tabular  part  of  the  occipital  bone  below,  and  the  mastoid  portions 
of  the  temporal  bones  on  either  side  inferiorly.  The  shape  of  this  aspect  of  the 
skull  varies  much,  but  ordinarily  the  greatest  width  corresponds  to  the  level  of  the 
parietcd  eminences.  The  sutures  on  this  view  of  the  calvaria  display  a  tri-radiate 
arrangement,  one  limb  of  which  is  vertical,  and  corresponds  to  the  posterior  part  of 
the  interparietal  or  sagittal  suture  (sutura  sagittalis).  The  other  two  limbs  pass 
outwards  and  downwards  in  the  direction  of  the  mastoid  processes,  uniting  the  two 
parietal  bones  in  front  with  the  occipital  bone  behind ;  these  constitute  the  A-shaped 
lambdoid  sntnre  (sutura  lambdoidea).  The  point  of  confluence  of  the  sagittal  and 
lambdoid  sutures  is  called  the  lambda.  This  can  generally  be  felt  in  the  living, 
owing  to  the  tendency  of  the  tabular  part  of  the  occipital  to  project  slightly 
immediately  below  this  spot.  About  one  inch  and  a  quarter  above  the  lambda  the 
two  small  parietal  foramina  (foramina  parietalia)  are  seen,  through  which  pass  the 
small  emissary  veins  of  Santorini,  which  connect  the  intracranial  venous  system 
with  the  superficial  veins  of  scalp.  These  small  holes  Lie  about  ^^  of  an  inch  apart 
on  either  side  of  the  sagittal  suture,  which  here,  for  the  space  of  about  an  inch, 
displays  a  simplicity  of  outline  in  striking  contrast  with  its  serrated  arrangement 
elsewhere.  The  term  obelion  is  applied  to  a  point  on  the  sagittal  suture  in  line 
with  the  two  parietal  foramina.  The  lambdoid  suture  is  characterised  by  great 
irregularity  of  outline,  and  not  unfrequently  chains  of  separated  ossicles  are  met 
with  in  it,  the  so-called  Wormian  bones.  The  tabular  part  of  the  occipital  bone  is 
divided  into  two  parts  by  the  superior  curved  line  (linea  nuchse  superior),  the 
central  part  of  which  forms  the  external  occipital  protuberance  (protuberantia 
occipitalis  exterior).  The  part  above,  called  the  occipital  surface  (planum  occipitale), 
comes  within  our  present  consideration ;  the  part  below,  the  nuchal  surface  (planum 
nuchale),  though  seen  in  perspective,  had  best  be  considered  when  the  base  is 
examined.  A  little  above  the  level  of  the  superior  curved  line  the  occipital  surface 
is  crossed  on  either  side  by  a  faint  lunated  line,  the  highest  curved  line  (linea 
nuchsB  suprema)  to  which  are  attached  the  occipitales  muscles  and  the  epicranial 
aponeurosis.  The  projection  of  the  occipital  surface  varies  much  in  individual 
skulls ;  most  frequently  it  overhangs  the  external  occipital  protuberance,  forming  a 
distinct  boss ;  exceptionally,  however,  the  latter  may  be  the  most  projecting  part  of 
the  bone.  The  extremity  of  the  superior  cui'ved  line  on  either  side  corresponds  to 
the  position  of  the  aBterion  (p.  154).  External  to  these  points  the  outline  of  the 
skull  is  determined  by  the  downward  projection  of  the  mastoid  processes,  the  inner 
surfaces  of  which  are  deeply  grooved  for  the  attachment  of  the  posterior  bellies  of 
the  digastric  muscles,  thus  causing  these  processes  to  appear  more  pointed  when 
\iewed  from  this  aspect. 

Norma  Vkrticalis. 
This  is  the  view  of  the  calvaria  as  seen  from  above.     It  is  liable  to  great 
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diversities  of  form.  Thus  its  shape  may  vary  from  an  elongated  oval  to  an  outline 
more  nearly  circular.  These  differences  have  been  classified,  and  form  important 
distinctions  from  a  craniometrical  standpoint  (p.  178),  the  rounder  varieties  being 
termed  the  brachyceplialic,  whilst  the  elongated  belong  to  the  dolichoceplialic  group. 
Another  noteworthy  point  in  this  view  is  the  fact  that  in  some  instances  the 
zygomatic  arches  are  seen,  whilst  in  others  they  are  concealed  by  the  overhang 
and  bulge  of  the  sides  of  the  fore-part  of  the  cranium.  The  former  condition  is 
described  as  phoenozygoos,  the  latter  as  cryptosygous,  and  each  is  more  or  less  closely 
associated  with  the  long  or  round  varieties  of  head-form  respectively. 

The  sutures  displayed  have  a  T-shaped  arrangement.  Placed  mesially  between 
the  two  parietal  bones  is  the  sagittal  suture.  This  is  finely  denticulated,  except  in 
the  region  of  the  obelion,  though,  of  course,  this  will  not  be  apparent  if  obliteration 
of  the  suture  has  taken  place  through  fusion  of  the  two  parietal  bones.  Posteriorly 
the  sagittal  suture  unites  with  the  lambdoid  suture  at  the  lambda,  which  marks 
in  the  adult  the  position  of  the  posterior  fontanelle  of  the  foetus.  Anteriorly  il 
terminates  by  joining  the  transverse  suture  which  separates  the  frontal  bone 
anteriorly  from  the  parietals  behind ;  this  latter  is  called  the  coronal  sntore,  and  the 
point  of  junction  between  the  sagittal  and  coronal  sutures  is  known  as  the  brognui 
which  corresponds  in  position  to  the  anterior  fontanelle  of  the  foetus.  The  summit 
of  the'  vault  of  the  calvaria  corresponds  to  a  variable  point  in  the  line  of  the  sagittal 
suture,  and  is  named  the  vertex.  The  coronal  suture  is  less  denticulated  centrally  than 
laterally.  Occasionally  there  is  a  persistence  of  the  suture  which  unites  the  two 
halves  of  the  frontal  bone ;  under  these  conditions  the  line  of  the  sagittal  suture  is 
carried  forward  to  the  fronto-nasal  suture,  and  a  skull  displaying  this  peculiarity  is 
described  as  metopic.  Behind  the  coronal  suture  may  occasionally  be  seen  the 
post-coronal  depression  (p.  154),  and  in  some  instances  the  vault  of  the  calvaria  forms 
a  broad,  slightly  elevated  crest  along  the  line  of  the  sagittal  suture.  On  either 
side,  the  temporal  ridges  can  be  seen  curving  over  the  lateral  and  superior  aspects 
of  the  parietal  bones.  As  the  lower  of  these  crosses  the  coronal  suture  in  front  it 
marks  a  spot  known  as  the  stephanion,  useful  as  affording  a  fixed  point  from  which 
to  estimate  the  bi-stephanic  diameter.  The  interval  between  the  temporal  ridges 
on  either  side  will  vary  according  to  the  form  of  the  skull  and  the  development  of 
the  temporal  muscle.  In  this  view  of  the  calvaria  a  small  part  of  the  lambdoid 
suture  on  either  side  of  the  lambda  is  visible  posteriorly. 

Norma  Basalts. 

The  base  of  the  cranium — i.e.  the  skull  without  the  mandible — includes  a  descrip- 
tion of  the  under  surfaces  of  the  skeleton  of  the  face  (cranium  vise^rale)  and  the 
cranium  (cranium  cerebrale).  The  former  includes  the  hard  palate  formed  by  the 
superior  maxillse  and  palate  bones,  the  superior  dental  arch,  and  the  bodies  of  the 
superior  Tnaxillm  as  seen  from  below ;  whilst  externally,  and  united  with  the  bodies  of 
the  superior  maxilla,  the  malar  bones  are  displayed,  curving  backwards  to  form  the 
anterior  halves  of  the  zygomatic  arches.  In  the  middle  line,  passing  from  the  upper 
surface  of  the  hard  palate,  is  the  osseous  septum  of  the  nose,  here  formed  by 
the  vomer,  which  is  united  above  to  the  under  surface  of  the  body  of  the 
sphenoid. 

The  under  surface  of  the  cranium  is  pierced  by  the  foramen  magnum  for  the 
transmission  of  the  spinal  cord  and  its  membranes.  In  front  of  this  a  stout  bar  of 
bone  extends  forwards  in  the  middle  line,  formed  by  the  union  of  the  body  of  the 
sphenoid  in  front  with  the  basilar  process  of  the  occipital  bone  behind.  In  adult 
skulls  all  trace  of  the  fusion  of  these  two  bones  has  disappeared ;  when  union  is  in- 
complete, it  indicates  that  the  skull  is  that  of  a  person  below  the  age  of  twenty-five- 
The  sphenoid  comprises  that  part  of  the  calvaria  which  forms  the  roof  and  sides  of 
the  apertures  which  lie  on  either  side  of  the  nasal  septum  above  the  hard  palate 
— the  choans  or  posterior  nares.  Laterally  the  under  surfaces  of  the  gte&t 
sphenoidal  wings  extend  as  far  forward  as  the  posterior  border  of  the  spheno- 
maxillary fissure ;  whilst  posteriorly  they  reach  as  far  as  the  alar  spine,  external  to 
"hich  the  spheno-squamosal  suture,  separating  the  great  wing  of  the  sphenoid  froni 
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the  squamous  portion  of  the  temporal,  curves  forwards  and  upwards,  internal  to  the 
emineutia  articularis,  to  reach  the  floor  of  the  temporal  fossa,  along  which  its  course 
12 
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has  been  already  traced  (p.  155).  On  a  level  with  the  front  of  the  foramen 
magnum  the  jugular  process  of  the  occipital  bone  forms  an  irregular  curved  border, 
which  sweeps  outwards  to  terminate  at  a  point  just  internal  to  the  root  of  the 
styloid  procesa  Here,  in  line  with  the  spheno-squamosal  suture,  from  which,  how- 
ever, it  is  separated  by  a  considerable  interval,  its  extremity  turns  backwards,  and 
may  be  treiced  at  first  internal  to,  and  then  turning  upwards,  behind  the  mastoid 
process  of  the  temporal  bone,  separated  from  this  latter  by  the  occipito-mastoid 
suture.  The  bone  behind  the  foramen  magnum,  which  is  included  between  the 
two  occipito-mastoid  sutures,  comprises  the  nuchal  surface  of  the  tabular  portion  of 
the  occipital  bone,  an  area  which  is  limited  behind  by  the  superior  curved  line 
which  separates  it  from  the  occipital  surface  of  the  same  bone.  The  remaining 
portions  of  the  base  of  the  calvaria,  as  at  present  exposed,  are  formed  by  the 
squamous  and  tympanic  portions  of  the  temporal  bone  together  with  the  petro-mastoid 
part  of  the  same  bone,  the  latter  of  which  is  wedged  in  between  the  great  wing  of 
the  sphenoid  in  front  and  the  occipital  bone  behind.  Stretching  forwards  from  the 
squamous  temporal  in  front  is  seen  the  zygomatic  process  which,  by  its  union  with 
the  malar,  completes  the  formation  of  the  zygomatic  arch. 

Studying  next  the  various  parts  in  detail,  the  hard  palate  (palatum  durum)  may 
be  first  examined.  Of  horse-shoe  shape  as  a  rule,  it  presents  many  varieties  of  out- 
line and  size.  Formed  by  the  palatal  processes  (processus  palatini)  of  the  superior 
maxillsB  in  front  and  the  horizontal  plates  (partes  horizontales)  of  the  palate  bones 
behind,  its  circumference  in  front  and  at  the  sides  corresponds  to  the  superior 
alveolar  arch,  in  which  are  embedded  the  sixteen  teeth  of  the  upper  jaw; 
posteriorly  the  edge  of  the  hard  palate  is  thin,  ending  mesially  in  a  pointed 
process,  the  posterior  nasal  spine  (spina  nasalis  posterior),  on  either  side  of  which  the 
posterior  free  border  is  sharp  and  lunated.  The  vault  of  the  palate,  which  is 
concave  from  side  to  side,  and  from  before  backwards,  varies  in  depth  according  to 
the  projection  and  development  of  the  alveolar  processes.  When  the  teeth  are  shed 
and  the  alveoli  are  absorbed,  the  palate  becomes  shallow  and  flat.  Bunning 
throughout  its  entire  length  in  the  middle  line  is  the  middle  palatine  suture 
(sutura  palatina  mediana),  which  separates  the  palatal  processes  of  the  superior 
maxillse  in  front  and  the  horizontal  plates  of  the  palate  bones  behind.  A  little 
behind  the  central  incisor  teeth,  and  in  the  line  of  this  suture,  is  a  little  pit,  the 
anterior  palatine  canal  or  fossa  (foramen  iucisivum).  At  the  bottom  of  this  may  be 
seen  the  openings  of  some  small  canals,  varying  in  number  from  one  to  four ;  these 
are  usually  described  as  arranged  in  two  pairs,  the  one  pair  placed  side  by  side, 
the  other  lying  mesially  in  front  and  behind.  The  former  are  called  the  incisor 
foramina,  or  foramina  of  Stenson,  and  transmit  the  terminal  twigs  of  the  superior 
or  descending  palatine  arteries  which  ascend  to  reach  the  nasal  fossae.  The  latter, 
called  the  foramina  of  Scarpa,  open,  the  anterior  into  the  left,  the  posterior  into  the 
right  nasal  fossa,  and  afford  passage  for  the  fine  filaments  of  the  left  and  right  naso- 
palatine nerves  respectively.  About  half  an  inch  (12  mm.)  in  front  of  the  posterior 
nasal  spine  the  middle  palatine  suture  is  crossed  at  right  angles  by  the  transverse 
palatine  suture  (sutura  palatina  transversa).  This,  which  indicates  the  line  of 
union  of  the  palatal  processes  of  the  superior  maxillae  with  the  horizontal  plates  of 
the  palate  bones,  passes  transversely  outwards  on  either  side  until  it  reaches  the 
inner  aspect  of  the  base  of  the  alveolar  process,  along  which  it  turns  backward,  to 
disappear  within  the  posterior  palatine  canal  (foramen  palatinum  majus),  the  aperture 
of  which  lies  immediately  internal  to  the  root  of  the  wisdom  molar.  Through  this 
there  pass  the  superior  or  descending  palatine  artery  and  the  large  descending 
palatine  nerve.  Leading  from  this  foramen  is  a  groove  which  curves  forward  im- 
mediately to  the  inner  side  of  the  alveolar  arch ;  not  unfrequently  the  inner  edge 
of  this  groove  forms  a  thin  and  sharp  ridge  on  the  surface  of  the  palate.  In  this 
groove  are  lodged  the  aforementioned  vessels  and  nerves.  The  surface  of  the  palate 
in  front  of  the  transverse  suture  is  rough,  pitted  for  the  palatine  glands,  and  pieroed  by 
numerous  small  vascular  foramina ;  the  part  of  the  palate  behind  the  suture,  formed 
by  the  under  surface  of  the  horizontal  plate  of  the  palate  bone,  is  much  smoother. 
From  this  there  rises,  just  posterior  to  the  orifice  of  the  posterior  palatine  canal,  a 
thin  sharp  crest  which  curves  inwards  immediately  in  front  of  the  posterior  free 
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edge;  to  this  are  attached  some  of  the  tendinous  fibres  of  the  tensor  palati 
muscle. 

Pterygoid  Processes. — Buttressed  against  %he  hinder  extremities  of  the  alveolar 
arch  are  the  pterygoid  processes  of  the  sphenoid.     If  carefully  examined,  these 
will  be  seen  not  to  lie  in  actual  contact  with  the  maxillae,  but  to  be  separated  from 
them  by  the  triangular  wedge-shaped  tuberosities  (proc.  pyramidales)  of  the  palate 
bones.     It  is  these  latter  which  are  pierced  by  the  posterior  and  external  accesBory 
palntine  canals  (foramina  palatina  minora)  which  He  just  behind  the  posterior  pala- 
tine canal,  and  through  which  pass  the  lesser  palatine  nerves.    As  here  displayed, 
the  pteiygoid  processes  (processus  pterygoidei)  of  the  sphenoid  lie  on  either  side  of 
the  opening  of  the  posterior  nares ;  each  consists  of  two  plates,  an  internal  (lamina 
medialis)  and  an  external  (lamina  lateralis);  the  latter  is  the  broader,  and  is 
directed  backwards  and  sUghtly  outwards.    Its  external  surface  has  been  already 
studied  in  connexion  with  the  zygomatic  fossa  (p.  156).     Internally  it  is  separated 
from  the  inner  pterygoid  plate  by  the  pterygoid  fossa  (fossa  pterygoidea),  wherein 
is  lodged  a  considerable  part  of  the  internal  pterygoid  muscle.     The  floor  of  the 
fossa  is  formed  in  greater  part  by  the  coalescence  of  the  two  pterygoid  plates ;  but 
at  the  level  of  the  hard  palate  the  tuberosity  of  the  palate  bone  appears  wedged  in 
between   the  two  plates,  and  so  enters  into  the  formation  of  the  floor  of  the 
pterygoid  fossa.     The   internal  pterygoid  plate    separates  the   nasal   from  the 
pterygoid  fossa ;  to  the  hinder  edge  of  the  internal  pterygoid  plate  are  attached  the 
pharyngeal  aponeurosis,  the  superior  constrictor  of  the  pharynx,  and  the  palato- 
pharyngeus  muscle.     Above,  the  posterior  border  of  this  plate  is  channelled  to 
form  the  small  scaphoid  fossa  (fossa  scaphoidea),  which  curves  outwards  over  the 
summit  of  the  pterygoid  fossa,  and  furnishes  a  surface  for  the  origin  of  the  tensor  palati 
muscle.     The  sharp  inner  margin  of  this  fossa,  continuous  below  with  the  posterior 
border  of  the  internal  pterygoid  plate,  extends  upwards,  and  on  either  side  of  the 
body  of  the  sphenoid  forms  a  blunt  pointed  process,  the  pterygoid  tubercle,  which 
extends  backwards  towards  the  apex  of  the  petrous  part  of  the  temporal  bone. 
Just  external  to  this,  and  concealed  by  it,  is  the  hinder  extremity  of  the  Vidian 
canal  (canalis  Vidianis),  through  which  pass  the  Vidian  vessels  and  nerve.     The 
inner  surface  of  the  internal  pterygoid  plate  is  directed  towards  the  nasal  fossse. 
Superiorly  this  surface  curves  inwards  to  meet  the  under  surface  of  the  body  of  the 
sphenoid,  forming  on  either  side  a  lipped  edge,  the  vaginal  process  (processus  vaginalis), 
between  which  the  alae  of  the  vomer,  which  here  forms  the  nasal  septum,  are 
wedged.     Between  the  two  a  smaU  interval,  however,  is  occasionally  left,  which  forms 
on  either  side  the  basi-pharyngeal  canal.     A  little  external  to  the  line  of  union  of 
the  vaginal  process  with  the  vomer  is  the  opening  of  the  pterygo-palatine  canal 
(canalis  pharyngeus).     This  lies  between  the  under  surface  of  the  vaginal  process 
and  the  sphenoidal  process  of  the  palate  bone,  which  here  articulates  with  the 
inferior  surface  of  the  body  of  the  sphenoid.      The  pharyngeal  branch  of  the 
spheno-palatine  ganglion  and  the  pterygo-palatine  artery  pass  through  this  canal. 
Inferiorly  the  pterygoid  processes  project  below  the  level  of  the  hard  palate.     The 
inner  plate  ends  in  a  slender  recurved  process,  called  the  hamnlar  process  (hamulus 
jfterygoideus),  which  turns  backwards  and  outwards ;  this  is  frequently  broken  off  in 
skulls  which  have  been  roughly  handled.     It  reaches  as  low  as  the  level  of  the 
alveolar  margin,  and  lies  just  within  and  behind  the  posterior  extremity  of  the 
alveolar  process.     It  can  readily  be  felt  in  the  living  by  placing  the  finger  against 
the  soft  palate  behind  and  just  within  the  gum  around  the  root  of  the  wisdom 
tooth.     On  the  front  of  and  below  this  process  the  tendon  of  the  tensor  palati 
muscle  ghdes  in  a  groove. 

The  posterior  nares  (choanae)  lie  within  and  between  the  pterygoid  processes. 
Of  a  shape  much  resembling  two  Gothic  windows,  their  bases  or  inferior  boundaries 
are  formed  by  the  horizontal  plates  of  the  palate  bone.  Externally  they  are 
lK>unded  by  the  inner  surfaces  of  the  internal  pterygoid  platas,  whilst  above,  the 
outer  side  of  the  arch  is  formed  by  the  vaginal  processes  of  the  same  plate ;  intern- 
ally they  are  separated  by  the  thin  vertical  posterior  border  of  the  vomer,  whilst 
above  the  everted  alse  of  the  same  bone  form  the  inner  sides  of  the  arch.  The 
plane  of  these  apertures  is  not  vertical  but  oblique,  corresponding  usually  to  a 
12a 
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line  drawn  from  the  bregma  above  through  the  last  molar  tooth  of  the  upper 
jaw  below.  Their  size  varies  considerably,  but  the  height  is  usually  equal  to  twice 
the  width.  • 

The  region  of  the  cranium  which  lies  external  to  the  superior  maxilla  and 
external  pterygoid  plate  corresponds  to  the  zygomatic  fossa,  which  has  been  already 
described  as  seen  from  the  side  (norma  lateralis,  p.  156).  Viewed  from  below,  the 
zygomatic  fossa  is  bounded  in  front  by  the  posterior  surface  of  the  body  of  the 
superior  maxilla  and  the  internal  surface  of  the  malar  bone.  The  roof,  which  is 
traversed  by  the  spheno-squamosal  suture,  is  formed  in  front  by  the  under  surface 
of  the  great  wing  of  the  sphenoid,  and  behind  by  a  small  triangular  surface  of  the 
under  side  of  the  squamous  part  of  the  temporal  bone  immediately  in  front  of  the 
eminentia  articidaris. 

Circumscribed  externally  and  behind  by  the  anterior  root  of  the  zygoma,  which 
curves  forward  to  become  continuous  in  front  with  the  infra-temporal  crest  crossing 
the  external  surface  of  the  great  wing  of  the  sphenoid,  the  roof  of  the  fossa  is 
separated  from  its  anterior  wall  by  the  spheno-mazillary  fissure,  which  is  so  inclined 
that  with  its  fellow  of  the  opposite  side  it  forms  an  angle  of  90°.  Superiorly  the 
zygomatic  fossa  communicates  freely  with  the  temporal  fossa  beneath  the  zygo- 
matic arch,  though  the  student  must  tear  in  mind  the  fact  that  when  the  inferior 
maxilla  is  in  position  the  external  limits  of  the  space  are  very  much  reduced  (p.  160). 

The  under  surface  of  the  great  wing  of  the  sphenoid  is  here  V-shaped.  The 
angle  corresponds  to  the  spine,  the  outer  limb  to  the  spheno-squamosal  suture, 
whilst  the  inner  limb  corresponds  to  a  narrow  cleft,  the  fissura  spheno-petroea, 
which  separates  it  from  the  petrous,  portion  of  the  temporal  bone  to  which  it  is 
united  in  the  recent  condition  by  a  synchondrosis.  Along  the  line  *of  this  latter 
fissure  the  edges  of  the  adjacent  bones  (sphenoid  and  petrous  temporal)  are 
bevelled  so  as  to  form  a  groove,  which  extends  from  the  root  of  the  inner  pterygoid 
plate  internally,  to  the  inner  side  of  the  base  of  the  alar  spine  externally,  where 
the  groove  ends  by  entering  an  osseous  canal.  In  the  groove  (sulcus  tubae  auditivse) 
is  lodged  the  cartilaginous  part  of  the  Eustachian  tube,  whilst  the  osseous  canal 
includes  the  bony  part  of  the  same  tube,  together  with  the  tensor  tympani  muscle, 
which  is  lodged  in  a  separate  compartment  immediately  above  it.  The  anterior 
extremity  of  the  cartilaginous  part  of  the  Eustachian  tube  is  supported  by  the 
posterior  edge  of  the  internal  pterygoid  plate,  which  is  often  notched  for  its  recep- 
tion. Between  the  root  of  the  external  pterygoid  plate  and  the  alar  spine  there 
are  two  foramina  which  lie  immediately  in  front  of  the  sulcus  tubse  auditivae. 
Of  these  the  larger  and  anterior  is  the  foramen  OTsle,  through  which  pass  the 
motor  root  and  inferior  maxillary  division  of  the  fifth  nerve,  together  with  the 
small  meningeal  artery.  The  smaller,  which  from  its  position  immediately  in 
front  of  the  alar  spine  is  called  the  foramen  spinosam,  transmits  the  middle  menin- 
geal artery  and  sympathetic  plexus  surrounding  that  vessel.  The  lesser  superficial 
petrosal  nerve  here  passes  through  the  base  of  the  skull  to  join  the  otic  ganglion 
either  through  a  small  foramen  (canalis  innominatus)  placed  between  the  foramen 
ovale  and  the  foramen  spinosum,  or  through  the  foramen  ovale  or  through  the 
spheno-petrosal  fissure.  The  position  of  the  suture  between  the  basi-occipital  and 
basi-sphenoid  corresponds  to  a  line  connecting  the  tips  of  the  pterygoid  tubercles  at 
the  root  of  the  infernal  pterygoid  plates. 

Occasionally  in  the  centre  of  this  line  there  is  a  small  pit  with  a  foramen  leading  from  it    This 
probably  represents  the  lower  end  of  the  cranio-pharyngeal  canaL 

The  under  surface  of  the  basi-occipital  (pars  basilaris)  stretches  between  the 
body  of  the  sphenoid  in  front  and  the  anterior  margin  of  the  foramen  magnum 
behind ;  projecting  from  its  centre  is  a  slight  elevation,  the  pharyngeal  tubercle 
(tuberculum  pharyngeum),  to  which  the  pharyngeal  aponeurosis,  together  with  the 
central  part  of  the  anterior  occipito-atlantal  ligament,  is  attached.  It  should  be 
noted,  that  when  the  atlas  is  in  position  the  pharyngeal  tubercle  lies  in  line  with 
the  tubercle  on  the  anterior  arch  of  that  bone.  Curving  outwards  and  backwards 
from  the  pharyngeal  tubercle,  on  either  side,  is  an  irregular  ridge  (crista  muscularis), 
in  front  and  behind  which  are  attached  the  rectus  capitis  anticus  major  and  minor 
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muscles.  On  either  side  of  the  basi-occipital,  in  front,  there  is  an  irregular  opening 
of  variable  size ;  this  is  placed  between  the  root  of  the  pterygoid  process  anteriorly, 
the  apex  of  the  petrous  portion  of  the  temporal  bone  externally,  and  the  outer 
edge  of  the  basi-occipital  and  basi-sphenoid  internally.  It  is  called  the  foramen 
lacemm  medium.  Opening  into  it  in  front,  just  external  to  the  pterygoid  tubercle, 
is  the  Vidian  canal,  whilst  in  correspondence  with  the  apex  of  the  petrous  temporal 
the  large  orifice  of  the  carotid  canal  may  be  seen  entering  it  behind  and  from  the 
outer  side.  In  the  recent  condition  the  lower  part  of  the  foramen  lacerum  is 
occupied  by  fibro-cartilage,  over  the  upper  surface  of  which  the  internal  carotid 
artery  and  great  superficial  petrosal  nerve  pass  to  reach  their  respective  foramina, 
whilst  a  small  meningeal  branch  of  the  ascending  pharyngeal  occasionally  enters 
the  cranium  through  it.  Leading  outwards  from  the  foramen  lacerum  in  the 
direction  of  the  alar  spine  of  the  sphenoid  is  the  spheno- petrosal  fissure,  which  lies 
at  the  bottom  of  the  sulcus  tuba  aaditiv»,  and  disappears  from  view  within  the 
bony  Eustachian  canaL  Passing  backwards  from  the  foramen  lacerum  there  is  a 
fissure  between  the  outer  side  of  the  basi-occipital  and  the  posterior  and  inner 
border  of  the  petrous  part  of  the  temporal  bone.  This,  which  is  called  the  petro- 
occipital  fissure  (fissura  petro-occipitalis),  opens  posteriorly  into  the  jugular  foramen. 
In  the  recent  condition  the  fissure  is  fiUed  up  with  cartilage.  The  under  surface 
of  the  i)etrous  bone  included  between  these  two  fissures  is  rough  and  irregular,  and 
affords  attachments  near  its  apex  to  two  small  muscles,  the  levator  palati  and  the 
tensor  tympanL  Immediately  behind  the  alar  spine  the  petrous  temporal  is 
pierced  by  a  circular  hole,  the  inferior  opening  of  the  carotid  canal  (canalis  caroticus). 
This  passes  upwards,  and  then  turns  inwards  and  forwards  towards  the  apex  of  the 
bone,  where  it  may  again  be  seen  opening  into  the  outer  and  upper  side  of  the 
foramen  laceruBL  Externally  the  wall  of  the  vertical  part  of  this  canal  which  is 
usually  very  thin,  separates  it  from  the  cavity  of  the  tympanum,  as  may  be  seen  by 
holding  the  skull  up  to  the  light  and  looking  into  the  external  auditory  meatus 
(p.  118).  The  carotid  canal  transmits  the  internal  carotid  artery,  together  with 
the  sympathetic  plexus  around  it.  It  is  noteworthy  that  the  two  carotid  canals 
lie  in  line  with  the  anterior  edges  of  the  two  external  auditory  meatuses. 

The  jugular  foramen  is  an  opening  of  irregular  shape  and  size  placed  between 
the  petrous  temporal  in  front  and  the  jugular  process  of  the  occipital  bone 
behind.  The  former  is  excavated  into  a  hollow  called  the  jugular  fossa,  which  forms 
a  roof  to  the  upper  and  outer  part  of  the  space,  whilst  the  latter,  by  a  curved  edge, 
either  rounded  or  sharp,  constitutes  its  posterior  border.  There  is  often  considerable 
difference  in  the  size  of  the  jugular  foramina ;  that  on  the  right  side  (with  the  skuU 
in  its  normal  position)  is  usually  the  larger.  The  foramen  is  occasionally  sub- 
divided into  two  by  spicules  of  bone  which  bridge  across  it.  Lodged  within  the 
fossa  is  the  sinus  of  the  internal  jugular  vein,  in  front  of  which  the  inferior  petrosal 
sinus  passes  down  to  join  the  internal  jugular  vein  below  the  foramen.  Effect- 
ing an  exit  between  the  two  veins,  in  order  from  before  backwards,  are  the  glosso- 
pharyngeal, pneumogastric,  and  spinal  accessory  nerves.  Small  meningeal  branches 
from  the  ascending  pharyngeal  and  occipital  arteries  also  enter  the  foramen.  The 
two  jugular  foramina  lie  in  line  with  a  line  drawn  through  the  centres  of  the  two 
external  auditory  meatuses.  Following  the  direction  of  a  line  connecting  the  alar 
spine  of  the  sphenoid  and  the  mastoid  process  of  the  temporal,  and  placed  immedi- 
ately external  to  the  apertures  of  the  carotid  canal  and  jugular  foramen,  is  the 
▼aginal  process  of  the  tympanic  plate  of  the  temporal  bone,  the  edge  of  which  is 
sharp  and  thin,  and  serves  to  separate  the  under  surface  of  the  petrous  temporal 
from  the  non-articular  part  of  the  glenoid  fossa.  Springing  from  this  crest  im- 
mediately external  to  the  jugular  fossa,  and  in  Une  with  the  middle  of  the  external 
auditory  meatus,  is  the  styloid  process  (processus  styloideum)  of  the  temporal  bone 
(p.  116).  Its  relation  to  the  jugular  foramen  is  of  great  importance,  as  the  internal 
jugular  vein  lies  immediately  to  its  inner  side. 

Immediately  behind  the  root  of  the  styloid  process,  internal  to  and  in  line  with 

the  front  of  the  mastoid  process,  is  the  stylo-mastoid  foramen  (foramen  stylo- 

mastoideum),  the  lower  aperture  of  the  aquaeductus  Fallopii  through  which  the  facial 

nerve  passes  out  and  the  stylo-mastoid  branch  of  the  posterior  auricular  artery 
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passes  in.  The  inner  surface  of  the  mastoid  process  is  deeply  grooved  at  its  base 
for  the  origin  of  the  posterior  belly  of  the  digastric  muscle.  Internal  to  this,  and 
running  along,  just  wide  of  the  occipito-mastoid  suture,  is  a  shallow  groove  in  which 
the  occipital  artery  is  lodged.  Immediately  internal  to  the  stylo-mastoid  foramen 
is  the  synchondrosis  between  the  extremity  of  the  jugular  process  (processus 
jugularis)  of  the  occipital  bone  and  the  petrous  temporal.  The  former  is  a  bar  of 
bone  which  limits  the  jugular  fossa  posteriorly  and  abuts  on  the  occipital  condyles 
internally ;  its  under  surface  is  convex  from  before  backwards  and  affords  attachment 
to  the  rectus  lateralis  muscle.  The  occipital  condyles  (condyli  occipitales)  are 
placed  between  the  jugular  processes  and  the  foramen  magnum.  Limited  in  front 
by  a  rounded  thickening  which  becomes  confluent  with  the  anterior  border  of  the 
foramen  magnum,  they  form  by  their  inner  sides  the  lateral  boundaries  of  that 
aperture  on  its  anterior  half.  Externally  they  are  continuous  with  the  jugular 
processes,  in  front  of  which  they  overhang  a  fossa  which  is  pierced  behind  by  the 
anterior  condylic  foramen  (canalis  hypoglossi),  through  which  passes  the  hypoglossal 
nerve,  together  with  a  small  vein  and  occasionally  a  small  meningeal  branch 
derived  from  the  ascending  pharyngeal  artery. 

The  posterior  condylic  fossa  are  situated  just  behind  the  posterior  extremities  of 
the  condyles.  Not  unfrequently  their  floor  is  pierced  by  the  posterior  condylic 
foramen  (canalis  condyloideus),  through  which  the  posterior  condylic  vein  emerges. 
The  base  of  the  skull  behind  the  jugular  processes  and  condyles  of  the  occipital 
bone  is  formed  by  the  nuchal  surface  (planum  nuchale)  of  the  tabular  plate  of  that 
bone.  Posteriorly  this  surface  is  bounded  by  the  superior  curved  line,  in  the  centre 
of  which  is  placed  the  projecting  external  occipital  protuberance.  Laterally  the 
tabular  plate  is  separated  from  the  mastoid  portion  of  the  temporal  bone  by  the 
occipito-mastoid  suture,  which  curves  backwards  and  outwards,  from  the  extremity 
of  the  jugular  process  in  front,  around  the  base  of  the  mastoid  process  behind.  In 
front  and  in  the  middle  line  this  plate  of  bone  is  pierced  by  the  foramen  magnum, 
the  anterior  half  of  which  has  been  already  seen  to  lie  between  the  occipital 
condyles.  Usually  of  oval  form,  though  in  some  cases  it  tends  to  approach  the 
circular,  the  plane  of  this  opening  is  inclined  downwards  and  slightly  forwards. 
The  extreme  anterior  edge  of  the  foramen  is  sometimes  called  the  basion,  whilst  the 
extreme  posterior  margin  is  termed  the  opistluon.  The  lower  border  of  the  medulla 
oblongata,  where  it  be^mes  continuous  with  the  spinal  cord,  is  lodged  within  the 
foramen,  together  with  the  meninges  which  cover  it,  whilst  the  vertebral  arteries 
and  the  spinal  portions  of  the  spinal  accessory  nerves  pass  upwards  through  it. 
The  anterior  and  posterior  spinal  arteries,  some  small  veins,  and  the  roots  of  the 
first  cervical  nerves,  also  traverse  it  from  above  downwards. 

The  student  will,  no  doubt,  experience  considerable  difficulty  in  l»earing  in  mind  the  relative 
positions  of  the  various  foramina  and  processes  which  he  has  studied  on  the  under  surface  of  the 
base  of  the  skulL 

If  a  line  be  drawn  on  either  side  from  the  anterior  palatine  canal  in  front,  through  the  stylo- 
mastoid foramina  posteriorly,  it  will  be  found  to  cut  or  pass  near  to  the  following  objects :— On 
the  hard  palate  it  will  lie  close  to  the  posterior  and  accessory  palatine  canaLs.  It  will  then  pass 
between  tne  hamular  process  and  the  external  pterygoid  plate  overlying  the  foramen  ovale,  the 
foramen  spinosum,  the  opening  of  the  osseous  Eustachian  canal  and  the  spine  of  the  sphenoid ; 
behind  this  it  will  cut  through  the  root  of  the  styloid  process  and  define  externally  the  limits  of 
the  jugular  fossa.  After  passing  through  the  stylo-mastoid  foramen,  if  the  line  be  prolonged 
backwards  it  will  usually  oe  found  to  pass  over  the  mastoid  foramen  in  the  occipito-mastoid 
suture.  Another  line  of  much  value  is  one  drawn  across  the  base  of  the  skull  from  the  centre 
of  one  external  auditory  meatus  to  the  other.  This  will  be  found  to  pass  through  the  root  of 
the  styloid  process,  the  jugular  foramen,  tlie  anterior  condylic  foramen  ;  it  then  crosses  the  front 
of  the  occipital  condyles,  and  corresponds  with  the  anterior  edge  of  the  foramen  magnum. 

A  line  which  may  be  found  useful  is  one  drawn  from  the  stylo-mastoid  foramen  of  one  side  to 
the  posterior  palatine  canal  of  the  opposite  side.  This  will  be  seen  to  overUe,  from  behind 
forwards,  the  outer  part  of  the  jugular  foramen  and  the  inferior  opening  of  the  carotid  canal 
The  line  indicates  the  direction  of  the  carotid  canal,  and  cuts  the  foramen  lacerum  medium 
anteriorly  ;  in  front  of  this  it  usually  corresponds  to  the  position  of  the  posterior  aperture  of  the 
pterygo-palatine  canal. 

The  examination  of  the  base  of  the  skull  is  incomplete  unless  the  student  examines 
it  with  the  lower  jaw  and  atlas  vertebra  in  position.  The  relation  of  the  ramus  of 
the  lower  jaw  to  the  zygomatic  fossa  has  been  already  sufficiently  studied  (p.  157) ; 
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one  or  two  points,  however,  may  be  emphasised.  The  alar  spine  of  the  sphenoid 
lies  just  internal  to  the  condyle  of  the  jaw  when  that  structure  is  in  position  in  the 
articular  part  of  the  glenoid  fossa,  and  it  is  noteworthy  that  immediately  to  the 
inner  side  of  the  alar  spine  is  the  commencement  of  the  osBeous  EnstachiEUi  tube. 
The  root  of  the  styloid  process  occupies  the  centre  of  the  interval  between  the 
mandibular  ramus  and  the  front  of  the  mastoid  process. 

Anteriorly  the  arcade  formed  by  the  body  of  the  lower  jaw  adds  greatly  to  the 
depth  of  the  hard  palate.  In  this  space  are  lodged  the  tongue  and  the  structures 
which  form  the  floor  of  the  mouth.  The  inner  surface  of  each  side  of  the  body  of 
the  mandible  is  traversed  by  the  internal  obliqae  line  (linea  mylo-hyoidea),  which 
commences  posteriorly  just  behind  the  root  of  the  last  molar  tooth  and  runs  down- 
wards and  forwards  towards  the  symphysis  in  front. 

When  the  atlas  vertebra  is  in  articulation  with  the  occipital  bone  it  is  well  to 
recognise  the  relation  of  its  transverse  processes  to  the  surrounding  structures.  The 
extremities  of  these  processes  lie  in  line  with  the  ends  of  the  jugular  processes  of 
the  occipital  bone,  and  thus  come  to  be  placed  just  internal  to  and  immediately  below 
and  slightly  in  front  of  the  tips  of  the  mastoid  processes.  They  can  thus  be  easily  felt 
in  the  living.  Anteriorly  they  are  separated  by  a  short  interval  from  the  styloid 
processes,  and  the  stylo-mastoid  foramina  lie  immediately  in  front  and  slightly  to 
the  outer  side  of  their  extremities.  The  student  will  note  that  there  is  no  hole  in 
the  jugular  process  of  the  occipital  bone  corresponding  to  the  arterial  foramen  in 
the  transverse  process  of  the  atlas  through  which  the  vertebral  artery  passes.  The 
course  of  this  vessel  over  the  upper  surface  of  the  posterior  arch  behind  the 
superior  articular  processes  of  the  atlas  will  be  seen  to  coincide  with  the  posterior 
condyUc  fossse  and  the  margins  of  the  foramen  magnum  immediately  internal 
thereto,  where  a  slight  grooving  of  the  edge  often  indicates  the  course  of  the  artery. 
In  front  the  anterior  tubercle  of  the  atlas  falls  in  line  with  the  pharyngeal  tubercle 
on  the  under  surface  of  the  basi-occipital,  and  the  student  must  not  overlook  the 
fact  that  the  anterior  surface  of  the  cervical  column  does  not  coincide  with  the 
anterior  margin  of  the  foramen  magnum,  but  lies  nearly  half  an  inch  in  front  of 
that,  in  a  coronal  plane  passing  immediately  in  front  of  the  external  auditory 
meatus.  Behind,  the  upper  surface  of  the  posterior  arch  of  the  atlas  overlaps  the 
hinder  margin  of  the  foramen  magnum,  and  it  is  by  the  apposition  of  these  two 
surfaces  that  extension  is  checked  at  the  occipito-atlantal  articulation. 

THE   SKULL  IN   SECTION. 

By  the  removal  of  the  skull-cap  the  interior  of  the  cranial  cavity  is  exposed. 
The  deep  surface  of  the  crauial  vault  is  grooved  mesially  for  the  superior  longitudinal 
sinus,  on  either  side  of  which  are  seen  numerous  depressions  for  the  lodgment  of 
Pacchionian  bodies.  On  holding  the  bone  up  to  the  light,  the  floor  of  these  little 
hollows  is  oftentimes  seen  to  be  very  thin.  A  short  distance  in  front  of  the 
lambda,  and  on  either  side  of  the  saggital  suture,  are  the  internal  openings  of  the 
parietal  foramina.  The  inner  tables  of  the  frontal  and  parietal  bones  are  grooved 
for  the  meningeal  arteries.  The  principal  branch  of  the  middle  meningeal  runs  more 
or  less  parallel  to  and  at  a  variable  distance  behind  the  line  of  the  coronal  suture. 
Along  the  bottom  of  these  grooves  small  foramina  may  be  seen  for  the  passage  of 
nutrient  arteries  to  the  bone,  and  the  floor  of  the  longitudinal  smus  is  likewise 
pierced  by  small  apertures  for  the  transmission  of  veins. 

The  Upper  Surface  of  the  Base  of  the  Skull. 

Cranial  Fosbs. — The  upper  surface  of  the  base  of  the  skull  is  divided  into 
three  fossie,  of  which  the  cerebrum  occupies  the  anterior  and  middle,  whilst  in  the 
posterior  is  lodged  the  cerebellum. 

The  anterior  fossa  is  defined  posteriorly  by  the  sharp,  thin  edge  of  the  lesser 
wings  of  the  sphenoid,  which  curve  outwards  and  slightly  upwards  as  well  as  back- 
wards to  reach  the  region  of  the  pterion  externally.  The  floor  is  formed  from  before 
backwards,  in  the  middle  line,  by  the  upper  surface  of  the  ethmoid  and  the  fore- 
part of  the  body  of  the  sphenoid ;  laterally  it  is  constituted  by  the  orbital  plates 


Fia,  133. — Babi  or  tbe  Skull  a  b 


!.  Slit  for  uaut  nerve. 

i.  Anterior  ethmoicUl  foraniea. 

I.  Poateriar  eUinoidal  forameD. 

i.  Optic  foramen. 

I.  Forunea  far   intcnial    cuntid  artery  formed  bjr 

soterior  and  miUdle  cUiioid  process. 
',  Leuer  wing  of  spbcDoid. 
t.  AnUrior  clinoid  prcKeBs.  In  thii  cue  united  on  its 

inner  siili!  to  the  middle  clinaid  processea. 
I.  Posterior  clinoid  process. 
).  Foramen  ovale. 

I.  Groove  for  middle  meningeal  ertery. 
i.  Porftmeti  ipinosum. 
I.  Hiatus  Fallopii. 
I.  Line  of  petro-squamotal  suture, 
i.  Internal  auilitArj  meatus. 
>.  Groove  for  superior  petrosal  sinus. 
'.  Groove  for  sigmoid  port  of  lateral  sinus, 
t.  Jugular  foramen. 
K  Anterior  condylic  foramen. 
).  Groove  for  lateral  sinus. 
.   Internal  occipital  protulK'ntnce, 
!.   Ridge  for  atUchnieut  of  fall  cerebri. 
I.  Fossa  for  tlie  lodgment  of  the  occipital  lobes  of 


Foramen  niagnnm. 

Groove  for  the  sigmoid  sinna  turning  into  the 

jugular  foramen. 
Groove  for  the    inferior    petrosal    sinus  mnning 

along  the   line  of  suture  Ijetween  the  petrooi 

temporal  and  ths  hasi-occipital. 
Deprr.ssion  for  the  Qasserian  ganglion. 
Middle   cranial   fosss   for  lotlgment  of  temporil 
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m  medium. 


Dorsum  selle  of  sphenoid. 

Leails  into  foramen  rotundum. 

Pituitary  fossa. 

Olivary  eminence  of  sphenoid. 

Anterior  cranial  fossa  for  lodgment  of  frontal  lo 


Crest  for  attachment  of  fall  ceivbri. 
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of  the  frontal  and  the  lesser  wings  of  the  sphenoid.  On  these  the  under  surface 
of  the  frontal  lobes  of  the  cerebrum  resta  In  front  the  fossa  is  divided  mesially 
by  the  frontal  crest,  to  which  the  falx  cerebri  is  attached.  This  is  confluent  below 
with  the  fore  part  of  the  crista  galli,  from  which,  however,  it  is  separated  by  the 
foranien  cecum,  which  usually  transmits  a  small  vein  from  the  nose.  On  either 
side  of  the  crista  galli  there  are  grooves  which  vary  considerably  in  depth  and 
width :  therein  are  lodged  the  olfactory  lobes.  The  floor  and  sides  of  the  groove 
are  pierced  by  numerous  foramina;  of  these  the  largest  number  transmit  the 
olfactory  nerves  to  the  nasal  fossae.  In  front  an  elongated  slit,  placed  on  either 
side  of  the  crista,  affords  a  passage  to  the  nose  for  the  internal  nasal  nerve  and  a 
small  branch  of  the  anterior  ethmoidal  artery  which  accompanies  it.  To  the  outer 
side  of  the  olfactory  groove  and  the  cribriform  plate,  the  anterior  fossae  communi- 
cate on  either  side  by  means  of  the  two  ethmoidal  foramina  with  the  cavities  of  the 
orbits.  The  anterior  foramen  transmits  the  internal  nasal  nerve  and  the  anterior 
ethmoidal  artery ;  the  posterior  affords  passage  to  the  posterior  ethmoidal  artery 
and  the  small  spheno-ethmoidal  nerve  of  Luschka.  External  to  the  olfactory 
groove,  the  floor  of  the  fossa,  which  here  corresponds  to  the  roof  of  the  orbit,  is 
very  thin,  as  may  be  seen  by  holding  the  skull  up  to  the  light ;  it  is  convex  from 
side  to  side,  and  bears  the  impress  of  the  convolutions  of  the  under  surface  of  the 
frontal  lobes  of  the  cerebrum  which  rest  upon  it.  In  front  and  at  the  side  there 
are  a  number  of  vascular  grooves  for  the  branches  of  the  anterior  and  middle 
meningeal  arteries  respectively. 

The  middle  fossa,  which  in  form  may  be  compared  to  the  wings  of  a  bird 
united  by  the  body,  is  bounded  in  front  by  the  curved  thin  posterior  edge  of  the 
lesser  wings  of  the  sphenoid ;  posteriorly,  by  the  line  of  attachment  of  the  tentorium 
cerebelli,  extending  from  the  posterior  clinoid  process  along  the  superior  border  of 
the  petrous  portion  of  the  temporal  bone.  The  median  part  of  the  fossa,  which  is 
narrow,  corresponds  to  the  sella  turcica  and  the  olivary  eminence  of  the  sphenoid. 
It  is  limited  anteriorly  by  a  line  connecting  the  anterior  margins  of  the  two  optic 
foramina,  and  is  overhung  behind  by  the  dorsum  sella.  In  this  area  are  lodged 
the  structures  which  lie  within  the  interpeduncular  space  on  the  base  of  the  brain. 
The  floor  of  the  lateral  parts  of  the  fossa  on  each  side  is  formed  by  the  great  wing 
of  the  sphenoid  in  front,  the  squamous  part  of  the  temporal  bone  to  the  outer  side, 
and  the  superior  surface  of  the  petrous  temporal  behind.  In  the  hollows  so  formed 
the  temporal  lobes  of  the  cerebrum  are  lodged.  On  either  side  of  the  olivary 
eminence  are  seen  the  optic  foramina;  these  pass  into  the  orbital  cavities  and 
transmit  the  optic  nerves  and  ophthalmic  arteries.  Immediately  behind  these 
openings  the  anterior  and  middle  clinoid  processes  are  sometimes  united,  so  as  to 
enclose  a  foramen.  Through  this  the  internal  carotid  artery  passes  upwards. 
Leading  backwards  from  this,  along  the  side  of  the  body  of  the  sphenoid,  is  the 
carotid  groove,  which  turns  downwards  near  the  apex  of  the  petrous  temporal,  to 
become  continuous  with  the  carotid  canal,  which  here  opens  on  the  posterior  wall 
of  an  irregular  aperture,  placed  between  the  side  of  the  body  of  the  sphenoid  and 
the  summit  of  the  petrous  temporal,  called  the  foramen  lacerum  medium.  Through 
the  inner  angle  of  this  opening  the  carotid  artery  accompanied  by  its  plexus  of 
veins  and  sympathetic  nerves  passes  upwards.  Running  through  the  fibrous  tissue, 
which  in  life  blocks  up  this  opening,  the  large  superficial  petrosal  nerve  coming 
from  the  hiatus  Fallopii  passes  downwards  and  forwards  to  reach  the  posterior 
orifice  of  the  Vidian  canal,  which  is  placed  on  the  anterior  and  inferior  border  of 
the  foramen  lacerum  medium.  A  small  meningeal  branch  of  the  ascending 
pharyngeal  artery  also  passes  upwards  through  this  foramen.  In  front  and  to  the 
outer  side  of  the  foramen  lacerum,  and  separated  from  it  by  a  narrow  bar  of  bone, 
Ls  the  foramen  ovale ;  through  this  pass  both  roots  of  the  inferior  maxillary  nerve, 
the  small  meningeal  artery,  and  some  emissary  veins.  A  little  external  and 
posterior  to  this  is  the  foramen  spinosum  for  the  transmission  of  the  middle 
meningeal  vessels,  together  with  a  recurrent  branch  from  the  inferior  maxillary 
nerve.  Leading  from  the  external  extremity  of  the  foramen  lacerum  there  is  a 
groove  which  passes  outwards,  backwards,  and  slightly  upwards  on  the  superior 
surface  of  the  petrous  temporal  to  end  in  the  hiatus  Fallopii  (a  cleft  opening  into 
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the  aqiuBductns  Fallopii),  which  gives  passage  to  the  large  superficial  petrosal  branch 
deriTed  from  the  geniculate  ganglion  on  the  seventh  nerve,  together  with  the  small 
petrosal  branch  of  the  middle  meningeal  artery.  Just  external  to  the  hiatus  Fallopii 
there  is  another  small  foramen  for  the  transmission  of  the  lesser  superficial 
petrosal  nerve.  Overhung  by  the  posterior  border  of  the  lesser  wing  of  the  sphenoid 
is  the  sphenoidal  fiBsnre,  the  cleft  which  separates  the  lesser  from  the  great 
sphenoidal  wings,  and  which  opens  anteriorly  into  the  hollow  of  the  orbit ;  through 
this  pass  the  third,  fourth,  ophthalmic  division  of  the  fifth,  and  sixth  nerves, 
together  with  the  ophthalmic  veins  as  weU  as  the  sympathetic  filament  to  the 
lenticular  ganglion.  Just  below  its  inner  extremity  is  the  foramen  rotundnm  for 
the  passage  of  the  superior  maxillary  nerve  to  the  spheno-maxillary  fossa.  Behind 
this,  and  between  it  and  the  foramen  ovale,  the  foramen  Vesalii  may  occasionally 
be  seen,  through  which  a  vein  passes  to  reach  the  pterygoid  plexus. 

The  lateral  parts  of  the  middle  fossa  are  moulded  in  conformity  with  the 
convolutions  of  the  temporal  lobes,  but  towards  their  inner  sides  the  splitting  of 
the  dura  mater  in  the  region  of  the  cavernous  sinus  serves  to  separate  the  cranial 
base  from  the  under  surface  of  the  cerebrum.  As  may  be  seen  by  transmitted  light, 
the  floor  of  the  lateral  parts  of  the  fossa  is  thin  as  it  overlies  the  tempera], 
zygomatic,  and  glenoid  fossa.  The  grooves  for  the  lodgment  of  the  branches  of  the 
middle  meningeal  artery  leading  from  the  foramen  spinosum  are  readily  seen ;  one, 
coursing  backwards  a  little  below  the  line  of  the  squamoso-parietal  suture,  is 
specially  well  marked.  Amongst  other  features  may  be  noticed  the  depression  for 
the  lodgment  of  the  Gasserian  ganglion  overlying  the  summit  of  the  petrous 
temporal;  beliind  and  to  the  outer  side  of  the  hiatus  Fallopii,  the  arcuate 
eminence,  indicating  the  position  of  the  superior  semicircular  canal ;  and  immediately 
anterior  and  slightly  to  the  outer  side  of  this  the  tegmen  tympani,  which  roofs  in 
the  cavity  of  the  tympanum,  the  thinness  of  which  can  readily  be  demonstrated 
if  light  be  allowed  to  fall  through  the  external  auditory  meatus. 

The  posterior  fossa  is  larger  and  deeper  than  the  others.     In  front  it  is  limited 
by  a  line  on  either  side  leading  backwards  and  outwards  from  each  posterior  clinoid 
process  along  the  superior  border  of  the  petrous  part  of  the  temporal  bone,  where 
externally  and  posteriorly  it    becomes   confluent  with  the  superior   lip  of    the 
transverse  groove  for  the  lateral  sinus,  ending  posteriorly  in  the  middle  line  at 
the  internal  occipital  protuberance.     Along  the  line  thus  indicated  the  process  of 
dura  mater  called  the  tentorium  cerebelli,  which  roofs  in  the  posterior  fossa,  is 
attached.     The  floor  of  the  fossa,  in  which  the  cerebellar  lobes,  the  pons,  and 
medulla  are  lodged,  is  formed  by  the  petrous  and  mastoid  portions  of  the  temporal 
bone,  with  part  of  the  body  of  the  sphenoid  and  the  basilar  portion  of  the  occipital 
bone  wedged  in  between  them.     Above  the  mastoid  temporal  a  small  part  of  the 
posterior  inferior  angle  of  the  parietal  enters  into  the  constitution  of  the  outer 
wall  of  the  fossa.     Behind  and  within  these  the  lateral  parts  and  lower  portions  of 
the  squamous  occipital  complete  the  floor.     In  the  middle  line  the  floor  of  the  fossa 
is  pierced  by  the  foramen  magnum,  in  which  lies  the  lower  part  of  the  medulla, 
together  with    its  membranes,  and    through  which    pass  upwards  the  vertebral 
arteries  and  the  spinal  accessory  nerves.     On  either  side  of  the  foramen  magnum, 
and  a  little  in  front  of  a  transverse  line  passing  through  its  centre,  is  the  opening 
of  the  anterior  condylic  foramen  for  the  passage  of  the  hypoglossal  nerve,  a  small 
meningeal  branch  from  the  ascending  pharyngeal  artery  and  an  emissary  vein. 
Overhanging  the  opening  of  the  anterior  condylic  foramen  there  is  a  thickened 
rounded  bridge  of  bone,  to  the  outer  side  of  which  is  placed  the  irregular  opening  of 
the  jugular  foramen  (foramen  lacerum  posterius).     The  size  of  this  is  apt  to  vary  on 
the  two  sides,  and  the  lumen  is  frequently  subdivided  by  a  spicule  of  bone  which 
runs  across  it ;  the  posterior  and  external  rounded  part  of  the  foramen  is  occupied 
by  the  lateral  sinus,  which  here  joins  the  internal  jugular  vein.     A  meningeal 
branch   from   the  ascending  pharyngeal  or  occipital  artery  also  enters  the  skull 
through  this  compartment.     The  fore  and  internal  part  of  the  foramen  is  confluent 
with  the  groove  for  the  inferior  petrosal  sinus,  which  turns  downwards  in  front  of 
the  spicule  above  referred  to.     The  interval  between  the  portions  of  jbhe  foramen 
occupied  by  the  two  veins  allows  the  transmission  of  the  glosso-pharyngeal,  vagus. 
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and  ispinal  accessory  nerves  in  order  from  before  backwards.  About  a  quarter  of 
an  inch  above  and  to  the  outer  side  of  the  fore  part  of  the  foramen  jugulare  the 
posterior  surface  of  the  petrous  portion  of  the  temporal  bone  is  pierced  by  the 
intenial  aaditory  meatus,  through  which  the  facial  and  auditory  nerves,  together 
with  the  pars  intermedia  of  Wrisberg,  and  the  auditory  branch  of  the  basilar  artery 
leave  the  cranial  cavity.  Behind  the  jugular  foramen  and  close  to  the  margin  of 
the  foramen  magnum  the  opening  of  the  posterior  condylic  foramen,  when  pre- 
sent, may  be  seen.  This  gives  passage  to  a  vein  which  joins  the  vertebral  vein 
inferiorly.  The  internal  aperture  of  the  mastoid  foramen  is  noticed  opening  into 
the  groov  e  for  the  lateral  sinus,  a  little  below  the  level  of  the  superior  border  of  the 
petrous  temporal  Through  it  passes  an  emissary  vein  which  joins  the  occipital 
vein  externally ;  the  mastoid  branch  of  the  occipital  artery  also  enters  the  cranial 
cavity  through  this  foramen. 

The  posterior  fossa  is  divided  into  two  halves  posteriorly  by  the  internal  occipital 
crest^  to  which  the  falx  cerebelli  is  attached,  the  floors  of  the  hollows  on  either  side 
of  which  are  often  exceedingly  thin  and  are  for  the  lodgment  of  the  lateral  lobes  of 
the  cerebellum.  The  grooves  for  the  following  blood  sinuses  are  usually  distinct — 
the  superior  petrosal  running  along  the  superior  border  of  the  petrous  temporal, 
the  inferior  petrosal  lying  along  the  line  of  suture  between  the  petrous  temporal 
and  basilar  process  of  the  occipital  bone ;  the  occipital  sinus  grooving  the  internal 
occipital  crest ;  and  the  lateral  sinus  curving  forwards  and  outwards  from  the 
internal  occipital  protuberance,  across  the  internal  surface  of  the  squamous 
occipital,  to  reach  the  posterior  inferior  angle  of  the  parietal  bone,  in  front  of  which 
it  turns  downwards  and  inwards  to  reach  the  jugular  foramen,  describing  a  sigmoid 
curve,  and  grooving  deeply  the  inner  surface  of  the  mastoid  and  posterior  aspect  of 
the  petrous  portions  of  the  temporal  bone.  Before  it  terminates  at  the  jugular 
foramen  it  again  reaches  the  occipital  bone  and  channels  the  upper  surface  of  the 
jugular  process  of  that  bone.  Slight  grooves  for  meningeal  arteries  are  also  seen — 
some  pass  upwards,  whilst  others  turn  downwards  and  are  occupied  by  branches 
from  the  posterior  offsets  of  the  middle  meningeal  arteries. 

Mesial  Sagittal  Section  of  the  Skull. 

Such  a  section  should  be  made  a  little  to  one  or  other  side  of  the  mesial  plane, 
BO  as  to  pass  through  the  nasal  fossae  lateral  to  the  septum ;  one-half  will  then 
display  the  nasal  septum  in  position,  whilst  in  the  other  the  outer  wall  of  the 
nasal  fossa  of  that  side  will  be  exposed. 

The  form  of  the  cranial  cavity  is,  of  course,  subject  to  many  variations  dependent 
on  individual  and  racial  pecuUaritiea  The  following  details  are,  however,  worthy 
of  note.  The  hinder  border  of  the  foramen  magnum  (opisthion),  and  consequently 
the  floor  of  the  posterior  cranial  fossa,  occupies  the  same  horizontal  plane  as  the 
hard  palate.  The  anterior  border  of  the  foramen  magnum  (basion)  lies  a  little 
higher,  so  that  the  plane  of  the  foramen  is,  in  the  higher  rsices  at  leasD,  oblique,  and 
is  directed  downwards  and  slightly  forwards.  From  the  basion  a  line  passing 
upwards  and  forwards  to  reach  the  suture  between  the  sphenoid  and  ethmoid 
passes  through  the  basi-cranial  axis  formed  by  the  basi-occipital,  the  basi-sphenoid, 
and  the  presphenoid.  The  basi-cranial  axis  is  wedge-shaped  on  section  posteriorly, 
whilst  anteriorly  it  is  of  considerable  width,  and  has  within  it  the  large  sphenoidal 
air  sinus.  Its  upper  surface  leads  upwards  and  forwards  with  a  varying  degree  of 
obliquity  from  the  basion  to  the  overhanging  edge  of  the  dorsum  sellse,  in  front  of 
which  the  pituitary  fossa,  the  floor  of  which  is  quite  thin,  is  well  seen  in  the 
section. 

From  the  olivary  eminence  the  floor  of  the  anterior  fossa  follows  a  more  or  less 
horizontal  direction,  corresponding  pretty  closely  to  the  level  of  the  axis  of  the  orbital 
cavity.  The  roof  of  the  orbit  is  seen  to  bulge  upwards  to  a  considerable  extent  into  the 
floor  of  the  anterior  fossa ;  whilst  the  floor  of  the  middle  fossa  sinks  to  a  level  corresponding 
to  that  of  the  under  surface  of  the  basi-cranial  axis,  where  it  forms  the  roof  of  the  posterior 
nares.  The  maximum  length  of  the  skull  is  measured  from  the  glabella  (a  point  between 
the  superciliary  ridges)  to  the  occipital  point  posteriorly.     It  is  noteworthy  that  the 
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maiimum  occipital  point  doea  not  necessarily  correspond  to  the  external  occipital  pro- 
tuberance (inion).  The  greatest  vertical  height  usually  corresponds  to  the  distance  from 
the  baaion  to  the  bregnu  (point  of  union  of  the  sagittal  with  the  coronal  suture),  though 
to  this  rule  there  are  many  exceptions.     On  looking  into  the  posterior  fossa  the  anterior 
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9  for  branches   of  tiK 


il  Cempoml  iHMies. 
fouA. 


6.  Pitnitnry  fossii. 
S.  Anterior  cliiioiil  foww. 

7.  Optic  roraiiiiiu. 

8.  Sphtuoiilal  rtmus. 

9.  Naiul  surface  of  superior  tiirliiustwl  bone. 

10.  Cribrifomi  plate  of  etiimoid. 

11.  NshbI  HUrfnce  of  miildle  tarbiiutvil  haue. 

12.  Frontal  siuufi. 

13.  Nasal  spine  of  frouUI. 

14.  Nafal  boue. 
IG.   Nanal  pTOuegs  of  superior  maxlllB. 

16.  Middle  mentus  of  nose. 

17.  Dir*cl«cl  townrd™  opening  of  Butruni. 

18.  NaHal  surface  of  Inferior  turbiiialeil  boue. 
le.  Inferior  meatus  of  noK. 
'JO.  Anterior  nasHl  spine. 
21.   Ant«rior  palatine  catial. 
23.   Palatal  process  of  superior  maxilla. 
S3.    Palatal  procei*s  of  jialata  boue. 

coiidylic  and  jugular  foramina  and  the  intenial  auditory  meatus  are  seen  in  line,  sloping 
from  helow  upwards.  The  i]it«rnBl  aaditory  meatos  lies  in  a  vertical  plane,  passing 
through  the  basion.  The  grooves  for  the  middle  meningeal  artery  and  its  branches  are 
very  obvious.  The  anterior  groove  curves  forwards  and  outwards,  and  reaching  the  inner 
surface  of  the  pterion,  passes  towards  the  vertex  at  a  variable  distance  behind  and  more 
or  less  parallel  to  the  coronal  suture.     From  this  grooves  pass  forwards  across  the  suture 
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24.  Posterior  iiaaal  spine. 

25.  Hamular  process  of  internal  pterygoid  plat«. 

26.  External  pt«r)'goiil  piste. 

27.  Superior  meatua  of  nose. 
2S.  Spbeuo.paUtine  foramen. 

29.  Ptcrygo- spinous     lignuient     almost     completely 

30.  Styloid  proceaa  of  temporal  bonn. 

31.  Alar  apiue  of  spbeuoid. 

32.  Mastoid  process, 

33.  Basion  (mid-point  of  anterior  border  of  foramen 
maguum), 

34.  luleruiil  auditory  meatus. 

35.  Anterior  coodylic  foramen. 

36.  Leailiug  into  jugiiUr  foramen. 

37.  Opisthion    (mid-point    of    posterior    border    of 
foramen  magnum). 

38.  Groove  for  sigmoid  ■inu.'i. 

39.  OpeuiuK  of  mastoid  foramen. 

40.  For   lateral  sinus  and  attachment  of  tentoHum 
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to  reach  the  frontal  bone.  Another  groove  curves  upwards  and  backwards  a  little  below 
the  line  of  the  parieto-squamosal  suture.  From  this  an  upwardly-directed  branch 
rudiatcj*  on  the  inner  surface  pi  the  parietal  bone,  in  the  region  of  the  parietal  eminence, 
whilst  a  lower  branch  passes  backwards  some  little  distance  above  the  lambdoid  suture, 
and  gives  offsets  which  curve  downwards  and  inwards  over  the  inner  surface  of  the 
squamous  portion  of  the  occipital  bone. 

Nasal  Fossae. — In  the  section  through  the  nasal  fossa  the  structures  which  form 
its  outer  wall  can  now  be  studied.  These  are — the  nasal  bone ;  the  nasal  process  of 
the  superior  maxilla ;  the  lachrymal  bone ;  the  lateral  mass  of  the  ethmoid,  compris- 
ing the  superior  and  middle  turbinated  bones ;  the  vertical  plate  of  the  palate  bone ; 
the  inferior  turbinated  bone ;  and  the  mesial  surface  of  the  internal  pterygoid  plate. 
The  roof  as  seen  in  the  section  is  formed  by  the  nasal  and  frontal  bones,  the  cribri- 
form plate  of  the  ethmoid,  the  body  of  the  sphenoid  and  the  sphenoidal  turbinals, 
the  sphenoidal  process  of  the  palate  and  the  ala  of  the  vomer.  The  Jloor,  which  is 
nearly  horizontal  from  before  backwards,  is  formed  by  the  palatal  processes  of  the 
superior  maxilla  and  palate  bones.  On  sagittal  section  the  nasal  fossa  appears 
somewhat  triangular  in  shape  with  the  angles  cut  off;  the  base  corresponds  to  the 
floor;  the  anterior  and  posterior  nares  to  the  truncated  anterior  and  posterior 
angles  respectively ;  the  superior  angle  is  cut  off  by  the  cribriform  plate ;  whilst  the 
sides  correspond  to  the  frontal  and  nasal  bones  anteriorly,  and  the  sphenoidal 
turbinals,  sphenoidal  process  of  the  palate,  and  the  ala  of  the  vomer  posteriorly. 
The  cavity  is  therefore  deep  towards  its  middle,  but  gradually  becomes  shallower  in 
front  and  behind  where  the  openings  of  the  nares  are  situated.  The  opening  of 
the  anterior  naris,  which  is  of  half-heart  shape,  is  larger  than  that  of  the  posterior 
naris,  and  is  directed  forwards  and  downwards;  the  opening  of  the  posterior  is 
of  rhqmboidal  form,  and  slopes  backwards  and  downwards.  The  inferior  meatus  is 
the  channel  which  is  overhung  by  the  inferior  turbinated  bone,  and  its  floor  is 
formed  by  the  side-to-side  concavity  of  the  upper  surface  of  the  hard  palate. 
Opening  into  it  above,  under  cover  of  the  fore  part  of  the  inferior  turbinated  bone, 
is  the  canal  for  the  nasal  duct ;  whilst  its  floor  is  pierced  in  front  near  the  middle 
line  by  the  anterior  palatine  canal.  The  middle  meatus  is  the  hollow  between  the 
middle  and  inferior  turbinated  bones ;  it  slopes  from  above  downwards  and  back* 
wards,  and  is  overhung  by  the  free  curved  edge  of  the  middle  turbinal,  beneath 
which  there  is  a  passage  called  the  infondibnlum,  leading  upwards  and  forwards  to 
open  superiorly  into  the  frontal  sinus,  as  well  as  into  some  of  the  anterior  ethmoidal 
cells.  Under  cover  of  the  centre  of  the  middle  turbinated  bone  there  is  an  irregular 
opening  leading  into  the  maxillary  sinus  or  antrum  of  Highmore,  and  there 
are  frequently  independent  openings  for  the  middle  and  some  of  the  anterior 
ethmoidal  celk.  The  superior  meatus,  about  half  the  length  of  the  middle  meatus, 
is  placed  between  the  superior  and  middle  turbinated  bones  in  the  back  and  upper 
part  of  the  fossa ;  it  receives  the  openings  of  the  posterior  ethmoidal  cells.  Near 
its  posterior  extremity  the  spheno-palatine  foramen  pierces  its  outer  wall,  and  brings 
it  in  relation  with  the  spheno-maxillary  fossa.  The  sphenoidal  sinus  opens  on  the 
roof  of  the  nose,  above  the  level  of  the  superior  turbinated  bone,  into  a  depression 
called  the  spheno-ethmoidal  recess. 

Nasal  SeptunL — If  the  opposite  half  of  the  section  in  which  the  osseous  nasal 
septum  is  retained  be  now  studied,  it  will  be  seen  to  be  formed  by  the  crests  of  the 
superior  maxillary  and  palate  bones  below,  on  which  rests  the  vomer,  the  posterior 
border  of  which  being  free,  forms  the  posterior  edge  of  the  nasal  septum,  which 
slopes  obliquely  upwards  and  backwards  towards  the  under  surface  of  the  body  of 
the  sphenoid  Here  the  vomer  articulates  with  the  rostinim  of  the  sphenoid.  In 
front  of  this  the  vomer  articulates  with  the  perpendicular  plate  of  the  ethmoid, 
between  which  anteriorly  there  is  an  angular  recess  into  which  the  cartilaginous 
septum  fits.  Superiorly  and  anteriorly  the  osseous  septum  is  completed  by  the 
articulation  of  the  perpendicular  plate  of  the  ethmoid  with  the  nasal  process  of 
the  frontal,  together  with  the  nasal  crest  formed  by  the  union  of  the  nasal  bones ; 
whilst  posteriorly  and  superiorly  the  perpendicular  plate  of  the  ethmoid  articulates 
with  the  mesial  ethmoidal  crest  of  the  sphenoid.  In  most  instances  the  osseous 
septum  is  not  perfectly  vertical,  but  is  deflected  towards  one  or  other  side. 
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Air-sinuses  in  connexion  with  the  Nasal  Fosbsb.— Connected  with  the  nasal 
foaaie  are   a   number  of  air-sinusea.     These  are  found  within  the  body   of  the 

sphenoid,  the  lateral  mass  of 
the  etbmoid,  the  orbital  pro- 
cess of  the  palate  bone,  the 
body  of  the  superior  maxilla, 
and  the  superciliary  arch  of 
the  frontal  bone. 

The  aphflnoidal  Binoa,  of 
variable  size,  occupies  the 
interior  of  the  body  of  the 
sphenoid.  Id  some  cases  it 
extends  towards  the  roots  of 
the  pterygoid  processes.  Id 
front  it  is  formed  in  part  by 
the  absorption  of  the  sphen- 
oidal spongy  bones,  and  is 
divided  up  into  two  cavities 
hy  a  sagittally-placed  parti- 
tion, which,  however,  is  fre- 
quently displaced  to  one  or 
other  side.  It  opens  an- 
teriorly into  the  roof  of  the 
nose  in  the  region  of  the 
spheno-ethmoidal  recess. 
The  ethmoidal  Biun^ei  are 
Anwnor  pontine  loiwnen  placcd  between   the    lateral 

Fro.  iBi.-NASAL  Sbptob  ab  shn  from  tbe  UfT  Sidi.         aspects  of  the  upper  part  of 

the  nasal  fossae,  and  the 
cavities  of  the  orbit,  from  which  they  are  separated  by  thin  and  papery  walls. 
These  air  spaces  are  completed  by  the  articulation  of  the  ethmoid  with  the  superior 
maxilla,  lachrymal,  frontal  sphenoid,  and  palate  bones,  and  are  divided  into  tbtee 
groups — an  anterior,  middle,  and  posterior.  The  latter  communicates  with  the 
superior  meatus ;  the  autcrior  and  middle  open  either  independently  or  in  conjunci 
tion  with  the  infundibulum  into  the  middle  meatus. 

The  sinns  in  the  orbital  process  of  the  palate  bone  either  communicates  with 
the  sphenoidal  sinus,  or  else  assists  in  closing  in  some  of  the  posterior  ethmoidal 
cells.  Its  communication  with  the  nasal  fossa  is  through  one  or  other  of  these 
spaces. 

The  maxillary  sinus  or  antrum  of  Highmore  lies  to  the  outer  side  of  the  nasal 
fossie,  occupying  the  body  of  the  superior  maxilla.  Its  walls,  which  are  relatively 
thin,  are  directed  upwards  to  the  orbit,  forwards  to  the  fiice,  backwards  to  the 
zygomatic  and  spheno-maxillary  fossa,  and  inwards  to  the  nose.  In  the  Litter 
situation  the  vertical  plate  of  the  palate  bone,  the  uncinate  process  of  the  ethmoid, 
the  maxillaiy  process  of  the  inferior  turbinated  bone,  and  a  small  part  of  the  lach- 
rymal bone  assist  in  the  formation  of  the  thin  osseous  partition  which  separate.s  it 
from  the  nasal  fossa.  The  floor  corresponds  to  the  alveolar  border  of  the  jaw,  and 
differs  from  the  other  walls  in  being  stout  and  thick  ;  it  is,  however,  deeply  pitted 
inferiorly  by  the  alveoli  for  the  teeth.  The  antrum  opens  by  a  narrow  orifice  into 
the  middle  meatus. 

Tbe  frontal  sinuses  He,  one  on  either  side,  between  the  inner  and  outer  tabte.i  of 
the  frontal  bone  over  the  root  of  the  noae,  and  extend  outwards  under  the  super- 
ciliary arches.  The  partition  which  separates  them  is  usually  central,  though  it 
may  be  deflected  to  one  or  other  side.  They  communicate  with  the  nose  through 
11  paasage  called  the  inftrndibnlmn,  which  opens  inferiorly  into  the  fore-part  of  (he 
middle  meatus. 

The  fact  should  not  be  overlooked  that  the  air  spaces  within  the  temiwral 
bone,  viz.  the  tympanic  cavity  and  the  mastoid  air  cells,  are  brought  into  com- 
munication with  the  naso-pharjnx  through  the  Eustachian  tubes.     For  further 
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detailfi  regarding  the  air  sinuses  and  the  mode  of  their  growth,  consult  the  descrip- 
Giou  of  the  individual  booes. 

Coronal  Sbcfions. 

The  relations  oF  many  parU  of  the  cranium  are  well  displayed  in  a  series  of  coronal 
BectiooB. 

By  sawing  off  a  thin  slice  from  the  front  of  the  lower  part  of  the  frontal  bone 
above,  and  carrying  the  section  downwards  through  the  inner  wall  of   the   orbit  and 


Fio.  125.— Part  or  the  Fbontal,  Nabal,  and 

dDPEHHlB    MaXILLIRT    BoJIE9   RallOVMD    W   ORDKB   TC 

DISPLAY   THE    RELATION   OF  T 

1.    tVonUl  ainoi. 

7.   CBvily  ofBHtmuilddopen. 

2.   Seirtuni  or  frontal  sinus  delleoted  towards  th«  riglit. 

S.   Middle  meatus  of  iioK. 

9.  luferior  uieatuH  of  voat. 

4.    Antwior  ethmoidAl  air  sinuses. 

10.  Inferior  turbinated  lK>ne. 

5.    Middle  turbinnted  bone. 

11,   Nasul  septum. 

6.   Red  line  in  upper  part  ot  oaaeoaH  caoKl  for  iiamI 

12.  Canal  for  uaHul  duct  laid  ojien  tliroughout 

entire  length. 

the  right  -ide 

13.   Anterior  nasal  ,»pine. 

the  nasal  process  of  the  superior  maxilla,  into  the  anterior  narca  below,  a  number  ot  im- 
portant relations  are  revealed  (see  Fig.  125).  Iti  the  frontal  region  the  extent  and 
arrangement  of  the  frontal  sinuBes  are  displayed.  The  partition  between  the  two  sinuses, 
be  it  noted,  is  usually  complete  and  central  in  position,  though  it  may  occasionally  be 
perforated  or  oblique.  The  sinuses  are  hardly  ever  symmetrical,  the  right  being 
usually  the  smaller  of  the  two,     (Logan  Turner,  Eilin.  Med.  Jour.  1 898.) 

The  iaftmdiboliim  on  either  side,  leading  from  the  frontal  sinus  above  to  the  middle 
meatus  below,  is  seen  with  the  middle  turbinated  bone  internal  to  it,  and  the  anterior 
ethmoidal  cells  to  its  outer  side  above.  If  the  section  passes  through  the  canal  for  the 
nasal  duct  the  continuity  of  that  channel  leading  from  the  orbit  above  to  tlie  inferior 
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meatus  of  the  nose  below  is  clearly  ahowo.     Its  inner  wall  above,  by  vluub  it  is  separated 

from  the  cavity  of  the  nose,  is  formed  by  the  thin  lachrymal  boue;  below,  it  passes  under 

cover  of  the  inferior  turbinated  bone  to  open  into  the  fore  part  of  the  inferior  meatus.    It 

lit  '^  separated    from   the    antrum 

estematly  by  a   thin  lamina  of 

bone.     The  cavity  of  the  antrum 

is  seen  to  extend    upwards  aod 

forwards  so  as  to  pass  over  tbe 

outer  side  as  well  as  slightly  in 

front  of  the  canal  for  the  nasal 

duct 

The  lower  margins  of  tlic 
middle  turbinated  bones  lie 
pretty  nearly  on  a  level  with 
the  most  dependent  parts  of  tbe 
orbital  margins,  whilst  the  lower 
borders  of  the  inferior  turbiiials 
are  placed  a  little  above  the 
lower  margin  of  the  anterior 
nares  on  a  level  with  the  loweet 
point  of  the  malo  -  raaiillan 
suture. 

Such  a  section  will  reveal  uny 
deflection  of  the  nasal  septum 
should  it  exist,  and  will  also  uhov 
that  but  a  narrow  eleft  separates 
the  upper  part  of  the  septum, 
on  cither  side,  from  the  inner 
surface  of  the  superior  turbinals. 

The  neit  section  {Fig.  126) 
passes  through  the  fore  part  of 
the  temporal  fossa  just  behind 
the  external  angular  process  of 
the  frontal  bone  above;  inferiortr 
it  passes  through  the  alveolar 
process  of  the  upper  jaw  in  the 
interval  between  the  first  and 
second  molar  teeth.  The  cranial, 
orbital,  nasal,  and  m  axillary 
cavities  are  all  exposed,  together 
with  the  roof  of  the  mouth. 

The  anterior  cTutUl  fosai 
is  deepest  in  its  centre,  where  its 
floor  is  formed  by  the  cribriform 
plate  of  the  ethmoid  ;  this  corre- 
sponds to  the  level  of  the  fronto- 
ital   malar    suture    externally. 


Fio.  126.- 


I,   SHUT] ON 
I    FiBBT 

1.  Gnmve    for  superior    \onp- 

2.  Cre»t  ror  ittncliment  of  fali 

3.  CtUU  g&lli  of  ethmoi.l. 

4.  Criliriform  plate  of  etiinioid. 


Second  Mi>lah  Teeth. 

.  Prnnto-iDalBr  auture. 

.  Infraorbital  grooie. 

.  Antrum  or  iiiaxillarjr  siuae. 

.  Canal  for  the  a  '     ' 


side  the  floor  of  tbe  fo'iia 

,.    ,-       ,        ,.,.,,.                 ,  bulges    upwards,    owing    to  the 

PcriwnJuular  nUte  of  «th-    1".   iDferior  iiieatua  of  nOM.  _.?■           ,  ..        '     ,      .  fi.         i.-. 

n,iid,a«i,tbgiuth.  forma.    18.    Alveolar  pro««  of  superior  '^^"'«  ^f.^'-e  roof  of  the  Orblt- 

tion  of  naaal  atptuiii.                       maiilU.  Of  the  orbital  walls,  the  eitemal 

Laternl  mate  ofetlimoitl  cou-    19.   Groove  for  Ulterior  palatine  is  the  thickest  and  slOutest ;  the 

otthe.-ihinoiilalcell!>.            uBrve  and  vessels.  superior,    internal,    and    inferior 

inperior  ^^j^  yrhich   separate   the  orbit 


n  of  ethmoiJ. 


20.   Palatal    pro. 


.  Middle  ti 


10.  Opening  from  middle  meatus 


21.   MaiiUaiy  ure«t  forming  part   from     the     cranial     cavity,    tbe 

'   asal  septum.  ethmoidal  cells,  and  the  autniui, 

inioanirum.  -.j-i   vomer  forming  part  of  nasal    respectively,   are  all   thin.      The 

""  ''mllmi/'"'   "'  ""'""*"  "'"*'""■  ''^"'^y  Of  '■''^  =«»iilJ*ry  <^^ 

lying  to  the  outer  side  of  the  nasal 
fossuj  is  well  seen.  Its  roof,  which  separates  it  from  the  orbital  cavity,  is  thin  nrd 
traversed  by  the  infraorbital  canal.  Its  inuer  wall,  with  which  the  inferior  turbintt' 
articulates,  is  very  slender,  and  forme  the  outer  walls  of  both  the  middle  and  inferior 
meattises  of   the  nose.      Its  outer  wall    is  stouter  where   it  arches  up  to  bracket  the 
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zygomatic  or  malar  process.  Its  floor,  which  rests  upon  the  upper  surface  of  the 
alveolar  border  of  the  upper  jaw,  sinks  below  the  level  of  the  hard  palate.  The  fangs  of 
the  teeth  sometimes  project  into  the  floor  of  the  cavity. 

The  nasal  fossSB  are  narrow  above,  where  they  lie  between  the  orbital  cavities,  from 
wliich  they  are  separated  by  the  cells  within  the  lateral  mass  of  the  ethmoid.  The  roof 
which  corresponds  to  the  cribriform  plate  is  narrow,  and  lies  between  the  septum  mesially 
and  the  lateral  masses  on  either  side. 

At  the  level  of  the  orbital  floor  the  nasal  fossae  expand  laterally,  the  middle  meatus 
running  longitudinally  in  the  angle  formed  by  the  lateral  mass  of  the  ethmoid  with  the 
body  of  the  superior  maxilla,  overhung  by  the  middle  turbinated  bone.  This  channel  is 
seen  to  have  the  ethmoidal  cells  superior  to  it,  the  orbital  cavity  above  and  to  the  outer 
aide,  the  antrum  externally,  whilst  its  floor  is  formed  by  the  upper  surface  of  the  inferior 
turbinated  bone. 

The  inferior  meatus,  much  more  roomy,  runs  along  under  cover  of  the  inferior 
turbinated  bone.  Externally  it  is  related  to  the  antrum,  whilst  its  floor  is  formed  by  the 
concave  superior  siuface  of  the  hard  palate. 

The  luurd  palate  is  arched  below,  whilst  its  superior  surface  is  concave  upwards  on 
either  side  of  the  median  crest  which  supports  the  nasal  septum.  The  sides  of  the  arch 
below  correspond  to  the  inner  surfaces  of  the  alveolar  processes  and  fall  in  line  with  the 
outer  walls  of  the  nasal  fossae  superiorly. .  The  summit  of  the  arch  lies  a  quarter  of  an  inch 
above  the  level  of  the  floor  of  the  antrum. 


SEXUAL  DIFFERENCES  IN  THE  SKULL. 

Whilst  it  is  a  matter  of  diJQ&culty,  in  all  cases,  to  determine  with  certainty  the  sex  of 
a  skull,  the  following  points  of  difference  are  usually  fairly  characteristic.  The  female  skull 
is,  as  a  rule,  smaller  than  the  male.  In  point  of  cranial  capacity  it  averages  about  a  tenth 
less  than  the  male  of  corresponding  race.  It  is  lighter,  smoother  as  regards  the  develop- 
ment of  its  muscular  ridges,  and  possesses  less  prominent  mastoid  processes.  In  the  frontal 
region,  the  superciliary  ridges  are  less  pronounced,  and  this  imparts  a  thinness  and  sharp- 
ness to  the  upper  orbital  margin,  which  is  fairly  characteristic,  and  can  best  be  appre- 
ciated by  running  the  finger  along  that  edge  of  bone.  For  the  same  reason,  the  forehead 
appears  more  vertical  and  the  projections  of  the  frontal  eminences  more  outstanding,  though 
it  is  stated  that  the  frontal  and  occipital  regions  are  less  capacious  prop)ortionately  than  in 
the  male.  The  vertex  in  the  female  is  said  to  be  more  flattened,  and  the  height  of  the  skull 
consequently  somewhat  reduced.  In  man  the  edge  of  the  tympanic  plate  is  generally 
sharp,  and  divides  to  form  the  sheath  of  the  styloid  process,  whilst  in  the  female  the 
corresponding  border  is  described  as  being  rounder  and  more  tubercular. 

Whilst  it  is  true  that  no  one  of  these  diflerences  is  sufiiciently  characteristic  to  enable 
lis  to  pronounce  with  certainty  on  the  matter  of  sex,  it  is  the  case  that,  taken  together, 
they  usually  justify  us  in  arriving  at  a  conclusion  which,  as  a  rule,  may  be  regarded  as 
fairly  accurate.  In  some  instances,  however,  it  is  impossible  to  express  any  definite 
opinion. 

DIFFERENCES  DUE  TO  AGE. 

At  birth  the  face  is  proportionately  small  as  compared  with  the  cranium,  constituting 
about  one-eighth  of  the  bulk  of  the  latter.  In  the  adult  the  face  equals  at  least  half  the 
cranium.  About  the  age  of  puberty  the  development  and  expansion  of  some  of  the  air- 
sinuses,-  more  particularly  the  frontal  sinus,  lead  to  characteristic  diflerences  in  head  and 
face  form. 

The  eruption  of  the  teeth  in  early  life  and  adolescence  enables  us  to  determine  the 
age  with  fair  accuracy.  After  the  completion  of  the  permanent  dentition,  the  wear  of  the 
teeth  may  assist  us  in  hazarding  an  approximate  statement.  The  condition  of  the  sutures, 
too,  may  guide  us,  synostosis  of  the  coronal  and  sagittal  sutures  not  as  a  rule  taking  place 
till  late  in  life.  Complete  obliteration  of  the  synchondrosis  between  the  occipital  bone 
and  sphenoid  may  be  regarded  as  an  indication  of  maturity.  In  old  age  the  skull 
usually  becomes  lighter  and  the  cranial  bones  thinner.  The  alveolar  borders  of  the 
superior  and  inferior  maxillae  become  absorbed  owing  to  the  loss  of  the  teeth.  This  gives 
rise  to  a  flattening  of  the  vault  of  the  hard  palate  and  an  alteration  in  the  form  of  the 
lower  jaw,  whereby  the  mandibular  angle  becomes  more  obtuse. 
13 
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CRANIOLOGY. 

The  various  groups  of  mankind  display  in  their  physical  attributes  certain  features  which  are 
more  or  less  characteristic  of  the  stock  to  which  they  belong.  Craniolpgy  deals  with  these 
differences  so  far  as  they  afifect  the  skull.  The  method  whereby  these  differences  are  recorded 
involves  the  accurate  measurement  of  the  skull  in  most  of  its  details.  Such  procedure  is  included 
under  the  term  craniometry.  Here  only  the  outlines  of  the  subject  are  briefly  referred  to ; 
for  such  as  desire  fuller  information  on  the  subject,  the  works  of  Broca,  Topinaid,  Flower,  and 
Turner  may  be  consulted. 

The  races  of  man  display  great  variations  in  resard  to  the  size  of  the  skull.  Apart  altogether 
from  individual  differences  and  the  proportion  of  nead-size  to  body^height,  it  may  be  generally 
assumed  that  the  size  of  the  skull  in  the  more  highly  civilised  races  is  much  in  excess  of  that 
displayed  in  lower  types.  The  size  of  the  head  is  intimately  correlate!  with  the  develop- 
ment of  the  brain.  ]By  measuring  the  capacity  of  that  part  of  the  skull  occupied  by  the 
encephalon,  we  are  enabled  to  form  some  estimate  of  the  size  of  the  brain.  The  cranial  capacity 
is  determined  by  filling  the  cranial  cavity  with  some  suitable  material  and  then  taking  the 
cubage  of  its  contents.  Various  methods  are  employed,  each  of  which  has  its  advantage.  The  iiae 
of  fluids,  which  of  course  would  be  the  most  accurate,  is  rendered  impracticable,  wiUiout  special 
precautions,  owing  to  the  fact  that  the  macerated  skull  is  pierced  by  so  many  foramina  As  a 
matter  of  practice,  it  is  found  that  leaden  shot,  glass  beads,  or  seeds  of  various  sorts  are  the  most 
serviceable.  The  results  obtained  display  a  considerable  range  of  variation.  For  purposes  of 
classification  and  comparison,  skulls  are  grouped  according  to  their  cranial  capacity  into  the 
following  varieties : — 

Microcephalic  skulls  are  those  with  a  capacity  below  1360  cc.,  and  include  such  well-known 
races  as  Andamanese,  Veddahs,  Australians,  Bushmen,  Tasmanians,  etc. 

Mesocephalic  skalls  range  from  1350  cc.  to  1450  cc.,  and  embrace  examples  of  the  following 
varieties :  American  Indians,  Chinese,  some  AMcan  Negroes. 

Megacephalic  skulls  are  those  with  a  capacity  over  1450  cc,  and  are  most  commonly  met 
with  in  the  more  highly  civilised  races :  Mixed  Europeans,  Japanese,  Eskimo,  etc. 

Apart  from  its  size,  the  form  of  the  cranium  has  been  resided  as  an  important  factor  in  the 
classification  of  skulls ;  though  whether  these  differences  m  shape  have  not  been  unduly  em- 
phasised in  the  past  is  open  to  question. 

The  relation  of  the  breadth  to  the  length  of  the  skull  is  expressed  by  means  of  the  cephalic 
index  which  records  the  proportion  of  the  maximum  breadth  to  the  maximum  length  of  the 
skuU,  assuming  the  latter  equal  100,  or — 

Max.  breadth  X 100     ^    -    ,.    .    - 

The  results  are  classified  into  three  groups : — 

1.  Dolichocephalic,  with  an  index  below  75  :  Australians,  Kaffirs,  Zulus,  Eskimo,  Fijiana 

2.  Mesaticephalic,  ranging  from  75  to  80 :  Europeans  (mixed),  Chinese,  Polynesians  (mixed). 

3.  Brachycephalic,  with  an  index  over  80 :  Malays,  Burmese,  American  Indians,  Anda- 

manese. 

In  order  to  provide  for  uniformity  in  the  results  of  different  observers,  some  system  is  neces- 
sary by  which  the  various  points  from  which  the  measurements  are  taken  must  correspond. 
Whilst  there  is  much  difference  in  the  value  of  the  measurements  insisted  on  by  individual 
anatomists,  all  affree  in  endeavouring  to  select  such  points  on  the  skull  as  may  be  readily  deter- 
mined, and  which  have  a  fairly  fixed  anatomical  position.  The  more  important  of  these  *'  fixed 
points  "  are  included  in  the  subjoined  table  : — 

Nasion. — The  middle  of  the  naso-frontal  suture. 

Glabella. — A  point  midway  between  the  two  superciliary  ridges. 

Ophryon. — The  central  point  of  the  narrowest  transverse  diameter  of  the  forehead,  measured 

from  one  temporal  line  to  the  other. 
Inion. — ^The  external  occipital  protuberance. 
Maximum  Occipital  Point. — Tne  point  on  the  occipital  squama  in  the  sagittal  plane  most 

distant  from  the  glabella 
Opisthion. — The  middle  of  the  posterior  margin  of  the  foramen  magnum. 
Basion. — The  middle  of  the  anterior  margin  of  the  foramen  magnum. 
Bregma. — The  point  of  junction  of  the  coronal  and  sagittal  sutures. 
Alveolar  Point. — The  centre  of  the  anterior  margin  or  the  upper  alveolar  margin. 
Subnaeal  Point. — The  middle  of  the  inferior  border  of  the  anterior  nasal  aperture  at  the 

centre  of  the  nasal  spine. 
Vertex. — The  summit  of  the  cranial  vault 

Obelion. — A  point  over  the  sagittal  suture,  on  a  line  with  the  parietal  foramina. 
Lambda. — The  meeting-point  of  the  sagittal  and  lambdoid  sutures. 
Pterion. — The  region  of  the  antero- lateral  fontanelle  where  the  angles  of  the  frontal, 

parietal,  squamous  temporal,  and  alisphenoid  lie  in  relation  to  one  another.     As  a 
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rale,  the  sutures  are  arranged  like  the  letter  H)  the  parietal  and  alisphenoid  separating 

the  frontal  from  the  squamous  temporal     In  other  cases  the  form  of  the  suture  is  like 

an  X ;  whilst  in  a  third  variety  the  frontal  and  squamous  temporal  articulate  with 

each  other,  thus  separating  the  alisphenoid  from  the  parietal. 
Asterion  is  the  region  of  the  postero-lateral  fontanelle  where  the  lambdoid,  parieto-mastoid, 

and  occipito-mastoid  sutures  meet. 
Stepltanion. — The  point  where  the  coronal  suture  crosses  the  temporal  crest 
Dacryon. — The  point  where  the  vertical  lachrymo-maxillary  suture  meets  the  fronto-nasal 

suture  at  the  inner  angle  of  the  orbit 
Jngal  Point. — Corresponds  to  the  angle  between  the  vertical  border  and  the  margin  of  the 

zygomatic  process  of  the  malar  bone. 
Oonion. — The  outer  side  of  the  angle  of  the  Inferior  maxilla. 

The  measurements  of  the  length  of  the  skuU  may  be  taken  between  a  variety  of  points — the 
nasion,  glabella,  or  ophryon  in  front,  and  the  inion  or  maximum  occipital  point  behind.  Or  the 
maximum  length  alone  may  be  taken  without  reference  to  any  fixed  points.  In  all  cases  it  is 
better  to  state  precisely  where  the  measurement  is  taken*  The  maximum  breadth  of  the  head  is 
very  variable  as  regards  its  position ;  it  is  advisable  to  note  whether  it  occurs  above  or  below  the 
|>arieto-squamosal  suture.  The  inter-relation  of  these  measurements  as  expressed  by  the  cephalic 
index  has  Deen  already  referred  to.  The  width  of  the  head  may  also  be  measured  from  one  asterion 
to  the  other,  blasterionic  width,  or  by  taking  the  bistephanic  diameter. 

The  height  of  the  cranium  is  usually  ascertained  by  measuring  the  distance  from  the  basion 
to  the  bregma.  The  relation  of  the  height  to  the  length  may  be  expressed  by  the  height  or 
▼ertical  index,  thus — 

Length 

Skulls  are  classified  in  accordance  with  the  relations  of  length  and  height  as  follows : — 

Tapeinocephalic  index  below  72.  Chamsecephalic  index  up  to  70. 

Metriocephalic  index  between  72  and  77.  OrthocephaUc  index  from  70*1  to  75. 

Akrocephalic  index  above  77  (Turner).  ^        Hypsicephalic  index  76*1  and  upwards 

(Kollmann,  Ranke,  and  Virchow). 

The  horizontal  circumference  of  the  cranium,  which  ranges  from  450  mm.  to  550  mm.,  is 
measured  around  a  plane  cutting  the  glabella  or  ophryon  anteriorly,  and  the  maximum  occipital 
point  posteriorly.  The  longitudinal  arc  is  measured  from  the  nasion  in  front  to  the  opistnion 
behind;  if  to  this  be  added  the  basi-nasal  length  and  the  distance  between  the  basion  and  the 
opisthion,  we  have  a  record  of  the  vertico-mesial  circumference  of  the  cranium.  This  may  further 
be  divided  by  measuring  the  len^hs  of  the  frontal,  parietal,  and  occipital  portions  of  the 
superior  longitudinal  arc  In  this  way  the  relative  proportions  of  these  bones  may  be 
expressed. 

The  measurements  of  the  skeleton  of  the  face  are  more  complex,  but,  on  the  whole,  of  greater 
value  than  the  measurements  of  the  cranium.  It  is  in  the  face  that  the  characteristic  features  of 
race  are  best  observed,  and  it  is  here  that  osseous  structure  most  accurately  records  the  form  and 
proportions  of  the  living. 

The  form  of  the  fece  varies  like  that  of  the  cranium  in  the  relative  proportions  of  its  length 
and  breadth.  Generally  speaking,  a  dolichocephalic  cranium  is  associated  with  a  long  face,  whilst 
the  brachycephalic  type  of  head  is  correlated  with  a  rounder  and  shorter  face.  This  rule,  how- 
ever, is  not  imiversal,  and  there  are  many  exceptions  to  it. 

The  determination  of  the  facial  index  varies  according  to  whether  the  measurements  are  made 
with  or  without  the  mandible  in  position.  In  the  former  case  the  length  is  measured  from  the 
ophryon  or  nasion  above  to  the  mental  tubercle  below,  and  compared  with  the  maximum 
bi zygomatic  width.  This  is  referred  to  as  the  total  facial  index,  and  is  obtained  by  the 
formula — 

Ophryo-mental  length  xlOO    „,,-    .,.^ 
'^    \j.     —  ^.     -vj^u = Total  facial  index. 

Bizygomatic  width 

More  usually,  however,  owing  to  the  loss  of  the  lower  jaw,  the  proportions  of  the  face  are 
expressed  by  the  superior  facial  index.  This  is  determined  by  comparing  the  ophryo-alveolar  or 
naso-alveolar  length  with  the  bizygomatic  width,  thus — 

« 

Ophryo-alveolar  length  x  100    «  *    .  ,  .    , 

-^^—ir- r- — -jru = Superior  facial  index. 

Bizygomatic  width 

The  terms  dolichofacial  or  leptopfosope  and  brachyfacial  or  chamoeprosope  have  been 
employed  to  express  the  differences  thus  recorded. 

Uniformity  in  these  measurements,  however,  is  far  from  complete  since  many  anthropologists 
compare  the  width  with  the  len^h  =  100. 

The  proportion  of  the  face-width  to  the  width  of  the  calvaria  is  roughly  expressed  by  the  use  of 
the  terms  cryptOKygoui  and  phsenozygons  as  applied  to  the  skulL  In  the  former  case  the 
zygomatic  arches  are  concealed,  when  the  skull  is  viewed  from  above,  by  the  overhanging  and 
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projection  of  the  sides  of  the  cranial  box ;  in  the  latter  instance,  owing  to  the  narrowness  of  the 

calvaria,  the  zy^matic  arches  are  clearly  yisible. 

The  projection  of  the  face,  so  characteristic  of  certain  races  (Nefi^roes  for  example),  may  be 

estimated  on  the  living  by  measuring  the  angle  formed  by  two  straiffht  lines,  the  one  passing  from 

the  middle  of  the  external  auditory  meatus  to  the  lower  maigin  of  the  septum  of  the  nose  ;  the 

other  drawn  from  the  most  prominent  part  of  the  forehead  above  to  touch  the  incisor  teeth 

below.    The  angle  formed  by  the  intersection  of  these  two  lines  is  called  the  facial  angle 

(Camper),  and  ranges  from  62**  to  85^    The  smaller  angle  is  characteristic  of  a  muzzle-like 

projection  of  the  lower  part  of  the  face.    The  larger  angle  is  the  concomitant  of  a  more  vertical 

profile.    The  degree  of  projection  of  the  upper  iaw  in  tae  macerated  cranium  is  most  commonly 

expressed  by  employing  the  gnathic  or  alveolar  index  of  Flower.    This  records  the  relative 

proportions  of  the  basi -alveolar  and    bafli-nasal  lengths,, the  latter  being  regarded  as  =100, 

thus — 

Basi-alveolar  length  X  100    „     ^i..    .  j 

^—. rT--Ti =  Gnathic  index. 

Basi-nasal  length 

The  results  are  conveniently  grouped  into  three  classes : — 

Orthognathoas,  index  below  98 :  including  mixed  Europeans,  ancient  Egyptians,  etc 
Mesognathous,  index  from  98  to  103 :  Chinese,  Japanese,  Eskimo,  Polynesians  (mixed). 
Prognathoos,  index  above  103:  Tasmanians,  Australians,  Melanesians,  various  African 
Negroea 

Unfortunately,  however,  little  reliance  can  be  placed  on  the  results  obtained  by  this  method, 
since  it  takes  no  account  of  the  proportion  of  the  third  or  facial  side  of  the  gnathic  triang^le. 
For  a  further  discussion  of  this  matter  see  Thomson  and  Maclver,  Bctces  of  the  fhebaid  (Oxford  : 
Clarendon  Press,  1905). 

The  form  of  the  nasal  aperture  in  the  macerated  skull  is  of  much  value  from  an  ethnic 
standpoint,  as  it  is  so  intimately  associated  with  the  shape  of  the  nose  in  the  living.  The 
great^t  width  of  the  nasal  aperture  is  compared  with  the  nasal  height  (measured  from  the  nasion 
to  the  lower  border  of  the  nasal  aperture)  and  the  nasal  index  is  thus  determined : — 

Nasal  width  x  100    „      ,  .    , 
— vt  — i  ^r  '^in—= Nasal  index. 
Nasal  height 

Skulls  are — 

Leptorhine,  with  a  nasal  index  below  48:  as  in  mixed  Europeans,  ancient  Egyptians, 

American  Indians,  etc 
Hesorhine,  with  an  index  ranging  from  48  to  63 :  as  in  Chinese,  Japanese,  Malays,  etc 
Platyrhine,  with  an  index  above  53  :  as  in  Australians,  Negroes,  Kaffirs,  Zulus,  etc 

The  form  of  the  orbit  varies  considerably  in  different  races,  but  is  of  much  less  value  from  the 
standpoint  of  classification.  The  orbital  index  expresses  the  proportion  of  the  orbital  height  to 
the  orbital  width,  and  is  obtained  by  the  following  formula : — 

Orbital  height  x  100    /.  . ..  .  .    , 

— rr-rTT-T-^-rj-T: — = Orbital  index. 
Orbital  width 

The  orbital  height  is  the  distance  between  the  upper  and  lower  margins  of  the  orbit  at  the 
middle ;  whilst  the  orbital  width  is  measured  from  a  point  where  the  ridge  which  forms  the 
posterior  boundary  of  the  lachrymal  groove  meets  the  fronto- lachrymal  suture  (Flower),  or 
from  the  dacryon  (Broca)  to  the  most  distant  point  from  these  on  the  anterior  edge  of  the  outer 
border  of  the  orbit 

The  form  of  the  orbital  aperture  is  referred  to  as — 

Megaseme,  if  the  index  be  over  89 ; 
Mesoseme,  if  the  index  be  between  89  and  84 ; 
Hicroseme,  if  the  index  be  below  84. 

The  variations  met  with  in  the  form  of  the  palate  and  dentanr  arcade  may  be  expressed  by 
the  palato-maxillary  index  of  Flower.  The  len^h  is  measured  from  the  alveolar  point  to  a 
line  drawn  across  the  hinder  borders  of  the  superior  maxillary  bones,  whilst  the  widtn  is  taken 
between  the  outer  borders  of  the  alveolar  arch  immediately  above  the  middle  of  the  second 
molar  tooth.    To  obtain  the  index,  the  following  formula  is  employed  : — 

Pala to-maxillary  width  x  100    -»  ,  .  .„        ,    , 

— T,  ,  ^ .,-,  -    ,—  _,,      =Palato-maxillary  index. 

Palato-maxillary  length 

For  purposes  of  classification  Turner  has  introduced  the  following  terms : — 

Dolichnranic,  index  below  110. 
Mesoranic,  index  between  110  and  115. 
Brachynranic,  index  above  115. 

As  is  elsewhere  stated  (p.  183),  the  size  of  the  teeth  has  an  important  influence  on  the 
architecture  of  the  skulL    Considered  from  a  racial  standpoint,  the  relative  size  of  the  teeth  to 
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the  length  of  the  cranio-facial  axis  has  been  found  by  Flower  to  be  a  character  of  much  value. 
The  dental  length  is  taken  by  measuring  the  distance  between  the  anterior  surface  of  the  firat  pre- 
molar and  the  posterior  surface  of  the  third  molar  of  the  upper  jaw. 
To  obtain  the  dental  index  the  following  formula  is  usea  : — 

Dental  length  x  100    -    x  ,  .  j 

^-—- ri — tl-  =  Dental  index. 

BajBi-nasal  length 

Following  the  convenient  metho<l  of  division  adopted  with  other  indices,  the  dental  indices 
niay  Ije  diWoed  into  three  series,  called  respectively — 

Microdont,  index  below  42  :  including  the  so-called  Caucasian  or  white  races. 
Mesodont,  index  between  42  and  44 :  including  the  Mongolian  or  yellow  races. 
Hegadont,  index  above  44  :  comprising  the  black  races,  including  tlie  Australians. 

Many  complicated  instruments  have  been  devised  to  take  the  various  measurements  required, 
but  for  all  practical  purposes  the  calipers  designed  by  Flower  or  the  compas  glissih-e  of  Broca  are 
sufficient* 

As  an  aid  to  calculating  the  indices,  the  tables  published  in  the  Osteological  Catalogue  of  the 
Ruyal  Colleae  of  Surgeons  of  England,  Part  I.,  Man.;  Index -Tahelle^i  ztim  Anthroponietrischen 
Gebrauche,  C.  M.  Fui-st^  Jena,  1902 ;  or  the  index  calculator  invented  by  Dr.  Waterston  will  be 
found  of  much  service  in  saving  time. 

DEVELOPMENT  OF  THE  CHONDRO-CRANIUM  AND  MORPHOLOGY 

OF  THE  SKULL. 

As  has  been  already  stated  (p.  24),  the  cliorda  dorsalis  extends  forwards  to  a  point 
immediately  beneath  the  anterior  end  of  the  mid-brain.  In  front  of  this  the  head  takes 
a  beud  so  that  the  large  fore-brain  overlaps  the  anterior  extremity  of  the  notochord.  At 
this  stage  of  development  the  cerebral  vesicles  are  enclosed  in  a  membranous  covering 
derived  from  the  mesenchyme  surrounding  the  notochord  ;  this  differentiated  mesodermal 
layer  is  called  the  primordial  membranous  cranium.  From  it  the  meninges  which  invest 
the  brain  are  derived.  In  lower  vertebrates  this  membranous  capsule  becomes  converted 
into  a  thick -walled  cartilaginous  envelope,  the  primordial  cartilaginous  cranium.  In 
mammals,  however,  only  the  basal  part  of  this  capsule  becomes  chondrified,  the  roof  and 
part  of  the  sides  remaining  membranous.  In  considering  the  chondrification  of  the  skull 
in  mammals,  it  must  be  noted  that  part  only  of  the  base  is  traversed  by  the  notochord, 
viz.  that  portion  which  extends  from  the  foramen  magnum  to  the  dorsum  sellee  of  the 
sphenoid.  It  is,  therefore,  conveniently  divided  into  two  parts — one  posterior,  surrounding 
the  notochord,  and  liencc  called  chordal,  and  one  in  front,  into  which  the  notochord  does 
not  extend,  and  hence  termed  prechordal.  These  correspond  respectively  to  the  vertebral 
and  evertebral  regions  of  Gegenbauer.  In  the  chordal  region  a  pair  of  elongated  cartilages, 
called  the  parachordal  cartilages,  appear  one  on  either  side  of  the  notochord  ;  these  soon 
all  but  completely  envelop  the  chorda,  and  expand  so  as  to  form  the  basilar  or  occipital 
plate,  which  ossifies  later  to  form  the  V>a8ilar  process  of  the  occipital  bone,  and  the  dorsum 
selhe  of  the  sphenoid.  By  backward  extension  from  the  occipital  plate  on  either  side  and 
around  the  foramen  magnum  the  cartilaginous  ex-occipitals  and  supra-occipitals  are  also 
formed.  In  the  prechordal  region  two  curved  strips  of  cartilage,  the  trabeculse  cranii  of 
Kathke,  arise  and  pass  forwards  from  the  anterior  extremity  of  the  notochord,  one  on 
either  side  of  the  cranio -pharyngeal  canal.  In  front  these  trabeculse  spread  out  and 
ultimately  fuse  to  form  the  ethmoidal  plate,  which  constitutes  the  fore  part  of  the 
chondro-cranium.  Posteriorly  the  trabeculee  unite  with  the  basilar  plate  and  thus  surround 
the  crauio-pharyngeal  canal,  the  lumen  of  which  is  subsequently  closed  to  form  the  floor 
of  the  pituitary  fossa,  in  which  rests  the  hypophysis  cerebri.  Owing  to  the  presence  of 
the  nasal  capsules,  the  fore-part  of  the  ethmoidal  plate  becomes  differentiated  into  an 
ethmo-yomerine  region,  from  which  the  nasal  septum  and  its  associated  cartilages  are 
derived,  whilst  the  remainder  of  the  ethmoidal  plate  by  expansion  and  subsequent  ossifica- 
tion develops  to  form  the  pre-sphenoid,  the  orbito-sphenoids,  and  the  ali-sphenoids,  which 
latter  assist  in  completing  the  orbital  cavity  for  the  lodgment  of  the  eyeball.  The 
mem'branous  ear  capsules  which  lie  lateral  to  the  parachordal  cartilages  become  chondrified 
and  form  the  cartilaginous  ear  capsules.  These  soon  unite  with  the  lateral  aspects  of 
the  basilar  plate,  but  are  separated  in  front  from  the  cartilaginous  alisphenoid  of  the 
ethmoidal  plate  by  a  membranous  interval,  which  is  subsequently  occupied  by  the 
squamosal,  a  bone  of  dermic  origin.  This  disappearance  of  the  cartilage  under  the  squa- 
mosal was  regarded  by  Parker  as  the  diagnostic  mark  of  the  mammalian  chondro-cranium. 

From  the  ventral  surface  of  this  cartilaginous  platform — formed,  as  described,  by  tb 
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union  of  the  trabecuke,  parachordal  cartilages,  and  cartilaginous  ear  oapsulea — is  suspended 
the  cartilaginous  framework  of  the  visceral  arches,  which  play  so  important  a  part  id  the 
development  of  the  face,  an  account  of  which  is  elsewhere  given  (p.  36). 

A  consideration  of  the  facts  of  comparative  anatomy  and  embryology  appears  to  justifiy 
the  assumption  that  the  mammalian  skull  is  of  two-fold  origin — that,  in  fact,  it  is 
composed  of  two  envelopes,  an  outer  and  an  inner,  primarily  distinct,  but  which  in  the 
process  of  evolution  have  become  intimately  fused  together.  The  inner,  called  the 
primordial  skull,  is  that  which  has  just  been  described,  and  consists  of  the  chondro- 
oranium  and  the  branchial  skeleton.  The  outer,  which  is  of  dermic  origin,  includes  the 
bones  of  the  cranial  vault  and  face  whicb  are  developed  in  membrane.  This  secondary 
skull,  which  first  appears  in  higher  fishes  as  ossified  dermal  plates  overlying  the  primary 
skull,  acquires  a  great  importance  in  the  mammalia,  as  owing  to  the  expansion  of  the 
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Coccri  {about  the  middle  of  the  third  month) ;  the  cortUtge  i»  coloured  bine.    The  line  to  the  right 
of  tlie  drawing  show*  the  artital  viie 

brain  and  the  progressive  reduction  of  the  chondro-craninm,  these  dermal  bones  become 
engrafted  on  and  incorporated  with  the  primordial  skull,  and  act  as  covering  bones  to  the 
cavities  of  the  cranium  and  face;  for  it  may  be  well  tA  point  out  that  these  dermal  or 
membrane  bones  are  not  necessarily  eitemal  in  position,  as  over  the  cranial  vault,  hut 
also  develop  in  the  tissues  underlying  the  mucous  membrane  of  the  cavities  of  the  face. 

Advantage  is  taken  of  this  difference  in  the  mode  of  development  of  the  bones  of  the 
skull  to  classify  them  according  to  their  origin  into  caitilage  or  primordul  bonas,  and 
membrane  or  secondary  bones.  These  differences  in  the  growth  of  the  bone  must  not  be 
too  much  insisted  on  in  determining  the  homologies  of  the  bones  of  the  skull,  as  it  is  now 
generally  recc^nised  that  all  bone  is  of  membranous  origin,  and  that  whilst  in  some 
oases  cartilage  may  become  calcified,  it  never  undci^oes  conversion  into  true  bone,  but  is 
replaced  by  ossific  deposit  derived  from  a  membranous  sotirce.  In  the  subsequent  growth 
of  the  skull  parts  of  the  cartilaginous  cranium  persist  as  the  septal  and  alar  cartilage*  of 
the  nose,  whilst  for  a  considerable  period  the  basi-sphenoid  and  boai-occipital  are  still 
united  by  cartilage.  The  cartilage  also  which  blocks  the  foramen  lacerum  medium  may 
be  regarded  as  a  remnant  of  the  chondro-craninm. 

Till  two  years  after  birth  there  are  membranous  intervals  between  the  edges  and 
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angles  of  the  bones  of  the  cranial  vault.  These  are  termed  the  fontaiielles.  Normally 
thej  are  six  in  number,  and  correspond  in  the  adult  to  the  position  of  the  bregma  and 
lambda  in  the  middle  line  and  the  pterion  and  asterion  on  either  side.  The  anterior  or 
bregmatic  fontanelle  is  diamond-shaped,  and  corresponds  to  the  converging  angles  of  the 
parietals  and  two  halves  of  the  frontal  bone.  The  posterior  fontanelle  is  triangular  in 
form,  and  lies  between  the  two  parietals  and  the  summit  of  the  occipital  squama.  The 
antero-lateral  fontanelle  lies  between  the  contiguous  margins  of  the  frontal,  parietal, 
squamous  temporal,  and  great  wing  of  the  sphenoid,  whilst  the  postero-lateral  fontanelle 
is  situated  between  the  adjacent  borders  of  the  parietal,  occipital,  and  mastoid  portion  of 
the  temporal.  The  term  occipital  fontanelle  is  applied  to  a  membranous  interval  which 
occurs  in  the  fcetal  condition  posterior  to  the  foramen  magnimi,  and  between  the  lateral 
halves  of  the  cartilaginous  supra-occipitaL  Its  persistence  accounts  for  the  occasional 
occurrence  of  a  cerebml  meningocele.^ 

Whilst  in  many  instances  the  primordial  and  secondary  bones  remain  distinct  in  the 
fully-developed  condition,  they  sometimes  fuse  to  form  complex  bones,  such  as  the  temporal 
and  sphenoid  (see  pp.  120  and  127). 

Various  theories  have  been  advanced  to  account  for  the  mode  of  formation  of  the 
skulL  The  earliest  of  these  was  called  the  vertebrate  theory,  which  assumed  that  the 
cranium  was  built  up  of  a  series  of  modified  vertebne,  the  centra  of  which  corresponded  to 
the  basi-cranial  axis,  whilst  the  neural  arches  were  represented  by  the  covering  bones  of 
the  cranium.  In  view  of  the  more  recent  researches  regarding  the  composite  origin  of  the 
skull  above  referred  to,  this  theory  was  necessarily  abandoned.  It  gave  way  to  the 
suggestion  of  Gegenbauer  that  the  primordial  cranium  has  arisen  by  the  fusion  of  several 
segments  equivalent  to  vertebrte,  the  number  of  which  he  determined  by  noting  the 
metameric  arrangement  of  the  cranial  nerves,  of  which  he  concluded  there  were  nine  pairs, 
arranged  much  like  spinal  nerves,  both  as  to  their  origin  and  distribution.  The  olfactory 
and  optic  nerves,  though  frequently  referred  to  as  cranial  nerves,  are  excluded,  since  from 
the  nature  of  their  development  they  are  to  be  regarded  as  metamorphosed  parts  of  the 
brain  itself.  Gegenbauer  therefore  assumed  that  that  portion  of  the  cranial  base  which  is 
traversed  by  the  nine  pairs  of  segmentally  arranged  cranial  nerves  must  be  formed  by  the 
fusion  of  nine  vertebral  segments ;  and  as  the  region  where  the  nerves  escape  corresponds 
to  the  part  of  the  chondro-cranium  traversed  by  the  notochord,  he  calls  it  the  vertebral 
portion  of  the  cranial  base,  in  contradistinction  to  the  trabecular  or  non-vertebral  part 
which  lies  in  front.  This  latter  he  regards  as  a  new  formation  adapted  to  receive  the 
greatly-developed  brain  and  afford  protection  to  the  organs  of  sight  and  smell. 

As  has  been  pointed  out  by  Hertwig,  there  is  an  essential  difference  between  the 
development  of  the  axial  cartilaginous  skeleton  of  the  trunk  and  head.  The  former  becomes 
segmented  into  distinct  vertebrae  alternating  with  intervertebral  ligaments;  whilst  the 
latter,  in  order  to  attain  the  rigidity  necessary  in  this  part  of  the  skeleton,  is  never  so 
divided.  It  follows  from  this  that  the  original  segmentation  of  the  head  is  only  expressed 
in  three  ways,  viz.  in  the  appearance  of  several  primitive  segments  (myotomes),  in  the 
arrangement  of  the  cranial  nerves,  and  in  the  fundament  of  the  visceral  skeleton  (visceral 
arches).  According  to  Froriep  the  mammalian  occipital  corresponds  to  the  fusion  of  four 
vertebrae,  and  there  is  some  reason  for  supposing  that  in  some  classes  of  vertebrates  the 
occipital  region  of  the  primordial  cranium  is  increased  by  fusion  with  the  higher  cervical 
segments. 

The  form  of  skull  characteristic  of  man  is  dependent  on  the  large  proportionate 
development  of  the  cranial  part,  which  contains  the  brain,  and  the  reduction  in  size  of  the 
visceral  part  (face),  which  protects  the  organs  of  special  sense.  This  leads  to  a  decrease 
in  the  mass  and  projection  of  the  jaws,  as  well  as  a  reduction  in  the  size  of  the  teeth. 
Associated  with  the  smaller  mandible  there  is  a  feebler  musculature,  with  a  reduced  area 
of  attachment  to  the  sides  of  the  skull.  In  this  way  the  disappearance  of  the  muscular 
crests  and  fossae,  so  characteristic  of  lower  forms,  is  accounted  for.  At  the  same  time  the 
fact  that  the  skull  is  poised  on  the  summit  of  a  vertical  column,  leads  to  important 
modifications  in  its  structure.  The  disposition  of  parts  is  such  that  the  occipito-vertebral 
articulation  is  so  placed  that  the  fore  and  hind  parts  of  the  head  nearly  balance  each  other, 
thus  obviating  the  necessity  for  a  powerful  muscular  and  ligamentous  mechanism  to  hold 
the  head  erect. 

Another  noticeable  feature  in  connexion  with  man's  skeleton  is  the  prolonged  period 
during  which  growth  may  occur  before  maturity  is  reached  ;  this  is  associated  with  a  more 
complete  consolidation  of  the  skull,  since  bones,  which  in  lower  forms  remain  throughout 

^  For  further  Information  regarding  anomalous  conditions  of  the  fontanelles  and  the  occurrence  of  Wormian 
or  sutnral  ossicles,  see  F.  Frassetto,  Ann.  dea  Sci.  Nat,  Zool.  8«  s^r.  xviii.  1908. 
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life  distinct,  are  in  man  fused  with  each  other,  as  exemplified  in  the  case  of  the  prespheuoid 
and  postsphenoid,  the  occipital  and  the  interparietal,  to  mention  one  or  two  inBtances 
among  maay.  It  is  noteworthy,  however,  that  during  ootogeny  the  morphological  aignifi' 
cance  of  these  bones  is  clearly  demonstrated  by  their  independent  ossification. 

The  points  of  exit  of  the  various  cranial  nerves  remain  remarkably  constant,  and  iii 
their  primitive  condition  serve  to  suggest  the  segmental  arrangement  of  the  cartilaginous 
chondro-cra^nium  already  referred  to.  Owing  to  the  very  great  modifications  which  the 
mammalian  skull  lias  undergone  in  the  process  of  ita  evolution,  it  may  be  pointed  out  that 
the  passage  of  the  nerves  through  the  dura  mater — a  derivative,  the  readers  may  be 
reminded,  of  the  primordial  membranous  cranium  (see  ante)— alone  represents  the  primitive 
dixposition  of  the  nerves.  Their  subsequent  escape  through  the  bony  base  is  a  tator  and 
secondary  development.  In  some  cases  the  two,  membranous  or  primary  and  the  osseous 
or  secondary  foramina,  correspond.  In  other  instances  the  exit  of  the  nerves  through  the 
dura  nmter  does  not  coincide  wiLh  the  passage  through  the  bone. 

Of  interest  in  this  connexion  it  may  be  pointed  out  that  the  foramina  and  canals 
which  traverse  the  skall  are  either  situated  in  the  line  of  suture  between  adjacent  hooee 
or  in  the  line  of  fusion  of  the  constituent  parts  of  which  the  bone  pierced  is  made  up. 
For  example,  the  sphenoidal  fissure  is  situated  between  the  orbito  and  aliaphenoids ;  the 
anterior  condylic  between  the  hasi  and  exoccipitals ;  the  jugular  between  the  petrous, 
basi,  and  eioccipital ;  the  optic  between  the  orbi to-sphenoid  and  the  presphenoid  ;  the 
Vidian  between  the  alisphenoid,  internal  pterygoid  plate,  and  the  lingula. 

THE  BONES  OF  THE  UPPER  EXTREMrTY. 

The  Clavicle. 

The  clavicle  (clavicula),  or  collar  bone,  one  of  the  elements  in  the  formation 
of  the  shoulder  girdle,  consists  of  a  curved  shaft,  the  extremities  of  which  aro 
enlarged.  The  inner  end,  since  it  articulates  with  the  sternum,  is  called  the 
sternal  end ;  the  outer  extremity,  from  ita  union  with  the  acromion  process  of  the 
scapula,  is  known  as  the  acromial  end. 

The  eternal  end  (extremitas  steroalis)  is  enlarged,  and  rests  upon  the  meuiscue 
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of  fibro-cartilage  which  is  interposed  between  it  and  the  clavicular  facet  on  the 
upper  and  external  angle  of  the  manubrium  sterni.  It  is  also  supported  by  a  small 
part  of  the  inner  end  of  the  cartilage  of  the  first  rib.  Its  articular  surface,  usually 
broader  from  above  downwards  than  from  side  to  side,  displays  an  antero-posterior 
convexity,  whilst  tending  to  be  sUghtly  concave  in  a  vertical  direction.  The  edge 
around  the  articular  area  which  serves  for  the  attachment  of  the  capsule  of  the 
sterno- clavicular  articulation  is  sharp  and  well  defined,  except  below  where  it  is 
rounded. 

The  shaft  is  so  curved  that  its  anterior  outline  is  convex  in  its  inner  two-thirds, 
whilst  concave  in  the  outer  third  of  its  length.  Rounded  or  prismatic  in  form 
towards  its  sternal  extremity,  the  shaft  becomes  compressed  and  flattened  towards 
its  outer  end.  Its  mtperior  surface,  which  is  smooth  and  subcutaneous  throughout 
ita  whole  length,  is  directed  upwards  and  forwards ;  the  inferior  mrface  is  inclined 
downwards  and  backwards.  The  anterior  border,  which  separates  the  upper  from 
the  under  surface  in  front,  is  rough  and  tubercular  towards  ita  inner  end  for  the 
attachment   of  the  clavicular   fibres  of  the  pectoralis  major,  whilst  externally 
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where  it  becomes  continuous  with  the  anterior  margin  of  the  acromial  end,  it  ia 
better  defined,  and  bears  the  imprint  of  the  origin  of  the  fibres  of  the  deltoid 
muacle ;  here,  not  uncommonly,  a  projecting  spur  of  bone,  called  the  deltoid 
tabexele,  may  be  seen.     The  posterior  border  is  broad  internally,  where  it  la  lipped 


Flo.  129.— Right  Clavicle  ab  bbin  mou  Bklow. 

superiorly  to  furnish  an  attachment  for  the  clavicular  fibres  of  the  stemo- 
maatoid  muscle ;  behind  and  below  this  the  eterno  -  hyoid  and  sterno  -  thyroid 
muscles  are  attached  to  the  bone.  Externally,  the  posterior  border  becomes  more 
rouoded,  an3  is  coafluent  with  the  posterior  edge  of  the  acromial  end  at  a  point 
where  there  is  a  marked  outgrowth  of  bone  from  its  under  surface,  the  conoid 
tabarde  (tuberositas  coracoidea).  Into  the  outer  third  of  this  border  are  inserted 
the  upper  and  anterior  fibres  of  the  trapezius  muscle.  The  inferior  surface  of  the 
shaft  close  to  the  sternal  end  is  marked  by  an  irregular  elougated  impression 
(tuberositas  costalis),  often  deeply  pitted,  for  the  attachment  of  the  rhomboid 
ligament,  which  unites  it  to  the  cartilage  of  the  first  rib.  External  to  this  the 
shaft  is  channelled  by  a  groove  which  terminates  close  to  the  conoid  tubercle ;  into 
this  groove  the  subclavius  muscle  is  inserted. 

The  acromial  end  of  the  bone  is  flattened  and  compressed  from  above  down- 
wards, and  expanded  from  before  backwards ;  its  anterior  edge  is  sharp  and  well 
defined,  and  gives  attachment  to  the  deltoid  muscle,  which  also  spreads  over  part 
of  its  upper  surface.  Its  posterior  margin  is  rougher  and  more  tubercular,  and 
provides  a  surface  for  the  insertion  of  the  trapezius.  The  area  between  these  two 
moBCulat  attachments  is  smooth  and  subcutaneous.  The  outer  edge  of  this 
forwaid-tumed  part  of  the  bone  is  provided  with  an  oval  facet  (facies  articularis 
acromialis)  for  articulation  with  the  acromion  process  of  the  scapula ;  the  margins 
around  this  articular  area  serve  for  the  attachment  of  the  capsule  of  the  Joint. 
The  inferior  surface  of  the  acromial  end  of  the  bone  is  traversed  obhquely  from 
behind  forwards  and  outwards  by  a  rough  ridge  or  line  called  the  trapezoid  or 
oUiqoe  ridge.  The  posterior  extremity  of  this  ridge,  as  it  abuts  on  the  posterior 
border  of  the  bone,  forms  a  prominent  process,  the  conoid  tnlraicle  (tuberositas 
coracoidea) ;  to  each  of  these,  respectively,  are  attached  the  trapezoid  and  conoid 
portions  of  the  coraco-clavicular  ligament. 

Nntrient  Foramina-  — The  foramina  for  the  larger  niilrient  vi».wls,  of  which  lliere  may  be 
one  or  tvro  directed  oiitwanis,  are  usually  found  about  the  middle  of  the  poHl^rior  border,  or  it 
nisY  be  opening  into  tlie  floi)r  of  the  gnmvo  for  the  aubclaviuB  muscle. 

Arcmtecture. — The  thaft  cunsisle  of  an  oul«r  layer  of  compact  bone,  tbtckesl  towards  the 
centre,  but  gradually  thinning  towards  the  extremities,  the  investing  envi'lcijie  r>f  which  consijits 
niervly  of  a  thin  sliell.  Witliin  the  shaft  the  cancellous  lissne  displays  a  longitudinal  striation, 
■  hich  internally  assumeti  a  moru  cellular  appearance.  At  the  acromial  end  the  general  arrange- 
ment of  the  fibres  reseinblea  the  appearance  of  the  sides  of  a  Qothic  arch.  The  curves  of  Uie 
lione  impart  an  elasticity  to  it,  which  is  of  much  service  in  reducii^t  the  effects  of  the  shocks  to 
which  it  is  an  frequently  subjected. 

Variationa.  —The  clavicles  of  women  are  more  slender,  lens  curvc<l,  and  shorter  than  those  of 
men.  In  the  lalter  the  bone  is  so  inclined  that  its  outer  end  lies  slightly  higher  or  on  the  same 
level  with  the  sternal  end.  In  women  the  bone  usually  slopes  a  little  (loivnward  and  outward. 
The  more  pronounre<l  curves  of  some  bones  are  iirobably  associated  with  a  more  powerful 
development  of  the  [>ectDral  and  deltoid  muscles,  a  circumstance  which  also  affords  an  explana- 
tion of  the  differences  usually  seen  between  the  right  and  left  bones,  the  habitual  use  of  tlie  right 
iip]>er  limb  reacting  on  the  form  of  the  bone  of  that  side.  The  influuiice  of  muscular  action, 
however,  does  not  wholly  account  for  the  production  of  the  curves  of  the  bone,  since  the  bone 
bas  been  sbowni  to  display  its  characteristic  features  in  cases  where  there  has  been  defective 
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development  or  absence  of  the  upper  limb  (Beynault).  Partial  or  complete  absence  of  the 
clavicle  has  been  recorded.  W.  S.  Taylor  exhibited  an  interesting  case  of  this  kind  at  the 
Clinical  Society  of  London,  October  26,  1901. 

Ossification. — Phylogenetically  of  dermic  origin,  the  clavicle  in  man  is  remarkable  in 
„^      ,....«.     .  __,  .  .     .  commencing  to  ossify  before 

sternal  epiphysis  ossifies  about  Primary  centre  appears  about  ,        ,  °        ■      ^i/    i_   j 

20th  year ;  fuses  about  25th  year  5th  or  6th  month  of  foetal  life  any  Ottier  DOne  ID  tbC  body  ; 

this  occurs  as  early  as  the 
fifth  or  sixth  week  of  foetal 
life.  The  primitiTe  centre 
from  wliich  the  shaft  and 
outer  extremity  are  developed 
appears  prior  to  the  forma- 
Fio.  130.— Ossification  of  the  Clavicle.  tion    of    any    cartilaginous 

matrix ;  and  it  is  not  till  a 
later  stage  that  cartilage  plays  a  part  in  the  development  of  the  bone  by  assisting  in  the 
growth  of  its  extremities. 

A  secondary  centre  or  epiphysiB  appears  at  the  sternal  end  about  the  age  of  twenty 
or  later,  and  fusion  rapidly  occurring  between  it  and  the  shaft,  ossification  is  completed 
at  the  age  of  twenty-five  or  thereabouts. 

The  Scapula. 

The  scapula  (scapula),  shoulder  blade  or  blade  bone,  is  of  triangular  shape  and 
flattened  form.  It  has  two  surfaces,  ventral  and  dorsal  From  the  latter  there 
springs  a  triangular  process  called  the  spine,  which  ends  externally  in  the  acromion ; 
whilst  from  its  superior  border  there  arises  a  beak -like  projection  called  the 
coracoid  process. 

The  body  of  the  bone,  which  is  thin  and  translucent,  except  along  its  margins 
and  where  the  spine  springs  from  it,  has  three  borders  and  three  angles.  Of  these 
borders  the  internal  or  vertebral  (marge  vertebralis)  is  the  longest ;  it  stretches 
from  the  superior  angle  above  to  the  inferior  angle  below.  Of  curved  or  somewhat 
irregular  outline,  it  affords  a  narrow  surface  for  the  insertion  of  the  levator  anguli 
scapulae,  rhomboideus  minor,  and  rhomboideus  major  muscles. 

The  superior  border  (margo  superior),  which  is  thin  and  sharp,  is  the  shortest  of 
the  three.  It  runs  from  the  superior  angle  towards  the  root  of  the  coracoid  process, 
before  reaching  which,  however,  it  is  interrupted  by  the  suprascapular  notch  (in- 
cisura  scapulae),  which  lies  immediately  to  the  inner  side  of  the  base  of  that  process. 
This  notch,  which  is  converted  into  a  foramen  by  a  ligament,  or  occasionaUy  by  a 
spicule  of  bone,  transmits  the  suprascapular  nerve.  Attached  to  the  superior 
border,  close  to  the  notch,  is  the  posterior  belly  of  the  omo-hyoid.  The  external  or 
aayillary  border  (margo  axillaris),  so  called  from  its  relation  to  the  hollow  of  the 
armpit  (axilla),  is  much  stouter  than  either  of  the  others ;  it  extends  from  the 
external  angle  above  to  the  inferior  angle  below.  The  upper  inch  or  so  of  this 
border,  which  lies  immediately  below  the  glenoid  articular  surface,  is  rough  and 
tubercular  (tuberositas  infraglenoidalis),  and  affords  attachment  to  the  long  head 
of  the  triceps.  Below  this  it  is  usually  crossed  by  a  groove  which  marks  the 
position  of  the  dorsal  artery  of  the  scapula.  The  superior  angle  (angulus  medialis) 
is  sharp  and  more  or  less  rectangular ;  the  inferior  angle  (angulus  inferior)  is 
blunter  and  more  acute ;  whilst  the  external  angle  (angulus  lateralis)  corresponds 
to  that  part  of  the  bone  which  is  sometimes  called  the  head,  and  which  supports 
the  glenoid  surfiEkce  and  the  coracoid  process. 

The  glenoid  surface  is  a  pyriform  articular  area,  slightly  concave  from  above  down- 
wards and  from  side  to  side ;  its  border  is  but  slightly  raised  above  the  general  surface 
and  affords  attachment  in  the  recent  condition  to  the  glenoid  ligament,  which  helps 
to  deepen  the  socket  in  which  the  head  of  the  humerus  resta  Below,  the  margin 
of  the  glenoid  fossa  is  confluent  with  the  infh^Ienoid  impression  (tuberositas  infra- 
glenoidalis), whilst  above  it  blends  with  a  tubercle  (tuberositas  supraglenoidalis), 
to  which  the  long  head  of  the  biceps  muscle  is  attached.  Springing  from  the 
upper  part  of  the  head,  in  line  with  the  superior  border,  is  the  coracoid  process 
(processus  coracoideus).     The  base  of  this  is  limited  externally  by  the  glenoid 
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edge,  whilst  intemaUy  it  ia  separated  from  the  superior  border  by  the  supra- 
scapular notch.  Rising  upwarti  for  a  short  q)ace.  it  benda  oe  itself  at  nearly  a 
right  angle,  and  ends  in  a  process  which  is  directed  outwards  and  slightly  forwards, 
overhanging  the  glenoid  foesa  above  and  in  front.  Compressed  from  above  down- 
wards, it  has  attached  to  its  upper  surface  near  its  angle  the  conoid  hgament,  wide 
of  which  there  is  a  rough  area  for  the  trapezoid  ligament.  Attached  to  its 
posterior  border  is  the  coraco-acromial  hgament,  whilst  at  its  extremity  and 
towards  the  front  of  its  anterior  border,  is  the  combined  origin  of  the  biceps  aud 
curaco-brachialis,  together  with  the  insertion  of  the  pectoralis  minor.     The  neck 
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(ooUum  Bcapulse)  is  that  somewhat  constricted  part  of  the  bone  which  supports  Uie 
head  ;  it  corresponds  in  front  and  behind  to  a  line  drawn  from  the  suprascapular 
notch  to  the  infr^lenoid  tubercle. 

The  body  of  the  bone  has  two  surfaces,  a  dorsal  (faciee  dorsalis)  ana  a  ventral 
(facies  costalis).  The  former  is  divided  into  two  fossfe  by  an  outBtanding  process 
of  triangular  form,  called  the  spine  (spina  scapulee).  The  attached  border  of  this 
croascB  the  back  of  the  body  obhquely  in  a  direction  outwards  and  slightly 
upwards,  extending  from  the  vertebral  border  near  the  lower  limit  of  its  upper 
fourth  towards  the  centre  of  the  posterior  glenoid  edge,  from  which,  however,  it 
is  separated  by  the  great  icapnlar  notch,  which  here  corresponds  to  the  posterior 
aspect  of  the  neck.  The  surfaces  of  the  spine,  which  are  directed  upwards  and 
downwards,  are  concave,  the  upper  entering  into  the  formation  of  the  saprupinoiu 
fima,  which  Ues  above  it,  the  lower  forming  the  upper  wall  of  the  infrupinoiu  fona. 
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which  lies  below  it.  The  two  fosase  are  in  communication  with  each  other  round 
the  free  external  concave  border  of  the  spine,  where  that  curves  over  the  great 
scapular  notch.  The  posterior  free  border  of  the  epine  is  subcutaneous  throughout 
its  entire  length.  Its  upper  and  lower  edges  are  strongly  lipped,  and  Ber>e — the 
superior,  for  the  attachment  of  the  trapezius ;  the  inferior,  for  the  origin  of  the 
deltoid.  The  intervening  surface  varies  in  width — broad  and  triangular  where  it 
becomes  confluent  with  the  vertebral  border,  it  displays  a  smooth  surface,  over 
which  the  tendinous  fibres  of  the  trapezius  play;  narrowing  rapidly,  it  forms  a 
surface  of  varying  width  which  blends  externally  with  a  Battened  process,  the  two 

forming  a  compressed 
AoROHTon       I.AV1CI-L1B  TACET  platc  of   boue   wliich 

arches  across  the 
scapular  notch  above 
and  behind,  and  then 
curves  forwards,  up- 
wards, and  outwards  to 
overhang  the  glenoid 
fossa.  The  internal 
border  nf  this  process 
is  continuous  with  the 
upper  margin  of  the 
spine,  and  is  gently 
curved.  The  external 
border,  more  curved 
than  the  inner,  with 
which  it  is  united  in 
a  front,  is  confluent  with 
I  the  inferior  edge  of 
i  the  spine,  with  which 
I  it  forms  an  abrupt 
S  bend,  termed  the 
acromial  angle.  The 
bone  included  between 
these  two  borders  itt 
called  theacromioii  pro- 
cess. Of  compressed 
form,  it  much  re- 
sembles the  acromial 
end  of  the  clavicle, 
with  which  it  articu- 
lates by  means  of  a 
facet  (facies  articularis 
acromii)  which  is 
placed  on  its  internal 
iNfiRioR  ANOLE  lK)i-der  UBM  its  auterior 

Flo.  132.— Thb  Right  Scapula  ab  sibn  vrom  tbk  Fbont.  extremity.       The    su- 

perior surface  of  the 
acromion,  which  is  broad  and  expanded,  is  subcutaneous,  and  is  directed  upwards  and 
backwards,  and  in  the  normal  position  of  the  bone  outwards  as  well.  Its  internal  edge, 
where  not  in  contact  with  the  clavicle,  has  attached  to  it  the  fibres  of  the  trapezius. 
whilst  its  external  margin  affords  origin  to  the  central  part  of  the  deltoid.  At  its 
anterior  extremity  it  is  connected  with  the  coracoid  process  by  means  of  the  coraco- 
acromial  ligament.     Its  under  surface  is  smooth  and  overhangs  the  shoulder  joint. 

The  Bapraspinons  fossa,  of  much  less  extent  than  the  infraspinous,  is  placed 
above  the  spine,  the  upper  surface  of  which  assists  in  forming  its  curved  floor ;  in 
it  is  lodged  the  supraspinatus  muscle.  The  suprascapular  notch  opens  into  it  above, 
whilst  below  and  externally  it  communicates  with  the  infraspinous  fossa  by  the 
great  scapular  notch,  through  which  the  suprascapular  artery  and  nerve  pass  to 
reach  the  infraspiuous  fossEL 
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The  infrasinxioiis  fossa,  overhung  by  the  spine  abovei  is  of  triangular  form.  The 
axillary  border  of  the  bone  limits  it  in  front,  whilst  the  vertebral  margin  bounds  it 
behind  ;  the  greater  part  of  this  surface  affords  origin  to  the  infraspinatus  muscle, 
excepting  a  well-defined  area  which  skirts  the  axillary  border  and  inferior  angle  of 
the  bone,  and  which  affords  an  attachment  to  the  fibres  of  origin,  of  the  teres  minor. 
This  muscle  extends  along  the  posterior  surface  of  the  axillary  border  in  its  upper 
two> thirds,  reaching  nearly  as  high  as  the  glenoid  edge ;  whilst  a  crescentic  surface, 
which  occupies  the  lower  third  of  the  axillary  border  and  curves  backward  round 
the  posterior  aspect  of  the  inferior  angle,  furnishes  an  origin  for  the  teres  major 
muacla  Here  also,  near  the  inferior  angle,  are  occasionally  attached  some  of  the 
fibres  of  the  latissimus  dorsi  muscle. 

The  ventral  aspect  (facies  costalis)  of  the  body  is  hollow  from  above  downwards 
and  from  side  to  side,  the  greatest  depth  being  in  correspondence  with  the  spring  of  the 
spine  from  the  dorsal  surface.  Its  inner  boundary,  which  is  formed  by  the  anterior 
lipped  edge  of  the  vertebral  border,  affords  attachment  to  the  fibres  of  insertion  of 
the  serratus  magnus  along  the  greater  part  of  its  extent.  The  area  of  insertion  of 
this  muscle  is,  however,  considerably  increased  over  the  anterior  aspects  of  the 
superior  and  inferior  angles  respectively.  Bunning  down  from  the  head  and  neck 
above  to  the  inferior  angle  below,  there  is  a  stout  rounded  ridge  of  bone,  which 
imparts  a  fulness  to  the  anterior  aspect  of  the  axillary  border  and  increases  the 
depth  of  the  ventral  hollow ;  to  this,  as  well  as  to  the  floor  of  the  fossa,  the  sub- 
Bcapularis  muscle  is  attached.  The  tendinous  intersections  of  this  muscle  leave 
their  imprint  on  this  surface  of  the  bone  in  a  series  of  three  or  four  rough  lines 
which  converge  towards  the  neck. 

Nutrient  Foramina. — Foramina  for  the  passage  of  nutrient  vessels  are  seen  in  different  parts 
of  the  bone ;  the  most  constant  in  position  is  one  wnich  opens  into  the  infraspinous  fossa,  about  an 
inch  or  so  from  the  scapular  notch.  Others  are  met  with  on  the  upper  and  under  surfaces  of  the 
spine,  on  the  ventral  aspect  near  its  deepest  part,  and  also  around  the  glenoid  margin. 

Oonnezions. — The  scapula  is  not  directly  connected  with  the  trunk,  but  articulates  with  the 
outer  end  of  the  clavicle,  in  union  with  which  it  forms  the  shoulder  girdle  supporting  the 
humerus  on  its  glenoid  surface.  Placed  on  the  upper  and  back  part  of  the  thorax,  it  covers  the 
ribe  from  the  second  to  the  seventh  inclusive.  Possessed  of  a  wide  range  of  movement,  it  alters 
its  position  according  to  the  attitude  of  the  limb,  rising  or  falling,  being  drawn  inwards  or 
outwards,  or  being  rotated  upon  itself  according  as  the  arm  is  moved  in  various  directions.  These 
changes  in  position  can  easily  be  determined  by  recognising  the  altered  relations  of  the  subcutaneous 
and  bony  prominences,  more  especially  the  former,  which  include  the  spine,  the  acromion  process, 
and  the  lower  half  of  the  vertebral  border. 

Architecture. — For  so  light  and  thin  a  bone,  the  scapula  possesses  a  remarkable  rigiditv.  This 
is  owing  to  the  arrangement  of  its  parts.  Stout  and  thick  where  it  supports  the  c^lenoia  surface 
and  coracoid  process,  the  rest  of  the  Done  is  thin,  except  along  the  axillarv  border ;  but  strength  is 
imparted  to  the  body  by  the  manner  in  which  the  spine  is  fused  at  right  angles  to  its  posterior  surface. 

Vaxiations. — The  most  common  variation  met  with  is  a  separated  acromion  procesa  In 
these  cases  there  has  been  failure  in  the  ossific  union  between  the  spine  and  acromion,  the 
junction  between  the  two  being  effected  by  a  layer  of  cartila^  or  an  articulation  possessing  a 
joint  cavity.  The  condition  is  usually  symmetrical  on  both  sides,  though  instances  are  recorded 
where  this  arrangement  is  unilateral  Very  much  rarer  is  the  condition  in  which  the  coracoid 
process  is  separaole  from  the  rest  of  the  bone.  The  size  and  form  of  the  suprascapular  notch 
differa  In  certain  cases  the  superior  border  of  the  bone  describes  a  uniform  curve  reaching  the 
base  of  the  coracoid  without  any  indication  of  a  notcL  In  some  scapulse,  more  particularly  in 
those  of  very  old  people,  the  floor  of  the  subscapular  fossa  is  deficient  owing  to  the  absorption  of 
the  thin  bone,  the  periosteal  layers  alone  filling  up  the  ^ap.  Congenital  elevation  of  the  scapula 
is  due  to  defective  development  of  the  muscles  connected  with  it 

At  birth  the  vertical  length  of  the  bone  is  less  in  proportion  to  ite  width  than  in  the  adult 

Ossification. — Ossification  begins  in  the  body  of  the  cartilaginous  scapula  about  the 
end  of  the  second  month  of  foetal  life.  At  birth  the  head,  neck,  body,  spine,  and  base  of 
the  coracoid  process  are  well  defined ;  the  vertebral  border,  inferior  angle,  glenoid  fossa, 
acromion  and  coracoid  processes,  are  still  cartilaginous.  The  centre  for  the  upper  and 
fore  part  of  the  coracoid  appears  in  the  first  year,  and  fusion  along  an  oblique  line  leading 
from  the  upper  edge  of  the  glenoid  fossa  to  the  conoid  tubercle  is  complete  about  the 
fifteenth  year.  A  separate  centre  (subcoracoid),  which  ultimately  includes  the  upper  part 
of  the  glenoid  fossa  and  external  part  of  the  coracoid  process,  makes  its  appearance  about 
the  tenth  year,  and  fuses  with  the  surrounding  bone  about  sixteen  or  seventeen.  Up  till 
the  age  of  puberty  the  acromion  remains  cartilaginous ;  centres,  two  or  more  in  number, 


190  OSTEOLOGY. 

then  make  their  appearance,  which  coalesce  and  ultimately  unite  with  the  spine  about 

App«n«i«ut  the    twenty -fifth   year. 

iciT  yn. ;  flaw  Failure  of    union    may, 

.^^itlT^™      HbputMyr,.      ,„^,„„^,^  „„,„  ^        however, persistthrougb- 

fuK  about  25  J  out  life  (see  anU,  Varia- 

Hwot.d>ry«Dl»f  tioDs). 

Primary  cent™      eoracoid  appiara  OBsificatlOU    COm- 

2aS*iii?f«taUife.  ni»J»  »t«iut  18 /n.  mences  in  the  cartilage 

in  the  inferior  angU 
about  puberty,  and  in- 
dependently and  a  little 
later,  along  the  vertebral 
margin,  fusion  with  the 
body  occurring  at  from 
twenty  to  twenty -five 
years, 
t  Small    scale-like 

epiphyses    make     their 
appearance  on  the  upper 
ie.17    surface  and  at  the  ei- 
•  20-    tremity  of  the  coracoid, 
and  arc  completed  about 
the  twentieth  year.     A 
,.       thin  epiphysial  plate  de- 
velops  over    the    lower 
part     of      the     glenoid 
fossa  about    sixteen    or 
seventeen,  fusion  being  complete  about  eighteen  or  twenty  years  of  age. 

The  Humerus. 

The  humerus,  or  bone  of  the  upper  arm,  articulates  with  the  scapula  above  and 
with  the  bones  of  the  forearm,  the  radius  and  ulna,  below.  Ita  upper  end  com- 
prises the  head  and  great  and  small  tnberosities ;  its  shaft,  which  is  longer  than  any 
of  the  other  bones  of  the  upper  extremity,  is  cylindrical  above  and  flattened  below. 
At  the  inferior  extremity,  which  ie  expanded  to  form  the  condrles  on  either  side, 
it  supports  the  trochlear  and  capitellar  articular  surfaces  for  the  ulna  and  radius 
respectively. 

The  superior  extremity  is  the  thickest  and  stoutest  part  of  the  bone.  The 
head  (caput  humeri),  which  forms  about  one-third  of  a  spheroid  and  is  covered  by 
articular  cartilage,  is  directed  upwards,  inwards,  and  slightly  backwards,  and  rests  in 
the  glenoid  fossa  of  the  scapula ;  the  convexity  of  its  surface  is  most  pronounced  in 
its  posterior  half.  Separating  the  head  from  the  tuberosities  externally  is  a  shallow 
groove,  which  fades  away  on  the  surface  of  the  bone  which  supports  the  articular 
part  inferiorly.  This  is  named  the  anatomical  neck  (collum  anatomicum)  and 
serves  for  the  attachment  of  the  capsule  of  the  shoulder  joint.  The  articular  edge  of 
the  groove  opposite  the  small  tuberosity  is  usually  notched  for  the  iittachment  of  the 
superior  gleno-humeral  ligament.  The  great  taberoaity  (tuberculum  majus)  abnts 
on  the  outer  side  of  the  head  and  becomes  continuous  with  the  shaft  below.  Its 
upper  surface  forms  a  quadrant,  which  b  subdivided  into  three  more  or  less  smooth 
areas  of  unequal  size.  Of  these  the  highest  and  anterior  is  for  the  insertion  of  the 
Bupraspinatus  muscle,  the  middle  for  the  infraspinatus,  whilst  the  lowest  and 
posterior  servts  for  the  insertion  of  the  teres  minor  muscle.  The  outer  surface  of 
this  tuberosity,  which  bulges  beyond  the  line  of  the  shaft,  is  rough  and  pierced  by 
numerous  foramina.  Anteriorly  the  great  tuberosity  is  separated  from  the  small 
tuberosity  (tuberculum  minus)  by  a  well-defined  furrow,  called  the  bicipital  groove 
(sulcus  intertubercularis),  from  the  circumstance  that  the  tendon  of  origin  of  the 
long  head  of  the  biceps  muscle  is  lodged  within  it.  The  gmall  tuberosity  lies  in 
front  of  the  outer  half  of  the  head ;  it  forms  a  pronounced  elevation,  which  fades 
into  the  shaft  below.  The  surface  of  this  tuberosity  is  faceted  above  and  in  front 
for  the  insertion  of  the  sub-scapularis  muscle,  whilst  externally  it  forms  the 
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{ffotaiiieDt  inner  lip  of  the  bicipital  groove.     Below  the  head  and  tuberosities  the 
shaft  of  the  bone  rapidly  contracts,  and  is  here  named  the  snrgical  neck  (collum 
cbiruTgicum)     owing     to     its 
liability    to    fracture    at    this 

spot.  BlAD 

The  shaft,  or  body  (corpus 
humeri),  is  cylindrical  in  its  G«"TTJBnio» 
upper  half.  On  it  the  bicipital 
groove  maybe  traced  downwards 
and  slightly  inwards,  along  its 
anterior  surface.     The  edges  of  Btciprr* 

the  groove,  which  are  termed 
its  Upg,  are  confluent  above 
with  the  great  and  small 
tuberoeities  respectively.  Here 
they  are  prominent,  and  form 
the  crests  of  the  great  and  small 
tuberositiee  (cristee  tuberculi 
majoris  et  minoris).  Interiorly 
the  lips  of  the  bicipital  groove 
gradually  fade  away,  the  inner 
more  rapidly  than  the  outer, 
which  latter  may  usually  be 
traced  down  to  a  rough  eleva- 
tion placed  on  the  outer  side 
of  the  shaft  about  its  middle 
called     the    deltoid     nuinence.  dkltuid 

Into  the  outer  lip  of  the 
bicipital  groove  are  iuaerted 
the  fibres  of  the  pectoralis 
major  muscle ;  hence  it  is  some- 
times described  as  the  pectoral 
ridge.  To  the  floor  of  the  groove 
the  latissimus  dorsi  is  attached ; 
whilst  the  teres  major  muscle 
is  ioserted  into  the  inner  lip. 

The  deltoid  eminence  (tuber- 
ositas deltoidea),  to  which  the 
powerful  deltoid  muscle  is  at- 
tached, is  a  rough,  slightly 
elevated     V  -  shaped     surface,  i 

placed  on  the  outer  side  of  the  *" 

shaft  about  its  middle.  The 
anterior  limb  of  the  V  is  par- 
allel to  the  axis  of  the 
shaft,  and  is  continuous  with 
t!ie  outer  lip  of  the  bicipital 
groove  above,  whilst  the  pos- 
terior limb  of  the  V  winds  ob-  iudul  »«< 
liquely  round  the  outer  side  of 
the  bone  towards  the  posterior  bstihwal 

surface,  where  it  becomes  con-        c*pi™LLrit 
tinuous  with  a  slightly  elevated 
and    occasionally  rough   ridge 
which   leads   up    the    back   of 
the    bone    towards   the    great  p,o.  y, 

tuberosity  superiorly ;  from 
this  latter  ridge  the  outer  head  of  the  triceps  muscle  arise.1. 

The  inner  surface  of  the  shaft  about  its  middle  iuclincH  to  form  a  rounded 
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border,  on  which  there  is  often  a  rough  linear  impresuion  marking  the  inaertion  of 
the  coraco-brachialia  muscle.     Below  this  the  shaft  becomes  compressed  and  ex- 
panded  laterally,   ending  inferiorly 
on  either  side  in  the  eondjlea.      ItB 
■  surfaces  are  now  anterior  and  poa- 

r  t«rior,    being   separated   from   each 

■*"*"'  *"'"       other  by  two  clearly  defined  borders, 

the  epicondylic  ridgea.  Of  these,  the 
internal,  mugo  medialis,  is  the  more 
curved  and  less  prominent,  and  is 
continuous  above  with  the  surface  to 
which  the  coraco-brachialis  is  at- 
•»="  tached,  whilst  inferiorly  it  ends  by 
blending  with  the  internal  condyle. 
The  external  epicondylic  ridge,  mufo 
Uteralifl,  is  straighter  and  more  pro- 
jecting ;  ite  edge  is  usually  distinctly 
lipped.  Confluent  with  the  external 
condyle  inferiorly,  it  may  be  traced 
upwards  to  near  the  deltoid  emin- 
ence, where  it  turns  backwards  more 
or  less  parallel  to  the  posterior  oblique 
border  of  that  impression,  to  be  lost 
on  the  posterior  surface  of  the  shaft. 
The  interval  between  this  border  and 
mNENcr:  the  dcltoid  eminence  is  thus  con- 
verted into  a  shallow  oblique  furrow, 
which  winds  round  the  outer  surface 
of  the  bone  just  below  its  middle; 
ao't  this  constitutes  the  mnsculo-ipinl 
sroove  (sulcus  radialis)  along  which 
the  musculo -spiral  nerve,  together 
with  the  superior  profunda  artery, 
passes  from  the  back  to  reach  the 
front  of  the  arm.  To  the  epicondylic 
ridges  are  attached  the  intermuscular 
septa,  whilst  the  external  in  its  upper 
two-thirds  furnishes  a  surface  for  the 
origin  of  the  brachio-radialis  (supin- 
ator-longua),  and  in  its  lower  third 
for  the  extensor  carpi  radialis  longior 
muscle. 

The  anterior  surface  of  the  lower 
half  of  the  shaft  is  of  elongated 
triangular  form,  the  base  corre- 
sponding to  the  inferior  extremity 
of  the  bone.  Running  down  the 
olti  centre  of  this  is  a  brwid,  rounded, 

elevated     ridge,    most     pronounced 
piTOKDrLi   ftbove,  where   it    joins    the   deltoid 
[NTEKH:  eminence,  and  sloping  on  either  side 

tPiLuvcu  towards  the  epicondylic  ridges ;  it  is 

O"""  into  the  outer  of  these  slopes  that  the 

musculo -spiral    groove   flows.      In- 
TRoc-H.K*  feriorly  the  elevated  surface  spreads 

f\<,.  13S.— PoeriuoK  View  ur  thb  r:uict  Kdmbrdb.      out,  and  becomes  confluent  with  the 
condyles,  more  correctly  termed  the 
epicondylee.     The  internal  epicondyl*  (epicondylus  medialis)  is  the  more  prominent 
of  the  two,  and  furnishes  a  surface  for  the  origin  of  the  pronator  radii  teres,  and 
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the  superficial  flexor  muscles  of  the  forearm.  The  extenial  epicondyle  (epicondyluB 
lateralis),  stQDted  and  but  little  projecting,  serves  for  the  attachment  of  the  common 
tendon  of  origin  of  the  extensor 
musclea.  The  brachialia  aoticus 
muscle  has  an  estensive  origin 
from  the  anterior  surface  of  the 
lower  half  of  the  shaft,  including 
between  its  upper  slips  the  inser- 
tion of  the  deltoid. 

The  posterior  surface  of  the   , 
lower  half  of  the  shaft  is  smooth   '  b 

and  rounded  from  side  to  side ; 
somewhat  flattened  below,  where 
the  whole  shaft  tends  to  incline 
forwards,  it  becomes  continuous    ^°-  isc— tbb  Hbad  of  thb  Riobt  huhuidb  ts  bbkn  ntoM 

nn    pil-tipr  biHp  with   t.ho  nrmt^iinr  ABt>v»  (with  the  outline  of  tha  loww  eitramlty  in  relation 

on  eittier  siae  witJi  tHe  poatenor  j^^^j^  ^^^^^  ^^  ^l^j^^^  ^.^^^ 

surfaces  ot  the  epicondyles,  the 

iuuer  of  which  is  grooved  for  the  passage  of  the  ulnar  nerve,  whilst  the  external 

supplies  an  origin  for  the  anconeus  muscle. 
CAitT»u.im         TBotHu«»  ^jjg  inner  head  of  the  triceps  muscle  has 

an   extensive    origin    from    the   posterior 
13  a   surface  of   the   lower   two-thirds   of  the 

a  g    shaft,  internal  to  and  below  the  musculo- 

I  8    spiral  groove. 

t  ^  The  lower  extremity  of  the  humerns 

S  iH    is   furnished  with  two   articular   surfaces 

oucuirox  roBu     Groovt  for  ulnar  norve     {the  Condyles  proper),  the  outer  of  which, 

Fio.  137.-TB.  Lo«B  ExTBEMitr  of  thb        '^lled    the  capitellnm  (capitulum),  for  ar- 

Biaat  HuBEiiuB  4B  SEKH  FHOM  Bblow,  ticulatiou  With   thc  upper  surface  of   the 

head  of  the  radiiis,  is  a  rounded  'eminence, 
placed  on  the  anterior  surface  and  lower  border,  but  not  extending  upwards 
on  the  posterior  surface  of  the  inferior  end  of  the 
bone.  Above  it,  in  front,  there  is  a  shallow  de- 
pression (fossa  radialia),  into  which  the  margin  of 
the  head  of  the  radius  sinks  when  the  elbow  is 
strongly  flexed.  A  shallow  groove  separates  the 
capitellum  internally  from  the  trochlea,  which  is  a, 
grooved  articular  surface,  with  prominent  edges 
winding  spirally  round  the  lower  extremity  of  the 
shaft.  The  spiral  curves  from  behind  forwards  and 
inwards,  and  its  axis  is  shghtly  oblique  to  the  long 

axis  of  the  shaft.     The  inner  lip  is  the  more  salient  itutro 

of  the  two,  and  forms  a  sharp  and  well-defined 
margin  to  the  articular  area ;  its  cartilatje-covered 
surface  ia  shghtly  convex.  The  outer  hp,  much 
less   prominent,  is  rounded  off  into  the  articular 

groove   which   separates   it   from    the   capitellum,   3  oicondvle 

p-isterior  to  which,  however,  it  is  carried  up  as  a   * 
more  or  less  definite  crest.     It  is  by  means  of  the   | 

trochlea   that   the   humerus   articulates   with    the   i  c>riTiLLDii 

great  sigmoid  cavity  of  the  ulna.     On  the  anterior   S 
surface  of  the  bone,  immediately  above  the  trochlea,  ' 

ia  a  depression — the  coronoid  foua  (fossa  coronoidea),  -.  >.atihal 

into  which  the  coronoid  process  of  the  ulna  slips  in  '"^^ 

flexion  of  the  joint,  whilst  in  a  corresponding  position         tbochle* 
on  the  back  of  the  lower  end  of  the  shaft  there  Km.  138.— Thf  Lower  end  op  the 
is  a  hollow,  called  the  olecranon  fossa  (fo)isaolecrani),         Rii:kt   Huubrdb  as  sun   khom 
just  above  the  trochlea  posteriorly.     Into  this  the         ™"    """ " '""' 
olecranon  process  sinks  when  the  elbow  is  extended.     The  two  fossie  are  separated 
14 
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development  or  absence  of  the  upper  limb  (Reynault).  Partial  or  complete  absence  of  the 
clavicle  has  been  recorded.  W.  S.  Taylor  exhibited  an  interesting  case  of  this  kind  at  the 
Clinical  Society  of  London,  October  25,  1901. 

Ossification. — Phylogenetically  of  dermic  origin,  the  clavicle  in  man  is  remarkable  in 

«.      ,     .  V    .      ,«     V    ^  «_i  *  I    *  commencing  to  ossify  before 

sternal  epiphysis  ossifies  about  Primary  centre  appean  about  , ,        ,  ^        .      .^f   ,      , 

20th  year ;  fusea  about  25th  year  &th  or  6th  month  of  fcetal  life  any  Otner  DOne  m  toe  DOdy  ; 

this  occurs  as  early  as  the 
fifth  or  sixth  week  of  fa?ta1 
life.  The  primitiTe  centre 
from  which  the  shaft  and 
outer  extremity  are  developed 
appears  prior  to  the  forma- 
Fio.  ISO.— OssiFiCATioH  OP  THB  Clavicli.  tioH    of    auy    cartilaginous 

matrix;  and  it  is  not  till  a 
later  stage  that  cartilage  plays  a  part  in  the  development  of  the  bone  by  assisting  in  the 
growth  of  its  extremities. 

A  secondary  centre  or  epiphysis  appears  at  the  sternal  end  about  the  age  of  twenty 
or  later,  and  fusion  rapidly  occurring  between  it  and  the  shaft,  ossification  is  completed 
at  the  age  of  twenty-five  or  thereabouts. 

The  Scapula. 

The  scapula  (scapula),  shoulder  blade  or  blade  bone,  is  of  triangular  shape  and 
flattened  form.  It  has  two  surfaces,  ventral  and  dorsal.  From  the  latter  there 
springs  a  triangular  process  called  the  spine,  which  ends  externally  in  the  acromion ; 
whilst  from  its  superior  border  there  arises  a  beak -like  projection  called  the 
coracoid  process. 

The  body  of  the  bone,  which  is  thin  and  translucent,  except  along  its  margins 
and  where  the  spine  springs  from  it,  has  three  borders  and  three  anglea  Of  these 
borders  the  internal  or  vertebral  (margo  vertebralis)  is  the  longest ;  it  stretches 
irom  the  superior  angle  above  to  the  inferior  angle  below.  Of  curved  or  somewhat 
irregular  outline,  it  affords  a  narrow  surface  for  the  insertion  of  the  levator  anguli 
scapulse,  rhomboideus  minor,  and  rhomboideus  major  muscles. 

The  superior  border  (margo  superior),  which  is  thin  and  sharp,  is  the  shortest  of 
the  three.  It  runs  from  the  superior  angle  towards  the  root  of  the  coracoid  process, 
before  reaching  which,  however,  it  is  interrupted  by  the  suprascapular  notch  (in- 
cisura  scapulae),  which  lies  immediately  to  the  inner  side  of  the  base  of  that  prooesa 
This  notch,  which  is  converted  into  a  foramen  by  a  ligament,  or  occasionaUy  by  a 
spicule  of  bone,  transmits  the  suprascapular  nerve.  Attached  to  the  superior 
border,  close  to  the  notch,  is  the  posterior  belly  of  the  omo-hyoid.  The  external  or 
aocillary  border  (margo  axillaris),  so  called  from  its  relation  to  the  hollow  of  the 
armpit  (axilla),  is  much  stouter  than  either  of  the  others ;  it  extends  from  the 
external  angle  above  to  the  inferior  angle  below.  The  upper  inch  or  so  of  this 
border,  which  lies  immediately  below  the  glenoid  articular  surface,  is  rough  and 
tubercular  (tuberositas  infraglenoidalis),  and  affords  attachment  to  the  long  head 
of  the  triceps.  Below  this  it  is  usually  crossed  by  a  groove  which  marks  the 
position  of  the  dorsal  artery  of  the  scapula  The  superior  angle  (angulus  medialis) 
is  sharp  and  more  or  less  rectangular ;  the  inferior  angle  (angulus  inferior)  is 
blunter  and  more  acute ;  whilst  the  external  angle  (angulus  lateralis)  corresponds 
to  that  part  of  the  bone  which  is  sometimes  called  the  head,  and  which  supports 
the  glenoid  surface  and  the  coracoid  process. 

The  glenoid  surface  is  a  pyriform  articular  area,  slightly  concave  from  above  down- 
wards and  from  side  to  side ;  its  border  is  but  slightly  raised  above  the  general  surface 
and  affords  attachment  in  the  recent  condition  to  the  glenoid  ligament,  which  helps 
to  deepen  the  socket  in  which  the  head  of  the  humerus  rests.  Below,  the  maigin 
of  the  glenoid  fossa  is  confluent  with  the  infraglenoid  impression  (tuberositas  infra- 
glenoidalis), whilst  above  it  blends  with  a  tubercle  (tuberositas  supraglenoidalis), 
to  which  the  long  head  of  the  biceps  muscle  is  attached.  Springing  from  the 
upper  part  of  the  head,  in  line  with  the  superior  border,  is  the  coracoid  process 
(processus  coracoideus).     The  base  of  this  is  limited  externally  by  the  glenoid 
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edge,  whilst  internally  it  is  separated  from  the  superior  border  by  the  supra- 
scapular notch.  Kising  upwards  for  a.  short  space,  it  bends  on  itself  at  nearly  a 
right  angle,  and  ends  in  a  process  which  is  directed  outwards  and  slightly  forwards, 
overhanging  the  glenoid  fossa  above  and  in  front.  CompresBed  from  above  down- 
wards, it  has  attached  to  its  upper  surface  near  its  angle  the  conoid  ligament,  wide 
of  which  there  is  a  rough  area  for  the  trapezoid  ligament.  Attached  to  its 
posterior  border  is  the  ooraco-acromial  ligament,  whilst  at  its  extremity  and 
towards  the  front  of  its  anterior  border,  is  the  combined  origin  of  the  biceps  and 
curaco-brachialis,  together  with  the  insertion  of  the  pectoralis  minor.     The  neck 


Flo.  131.— The  Rioht  S(apiila  as  biin  fkou  Bihino. 

(collum  scapulse)  is  that  somewhat  constricted  part  of  the  bone  which  supports  the 
head  ;  it  corresponds  in  front  and  behind  to  a  line  drawn  from  the  suprascapular 
notch  to  the  infraglendd  tubercle. 

The  body  of  the  bone  has  two  surfeoes,  a  dorsal  (facies  dorsalis)  ana  a  Tentral 
(facies  costalis).  The  former  is  divided  into  two  fossje  by  an  outstanding  procees 
of  triangular  form,  called  the  ainne  (spina  scapuhe).  The  attached  border  of  this 
crosses  the  back  of  the  body  obliquely  in  a  direction  outwards  and  slightly 
upwards,  extending  from  the  vertebral  border  near  the  lower  limit  of  its  upper 
fourth  towards  the  centre  of  the  posterior  glenoid  edge,  from  which,  however,  it 
is  separated  by  the  great  seaindar  notch,  which  here  corresponds  to  the  posterior 
aspect  of  the  neck.  The  surfaces  of  the  spine,  which  are  directed  upwards  and 
downwards,  are  concave,  the  upper  entering  into  the  formation  of  the  ropraapinons 
fbasa,  which  lies  above  it,  the  lower  forming  the  upper  wall  of  the  infrupinons  fossa, 
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which  lies  below  it.  The  two  foaaiE  are  \n  communication  with  each  other  round 
the  free  external  concave  border  of  tlie  spine,  where  that  curves  over  the  great 
scapular  notch.  The  posterior  free  border  of  the  spine  is  subcutaneous  throughout 
its  entire  length.  Its  upper  and  lower  edges  are  strongly  lipped,  and  seire — the 
superior,  for  the  attachment  of  the  trapezius ;  the  inferior,  for  the  origin  of  the 
deltoid.  The  intervening  surface  varies  in  width — broad  and  triangular  where  it 
becomes  confluent  with  the  vertebral  border,  it  displays  a  smooth  surface,  over 
which  t)ie  tendinous  fibres  of  the  trapezius  play;  narrowing  rapidly,  it  forms  a 
surface  of  varying  width  which  blends  externally  with  a  flattened  process,  the  two 

forming  a  compressed 

AcHomoN        Clavicuub  fackt  _  plate    of     bOHB     whlch 

arches    across     the 
scapular  notch   above 
and  behind,  and  then 
curves    forwards,    up- 
wards, and  outwards  to 
overhang   tlie  glenoid 
fossa.      The    internal 
border  of  this  process 
is  continuous  with  the 
upper   mai^in  of   the 
spine,  and    is    gently 
curved.     The  external 
border,    more    curved 
than    the   inner,  with 
^   w)iich  it  is  united  in 
^   front,  is  confluent  with 
3   the    inferior    edge   of 
i  the  spine,  with  which 
E   it    forms    an    abrupt 
3   bend,    termed     the 
'"   acromial    angle.      The 
bone  included  between 
these   two   borders   is 
called  theacromion  pro- 
ceu.      Of   compressed 
form,    it     much     re- 
sembles  the   acromial 
end    of    the    clavicle, 
with  which  it  articu- 
lates  by   means   of  a 
facet  (facies  articularis 
acromii)    which     is 
placed  on  its  internal 
iNFKBioR  i-voLE  bordcr  near  its  anterior 

fta.  i32.-TflK  RioBT  acAPULA  AS  8BBN  fHOM  THE  fhont.  cxtrcmity.      The    su- 

perior surface  of  the 
acromion,  which  is  broad  and  expanded,  is  subcutaneous,  and  is  directed  upwards  and 
backwards,  and  in  the  normal  position  of  the  bone  outwards  as  well.  Its  internal  edge, 
where  not  in  contact  with  the  clavicle,  has  attached  to  it  the  fibres  of  the  trapezius, 
whilst  its  external  margin  affords  origin  to  the  central  part  of  the  deltoid.  At  iis 
anterior  extremity  it  is  connected  with  the  coracoid  process  by  means  of  the  coraco- 
acromial  ligament.  Its  under  surface  is  smooth  and  overhangs  the  shoulder  joint. 
The  supraapinons  fossa,  of  much  less  extent  than  the  infraspinous,  is  placed 
above  the  spine,  the  ui)per  surface  of  which  assists  in  forming  its  curved  floor ;  in 
it  is  lodged  the  supraspinatua  muscle.  The  suprascapular  notch  opens  into  it  above, 
whilst  below  and  externally  it  communicates  with  the  infraspinous  fossa  by  the 
great  scapular  notch,  through  which  the  suprascapular  artery  and  nerve  pass  to 
reach  the  infraspinous  fossa. 
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The  infiraspinons  fossa,  overhung  by  the  spine  above,  is  of  triangular  form.  The 
axillary  border  of  the  bone  limits  it  in  front,  whilst  the  vertebral  margin  bounds  it 
behind  ;  the  greater  part  of  this  surface  affords  origin  to  the  infraspinatus  muscle, 
excepting  a  well-defined  area  which  skirts  the  axillary  border  and  inferior  angle  of 
the  bone,  and  which  affords  an  attachment  to  the  fibres  of  origin,  of  the  teres  minor. 
This  muscle  extends  along  the  posterior  surface  of  the  axillary  border  in  its  upper 
two- thirds,  reaching  nearly  as  high  as  the  glenoid  edge ;  whilst  a  crescentic  surface, 
which  occupies  the  lower  third  of  the  axillary  border  and  curves  backward  round 
the  posterior  aspect  of  the  inferior  angle,  furnishes  an  origin  for  the  teres  major 
muscle.  Here  also,  near  the  inferior  angle,  are  occasionally  attached  some  of  the 
fibres  of  the  latissimus  dorsi  muscle. 

The  ventral  aspect  (facies  costalis)  of  the  body  is  hollow  from  above  downwards 
and  from  side  to  side,  the  greatest  depth  being  in  correspondence  with  the  spring  of  the 
spine  from  the  dorsal  surface.  Its  inner  boundary,  which  is  formed  by  the  anterior 
lipped  edge  of  the  vertebral  border,  affords  attachment  to  the  fibres  of  insertion  of 
the  serratus  magnus  along  the  greater  part  of  its  extent.  The  area  of  insertion  of 
this  muscle  is,  however,  considerably  increased  over  the  anterior  aspects  of  the 
superior  and  inferior  angles  respectively.  Bunning  down  from  the  head  and  neck 
above  to  the  inferior  angle  below,  there  is  a  stout  rounded  ridge  of  bone,  which 
imparts  a  fulness  to  the  anterior  aspect  of  the  axillary  border  and  increases  the 
depth  of  the  ventral  hollow ;  to  this,  as  well  as  to  the  floor  of  the  fossa,  the  sub- 
scapularis  muscle  is  attached.  The  tendinous  intersections  of  this  muscle  leave 
their  imprint  on  this  surface  of  the  bone  in  a  series  of  three  or  four  rough  lines 
which  converge  towards  the  neck. 

Nutrient  Foramina. — Foramina  for  the  passage  of  nutrient  vessels  are  seen  in  different  parts 
of  the  bone  ;  the  most  constant  in  position  is  one  which  opens  into  the  infraspinous  fossa,  about  an 
inch  or  so  from  the  scapular  notch.  Others  are  met  with  on  the  upper  and  under  surfaces  of  the 
spine,  on  the  ventral  aspect  near  its  deepest  part,  and  also  around  the  glenoid  margin. 

Oonnexions. — ^The  scapula  is  not  directly  connected  with  the  trunk,  but  articulates  with  the 
outer  end  of  the  clavicle,  in  union  with  which  it  forms  the  shoulder  girdle  supporting  the 
humerus  on  its  glenoid  surface.  Placed  on  the  upper  and  back  part  of  the  thorax,  it  covers  the 
ribe  from  the  second  to  the  seventh  inclusiva  Possessed  of  a  wide  range  of  movement,  it  alters 
its  position  according  to  the  attitude  of  the  limb,  rising  or  falling,  being  drawn  inwards  or 
outwards,  or  being  rotated  upon  itself  according  as  the  arm  is  moved  in  various  directions.  These 
changes  in  position  can  easily  be  determined  by  recognising  the  altered  relations  of  the  subcutaneous 
and  bony  prominences,  more  especially  the  former,  which  include  the  spine,  the  acromion  process, 
and  the  lower  half  of  the  vertebral  border. 

Architecture. — ^For  so  light  and  thin  a  bone,  the  scapula  possesses  a  remarkable  rigidity.  This 
is  owing  to  the  arrangement  of  its  parts.  Stout  and  thick  where  it  supports  the  glenoid  surface 
and  coracoid  process,  the  rest  of  the  oone  is  thin,  except  along  the  axillary  border ;  but  strength  is 
imparted  to  the  body  by  the  manner  in  which  the  spine  is  fused  at  right  angles  to  its  posterior  surface. 

Variations. — ^The  most  common  variation  met  with  is  a  separated  acromion  process.  In 
these  cases  there  has  been  failure  in  the  ossific  union  between  the  spine  and  acromion,  the 
junction  between  the  two  being  effected  by  a  layer  of  cartila^  or  an  articulation  possessing  a 
joint  cavity.  The  condition  is  usually  symmetrical  on  both  sides,  though  instances  are  recorded 
where  this  arrangement  is  unilateral     Very  much  rarer  is  the  condition  in  which  the  coracoid 

S recess  is  separaole  from  the  rest  of  the  bone.  The  size  and  form  of  the  suprascapular  notch 
iffera  In  certain  cases  the  superior  border  of  the  bone  describes  a  uniform  curve  reaching  the 
base  of  the  coracoid  without  any  indication  of  a  notch.  In  some  scapulae,  more  particularly  in 
those  of  very  old  people,  the  floor  of  the  subscapular  fossa  is  deficient  owing  to  the  absorption  of 
the  thin  bone,  the  periosteal  layers  alone  filling  up  the  sap.  Congenital  elevation  of  the  scapula 
is  due  to  defective  development  of  the  muscles  connected  with  it 

At  birth  the  vertical  length  of  the  bone  is  less  in  proportion  to  its  width  than  in  the  adult 

Ossification. — Ossification  begins  in  the  body  of  the  cartilaginous  scapula  about  the 
end  of  the  second  mouth  of  foetal  life.  At  birth  the  head,  neck,  body,  spine,  and  base  of 
the  coracoid  process  are  well  defined  ;  the  vertebral  border,  inferior  angle,  glenoid  fossa, 
acromion  and  coracoid  processes,  are  still  cartilaginous.  The  centre  for  the  upper  and 
fore  part  of  the  coracoid  appears  in  the  first  year,  and  fusion  along  an  oblique  line  leading 
from  the  upper  edge  of  the  glenoid  fossa  to  the  conoid  tubercle  is  complete  about  the 
fifteenth  year.  A  separate  centre  (subcoraooid),  which  ultimately  includes  the  upper  part 
of  the  glenoid  fossa  and  external  part  of  the  coracoid  process,  makes  its  appearance  about 
the  tenth  year,  and  fuses  with  the  surrounding  bone  about  sixteen  or  seventeen.  Up  till 
the  age  of  puberty  the  acromion  remains  cartilaginous ;  centres,  two  or  more  in  number, 
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then  make  their  appearance,  which  coalesce  and  ultimately  unite  with  the  spine  about 
Appeira  about  the    twenty -fifth    year. 

ift-17  yre. ;  ruga  Failure  of   union    mar, 

li-minlnl  ™iil.n.«         about  20  )^.  .  .^        ^  ,  .    .  .1  I 

.Pi5«  lii™  r™  —  however,  persist  througli- 

fuBB  about  35  yn.  out  life  (see  ante,  Varia- 

SKgndiry  cantre  for  tions). 

Pflu«ry  centre      <:o™c<>id  app«ir>  Ossification     OOm- 

appeaia  about        anoul  end  ut  yr.  ;  .       <  i  .  .i 

2Dd  m.  rot taj  lire,  fiiw'a  about  IS  yn.  mences  in  the  cartila^ 

in  the  inferior  angle 
about  puberty,  and  in- 
dependently and  a  littk 
later,  along  the  vertebral 
margin,  fusion  with  the 
body  occurring  at  from 
twenty  to  twenty -five 
*gp  years. 

hiiH  Small    scale-like 

epiphyses    make     their 
appearance  on  the  upper 
e-ij    surface  and  at  the  ei- 
•  so-    tremityof  the  coracoid, 
and  are  completed  about 
the  twentieth  year.     A 
g.        thiu  epiphysial  plat«  de- 
velops  over    the    lower 
part     of      the     glenoid 
fossa   about    sixteen    or 
seventeen,  fusion  being  complete  about  eighteen  or  twenty  years  of  age. 

The  Humerds. 

The  humerus,  or  bone  of  the  upper  arm,  articulatea  with  the  scapula  above  and 
with  the  bones  of  the  forearm,  the  radius  and  ulna,  below.  Its  upper  end  com- 
prises the  head  and  great  and  small  taberoaitiea ;  its  slLait,  which  is  longer  than  any 
of  the  other  bones  of  the  upper  extremity,  is  cylindrical  above  and  flattened  below, 
At  the  inferior  extremity,  which  is  expanded  to  form  the  condyles  on  either  side, 
it  supports  the  trochlear  and  capitellar  articular  surfaces  for  the  ulna  and  radius 
respectively. 

The  superior  extremity  is  the  thickest  and  stoutest  part  of  the  bone.  The 
head  (caput  humeri),  which  forms  about  one-third  of  a  spheroid  and  is  covered  by 
articular  cartilage,  is  directed  upwards,  inwards,  and  slightly  backwards,  and  rests  in 
the  glenoid  fossa  of  the  scapula  ;  the  convexity  of  its  surface  is  most  pronounced  in 
its  posterior  half.  Separating  the  head  from  the  tuberosities  externally  is  a  shallow 
groove,  which  fades  away  on  the  surface  of  the  bone  which  supports  the  articular 
part  inferiorly.  This  is  named  the  anatomical  neck  (coilum  anatomicum)  and 
serves  for  the  attachment  of  the  capsule  of  the  shoulder  joint.  The  articular  edge  of 
the  groove  opposite  the  small  tuberosity  is  usually  notetied  for  the  attachment  of  the 
superior  gleno-humeral  ligament.  The  great  taberosity  (tuberculura  majus)  abuts 
on  the  outer  side  of  the  head  and  becomes  continuous  with  the  shaft  below.  Its 
upper  surface  forms  a  quadrant,  which  is  subdivided  into  three  more  or  leas  smooth 
areas  of  unequal  size.  Of  these  the  highest  and  anterior  is  for  the  insertion  of  the 
supraspinatus  muscle,  the  luiddle  for  the  infraspinatus,  whilst  the  lowest  and 
posterior  serves  for  the  insertion  of  the  teres  minor  muscle.  The  outer  surface  of 
this  tuberosity,  which  bulges  beyond  the  line  of  the  shaft,  is  rough  and  pierced  by 
numerous  foramina.  Anteriorly  the  great  tuberosity  is  separated  from  the  small 
talieroslty  (tuberculum  minus)  by  a  well-deSned  furrow,  called  the  bicipital  groove 
(sulcus  intertubercularis),  from  the  circumstance  that  the  tendon  of  origin  of  the 
long  head  of  the  biceps  muscle  is  lodged  within  it.  The  bduJI  tuberosity  lies  in 
front  of  the  outer  half  of  the  head ;  it  forms  a  pronounced  elevation,  which  fades 
into  the  shaft  below.  The  surface  of  this  tuberosity  is  faceted  above  and  ia  front 
for  the  insertion   of  the  sub-scapularis   muscle,  whilst  externally  it  forms  the 
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promineDt  inDer  lip  of  the  bicipital  groove.     Below  the  head  and  tuberosities  the 

shaft  of  the  bone  rapidly  contracts,  and  is  here  named  the  surgical  neck  (col)um 

cbirurgicimi)     owing     to     its 

liability    to    fracture    at    this 

spot.  Hbw 

The  shaft,  or  body  (corpus 
humeri),  is  cylindrical  in  its  OKiTi 
tipper  half.  On  it  the  bicipital 
groove  may  he  traced  downwards 
and  slightly  inwards,  along  its 
anterior  surface.     The  edges  of  [ 

the  groove,  which  are  termed 
its  hps,  are  confluent  above 
with  the  great  and  small 
tuberosities  respectively.  Here 
they  are  prominent,  and  form 
the  crests  of  the  great  and  small 
tuberosities  (cristte  tuberculi 
majoris  et  minoriB).  Inferiorly 
the  lips  of  the  bicipital  groove 
gradually  fade  away,  the  inner 
more  rapidly  than  the  outer, 
which  latter  may  usually  be 
traced  down  to  a  rough  eleva- 
tion placed  on  the  outer  side 
of  the  shaft  about  its  middle 
called    the    deltoid    aminanee.  [, 

Into  the  outer  lip  of  the 
bicipital  groove  are  inserted 
the  fibres  of  the  pectoralls 
major  muscle ;  hence  it  is  some- 
times described  as  the  pectoral 
ridge.  To  the  floor  of  the  groove 
the  latieaimus  dorsi  is  attached ; 
whilst  the  teres  major  muscle 
is  inserted  into  the  inner  lip. 

The  d^toid  eminence  (tuber- 
ositas deltoidea),  to  which  the 
powerful  deltoid  muscle  is  at- 
tached, is  a  rough,  slightly 
elevated  V  -  shaped  surface, 
placed  on  the  outer  side  of  the 
shaft  about  its  middle.  The 
anterior  hmb  of  the  V  is  par- 
allel to  the  axis  of  the 
shaft,  and  is  continuous  with 
the  outer  lip  of  the  bicipital 
groove  above,  whilst  the  pos- 
terior limb  of  the  V  winds  ob-  eudi* 
liquely  round  the  outer  side  of 
the  bone  towards  the  posterior  B" 

surface,  where  it  becomes  con-  ^^p, 
tiauous  with  a  slightly  elevated 
and  occasionally  rough  ridge 
which  leads  up  the  back  of 
the  bone  towards  the  great 
tuberosity  superiorly ;  from 
this  latter  ridge  the  outer  head  of  the  triceps  muscle  arises. 

The  inner  surface  of  the  shaft  about  its  middle  inclines  to  form  »  rounded 
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border,  on  which  there  is  often  a  rough  linear  inipresHion  matkiog  the  iDSertioa  of 
the  coraco-brachialis  muscle.     Below  this  the  shaft  becomes  compressed  and  ex- 
panded  laterally,   ending   inferiorly 
on  either  side  in  the  condylM.      Ite 
I  surfaces  are  now  anterior  and  pos- 

terior,   being   separated   from   each 
*»*■«>"  other  by  two  clearly  defined  borders, 

the  epicondylic  lidfes.  Of  these,  the 
internal,  suago  medialia,  is  the  more 
curved  and  less  prominent,  and  ia 
continuous  above  with  the  surface  to 
which  the  coraco-brachialis  is  at- 
tached, whilst  inferiorly  it  ends  by 
blending  with  the  internal  condyle. 
The  external  epicondylic  ridge,  macfo 
lateralis,  is  straighter  and  more  pro- 
jecting ;  its  edge  is  usually  distinctly 
lipped.  Confluent  with  the  external 
condyle  inferiorly,  it  may  be  traced 
upwards  to  near  the  deltoid  emin- 
ence, where  it  turns  backwards  more 
or  less  parallel  bo  the  posterior  oblique 
border  of  that  impression,  to  be  lost 
on  the  posterior  surface  of  the  shaft. 
The  interval  between  this  border  and 
the  deltoid  eminence  is  thus  con- 
verted into  a  shallow  oblique  furrow, 
which  winds  round  the  outer  surface 
of  the  bone  just  below  its  middle ; 
this  constitutes  the  mnscnlo- spiral 
ITooTe  (sulcus  railialie)  along  which 
the  musculo -spiral  nerve,  t<^ther 
with  the  superior  profunda  artery, 
passes  from  the  back  to  reach  the 
front  of  the  arm.  To  the  epicondylic 
ridges  are  attached  the  intermuscular 
septa,  whilst  the  external  in  its  upper 
two-thirds  furnishes  a  surface  for  the 
origin  of  the  brae  bio-radial  is  (supin- 
ator-longus),  and  in  its  lower  third 
for  the  extensor  carpi  radialis  longior 
muscle. 

The  anterior  surface  of  the  lower 
half  of  the  shaft  Is  of  elongated 
triangular  form,  the  base  corre- 
sponding to  the  inferior  extremity 
of  the  bone.  Running  down  the 
ou  centre  of  this  is  a  broad,  rounded, 

elevated     ridge,    most     pronounced 
J   above,  where   it    joins    the   deltoid 
iKTCBN  eminence,  and  sloping  on  either  side 

ipnn.iuv  towards  the  epicondylic  ridges ;  it  is 

oiuH  into  the  outer  of  these  slopes  that  the 

musculo -spiral    groove   flows.      lu- 
iBocHLEA  feriorly  the  elevated  surface  spreads 

Fi'i.  13C.— pomiRioK  View  ok  tub  Riuht  Hchbrus.      Out,  and  becomes  confluent  with  the 
condyles,  more  correctly  termed  the 
epicondyles.     The  internal  epicondyle  (epicondylus  medialia)  is  the  more  prominent 
of  the  two,  and  furnishes  a  surface  for  the  origin  of  the  pronator  radii  teres,  and 
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the  superficial  flexor  muacles  of  the  forearm.  The  extenul  spicondrle  (epicondjluB 
lateralis),  stunted  and  but  little  projecting,  serves  for  the  attachment  of  the  common 
tendon  of  origin  of  the  extensor 
muBclee.  The  brachialie  anticus 
muscle  has  an  extensive  origin 
from  the  anterior  surface  of  the 
lower  half  of  the  shaft,  including 
between  its  upper  slips  the  inser- 
tion of  the  ddtoid.  ^^ 

The  posterior  surface  of  the   ,„ 
lower  half  of  the  shaft  is  smooth   «"■  s 

and  rounded  from  side  to  side ; 
somewhat  flattened  below,  where 
the  whole  shaft  tends  to  incline 

forwards,  it  becomes  continuous    ^"''  136 — Th»h**d  of  the  Riqht  Humihuh  *a  sbbnfbom 
on  either  ^d.  ™th  the  po8te»or  TZ  K.' K  roSM?"  '"""  """'"  '"  '-"" 

surfaces  ot  the  epicondjles,  the 
inner  of  which  is  grooved  for  the  passage  of  the  ulnar  nerve,  whilst  the  external 

supplies  an  origin  for  the  anconeus  muscle. 
cmiL,.-         t««:hl»*  ^jjg  inner  head  of  the  triceps  muscle  has 

an   extensive    origin    from   the   posterior 
2  !    surface  of   the   lower   two-thirds   of  the 

a  °   shaft,  internal  to  and  below  the  muaculo- 

I  §    spiral  groove. 

t  ^  The  lower  extremity  of  the  humerus 

K  S    is   furnished  with  two   articular   surfaces 

olecuxoh  nwA     Grooir.  for  uimr  mrvs     (^^^  Condyles  proper),  the  outer  of  which, 

Fi.;.  137.-THE  Lo«8u  EKTBEMitr  .,.  TBS        '^^^^^  ^^e  capiteUoHi  (capitulum),  for  ar- 

RiGBT  Hdherub  ab  bekn  proh  Beu)w,  ticulation  with   the  upper  surface  of  the 

head  of  the  radius,  is  a  rounded  'eminence, 
placed  on  the  anterior  surface  and  lower  border,  but  not  extending'  upwards 
on  the  posterior  surface  of  the  inferior  end  of  the 
bone.  Above  it,  in  front,  there  is  &  shallow  de- 
pression (fossa  radialis),  into  which  the  margin  of 
the  head  of  the  radius  sinks  when  the  elbow  is 
strongly  flexed.  A  shallow  groove  separates  the 
capitellvim  internally  from  the  trochlea,  which  is  a 
grix)ved  articular  surface,  with  prominent  edges 
winding  spirally  round  the  lower  extremity  of  the 
shaft.  The  spiral  curves  from  behind  forwards  and 
inwards,  and  its  axis  is  slightly  obhque  to  the  long 
axis  of  the  shaft.  The  inner  hp  is  the  more  salient 
of  the  two,  and  forms  a  sharp  and  well-deflned 
margin  to  the  articular  area ;  its  cartilage-covered 
surface  ia  slightly  convex.  The  outer  lip,  much 
le.^    prominent,  is  rounded   off  into  the  articular 

groove    which   separates   it   from    the   ciipitellum,   *  i 

[Hwterior  to  which,  however,  it  is  carried  up  a«  a   I 
more  or  less  definite  crest.     It  is  by  means  of  the   S 
trochlea   that   the   humerus   articulates   with    the   i 
great  sigmoid  cavity  of  the  ulna.     On  the  anterior   ^ 
surface  of  the  bone,  immediately  above  the  trochlea, 
is  a  depression — the  coronoid  foasa  (fossa  coronoidea), 
into  which  the  coronoid  process  of  the  ulna  slips  in 
flexion  of  the  joint,  whilst  in  a  corresponding  position         Tnociii-r. 
on  the  back  of  the  lower  end  of  the  shaft  there  fio.   iss.— tbe  Lower  Eso  of  the 
is  a  hollow,  called  the  olecranon  fiusa  (fossa  olecrani),         Biuht   Muhbrdb  as  seen   fbuh 
jiLst  above  the  trochlea  posteriorly.     Into  this  the 

olecranon  process  sinks  when  the  elbow  is  extended.     The  two  foasw  are  separated 
14 
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by  a  thin  translucent  layer  of  bone  which  may  be  deficient,  thus  leading  to  the  forma- 
tion of  a  foramen  between  the  two  hollows  in  the  macerated  bone.  The  anterior  part 
of  the  capsule  of  the  elbow-joint  is  attached  to  the  superior  margins  of  the  radial  and 
coronoid  fossae  in  front,  whilst  the  posterior  ligament  is  connected  with  the  upper 
border  and  lateral  edges  of  the  olecranon  fossa  behind.  The  strong  internal  and 
external  lateral  ligaments  are  attached  superiorly  to  the  internal  and  external 
epicondyles  respectively.  The  proportionate  length  of  the  humerus  to  the  body 
height  is  as  1  is  to  4-93-5 '25. 

Nutrient  foramina  are  usually  to  be  seen,  oue  at  or  near  the  surface  for  the  iuBertion  of  the 
coraco-brachialis,  the  other  usually  close  to  the  hinder  border  of  the  deltoid  eminence ;  both 
have  a  downward  direction.  Numerous  vascular  foramina  are  scattered  alon^  the  line  of  the 
anatomical  neck,  the  larger  ones  being  situated  near  the  upper  end  of  the  bicipital  groove. 

Ck>nnexionB. — The  humerus  articulates  with  the  scapula  above,  and  i-adius  ana  idna  below. 
Embedded  as  the  humerus  is  in  the  substance  of  the  upper  arm,  its  shaft  and  head  are  surrounded 
on  all  sides.  It  is  only  at  its  lower  part  that  it  comes  into  direct  relation  with  the  siu'£bm^  the 
internal  epicondyle  forming  a  characteristic  projection  on  the  inner  side  of  the  elbow ;  whilst  the 
external  epicondyle,  less  prominent,  and  the  external  epicondylic  ridge  can  best  be  recognised 
when  the  elbow  is  bent 

Architectura — The  shaft  consists  of  a  layer  of  compact  bone  surrounding  a  long  medidlanr 
canal.  The  outer  shell,  thickest  in  the  lower  third  of  the  bone,  gradually  thins  until  it  reaches 
the  superior  epiph^ial  line,  where  it  forms  a  layer  no  thicker  than  stout  paper.  Inferiorly 
the  external  shell  is  thicker  and  stouter  than  above,  until  it  reaches  the  epicondyles,  below 
which  the  articular  surfaces  are  formed  of  a  layer  of  compact  spongy  bone.  The  upper  end  of 
the  medullary  canal  is  surrounded  by  loose  spongy  tissue,  the  fibres  of  which  arch  inwards 
from  the  inner  surface  of  the  compact  outer  layer,  whilst  inferiorly  the  cancellous  tissue 
which  springs  from  the  outer  shell  sweeps  downwards  in  a  radiating  fashion  on  either  side 
of  the  olecranon  fossa  towards  the  epicondvlea  Above  the  olecranon  fossa  there  are  a 
number  ,of  laminae  of  dense  bone  which  arch  across  from  one  side  to  the  other,  the  con- 
vexity of  the  arches  being  directed  downwards.  The  superior  epiphysis,  formed  of  spongy 
bone,  is  united  to  the  shaft  by  a  wavy  line,  concave  externally  and  convex  internally,  leading 
from  the  base  of  the  great  tuberosity  on  the  outer  side  to  the  inferior  articular,  edge  on  the  inner 
side.  The  mass  above  this  includes  the  head  and  two  tuberosities.  The  spongy  tissue  of  the 
head  is  fine,  and  is  arranged  generally  in  lines  radial  to  its  surface ;  that  of  the  great  tuberosity 
is  more  open,  and  often  displays  large  spaces  towards  its  interior,  which  in  old  bones  communi- 
cate freely  with  the  medullary  cavity  of  the  shaft  The  general  direction  of  the  fibres  is 
parallel  to  the  outer  surface  of  the  tuberosity.  The  lower  articular  end  is  formed  of  fine  spongy 
tissue,  more  compact  towards  the  surface,  and  arranged  in  lines  more  or  less  at  right  angles  to  its 
articular  planea  In  the  adult  the  principal  nutrient  canal,  viz.  that  which  opens  on  the 
surface  near  the  insertion  of  the  coraco-brachialis,  traverses  the  outer  compact  wall  of  the  shaft 
obliquely  downwards  for  a  distance  of  two  and  a  quarter  inches  before  it  opens  into  the 
medullary  cavity. 

Variations. — As  has  been  already  stated,  the  olecranon  and  coronoid  fossae  may  communicate 
with  each  other  in  the  macerated  bone.  The  resulting  supratrochlear  foramen  is  most 
commonly  met  with  in  the  lower  races  of  man,  as  well  as  in  the  anthroj)oid  apes,  and  in 
some  other  mammals.  The  occurrence  of  a  hook -like  spine,  called  the  epicondylic  process, 
which  projects  in  front  of  the  internal  epicondylic  ridge,  is  not  uncommon.  Its  extremity  is 
connected  with  the  internal  epicondyle  by  means  of  a  fibrous  band,  underneath  which  the  median 
nerve,  accompanied  bv  the  brachial  artery,  or  one  of  its  large  branches,  may  pass,  or  in  some 
instances,  the  nerve  alone,  or  the  artery  unaccompanied  by  the  nerve.  This  process  is  the  homo- 
logue  in  a  rudimentary  form  of  a  canal  present  in  many  animals,  notably  in  the  camivora  and 
marsupiala  In  addition  to  the  broad  musculo-spiral  groove  already  described,  and  which  is  no 
doubt  produced  by  the  twisting  or  torsion  of  the  shaft,  there  is  occasionallv  a  distinct  narrow 
groove  posterior  to  it,  which  marks  precisely  the  course  of  the  musculo-spiral  nerve  as  it  turns 
round  the  outer  side  of  the  shaft  of  the  bone. 

Ossification. — At  birth  the  shaft  of  the  humerus  is  usually  the  only  part  of  the 
bone  ossified,  if  we  except  the  occasional  presence  (22  per  cent)  of  an  ossific  centre  in  the 
head.  (H.  R.  Spencer,  Joum,  Anat.  and  Physiol,  vol.  xxv.  p.  552.)  The  centre  for  the 
shaft  makes  its  appearance  early  in  the  second  month  of  intrauterine  life.  Within  the 
first  six  months  after  birth  a  centre  usually  appears  for  the  head ;  this  is  succeeded  by 
one  for  the  great  tuberosity  during  the  second  or  third  year.  These  soon  coalesce  ;  and 
a  third  centre  for  the  small  tuberosity  begins  to  appear  about  the  end  of  the  third  year, 
or  may  be  delayed  till  the  fourth  or  fifth  year.  These  three  centres  are  all  blended  by 
the  seventh  year,  and  form  an  epiphysis,  which  ultimately  unites  with  the  shaft  about 
the  age  of  twenty-five.  It  may  be  noticed  that  the  superior  end  of  the  diaphysis  is 
conical  and  pointed  in  the  centre,  over  which  the  epiphysis  fits  as  a  cap,  an  arrangement 
which  thus  tends  to  prevent  its  displacement  before  union  has  occurred.  The  first  centre 
to  appear  in  the  Imver  extremity  is  that  for  the  capitelluxn  about  the  second  or  third 
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,vear.  Thia  eitendii  iDwards,  aiid  fomis  the  outer  lialf  of  the  trochlear  snrfoce,  the 
ceutre  for  the  iDuer  half  not  niakinj^  its  appearance  till  the  eleventh  or  twelfth  year. 
Se[Mnit«  ceDtreii  are  developed  iu  conuexiou  with  the  epicondrles ;  that  for  the  external 
appears  about  the  twelfth  year,  and  rapidly  coalescing  with  the  centres  for  the  capitellum 
and  trochlea  forms  an  epiphysifl,  wliich  wnit«8  with  the  shaft  about  the  sixteenth  or 
seventeenth  year.  The  centre  for  the  mtemal  epicondyle  appears  about  the  fifth  year; 
it  forms  a  separate  epiphysis,  which  unites  with  the  shaft  about  eighteen  or  nineteen. 
These  two  epiphyses  at  the  lower  end  of  the  bone  are  separated  by  a  down-growth  of  the 
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tihaft,  which  lies  between  the  intenial  epicondyle  and  the  trochlea,  and  forms  part  of  the 
liase  and  inner  side  of  the  latter  process. 

The  epicondylic  process  when  present  is  developed  from  the  diaphysis,  and  has  been 
observed  to  be  already  well  ossified  by  the  third  vear.  ("Proc.  Anat  Soc."  Journ.  Atiat. 
»nd  Phytiot.  1898.) 

The  Ulsa. 

Of  the  two  bones  of  the  forearm,  the  ulna,  which  is  placed  internally,  is  the 
longer.  It  consistB  of  a  large  superior  extremity  supporting  the  olecranon  and 
coroDoid  processes ;  a  shaft  tapering  &om  above  downwards ;  and  a  amall  rounded 
inferior  end  called  the  head. 

Superior  Extremity. — The  olecranon  process  (olecranon)  lies  in  line  with  the 
tthaft.  Its  posterior  surface,  more  or  less  triangular  in  form,  is  smooth  and 
subcutaneous  and  covered  by  a  bursa.  Its  snperior  aspect,  which  forms  with  the 
posterior  surface  a  nearly  rectangular  projection— the  tip  of  the  elbow — furnishes 
a  surface  for  the  insertion  of  the  tendon  of  the  triceps  muscle,  together  with  a 
smooth  area  which  ia  overlain  by  the  same  tendon,  but  separated  from  it  by  a 
bursal  sac.  To  the  anterior  crescentic  border  of  this  process  are  attached  the  fibres 
of  the  posterior  part  of  the  capsule  and  portion  of  the  internal  lateral  ligament  of 
the  elbow-joint.  The  anterior  surface  is  articular,  and  enters  into  the  formation  of 
the  great  sl^inold  cavity. 
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The  coionoid  procesa  (processua  coronoideus)  is  a  bracket-like  process,  which  juts 
forwards  from  the  fore  and  upper  part  of  the  shaft,  and  is  fused  with  the  olecranon 
process  superiorly.     By  its  upper  surface  it  enters 
(ii.EiRA.HON  PRocBM  ^^^  ^^^  formatioD  of  the  great  sigmoid  cavity, 

whilst  its  anterior  aspect,  which  is  separated  from 
its  upper  side  by  a  sharp  irregular  margin,  Blu]ies 
dowQwards  and   backwards  to   become  confluent 
with  the  anterior  surface  of   the  shaft.     Of  tri- 
angular shape,  this  area,  which  is   rough  and 
moLEHS  tubercular,  terminates  inferiorly  in  an  oval  elevated 
tubercle  (tuberositas  uln^E),  into  which  the  tendon 
luiD     of  the  brachittlis  anticua  muscle  is  inserted.     Of  the 
lateral  margins  of  the  coronoid  process,  the  inner 
is  usually  the  better  defined.     Above,  where  it 
,  joins   the   superior   border,  there   is   generally  a 

salient  tubercle,  to  which  one  of  the  heads  of 
origin  of  the  flexor  sublimis  digitorum  muscle  is 
attached,  whilst  below  this  point  the  inner  border 
furnishes  origins  for  the  pronator  radii  teres,  and 
i  occasionally  for  the  flexor  longus  pollicis  muscles, 

I  from  above  downwards.     The  smooth  inner  surface 

'  of  the  coronoid  procesa  merges  with  the  olecranon 

behind,  and  with  the  internal  surface  of  the  shaft 
below. 

The  great  sigmoid  cavity  (iucisura  semilunaris), 
for  articulation  with  the  trochlea  of  the  humerus, 
is  a  semicircular  notch,  the  upper  part  of  which 
is  formed  by  the  anterior  surface  of  the  olecranon, 
whilst  below  it  is  completed  by  the  upper  surface 
of  the  coronoid  process.  Constricted  towards  its 
deepest  part  by  the  notching  of  its  lateral  bordera, 
the  articular  surface  is  occasionally  crossed  by 
a  narrow  impression  which  serves  to  define  the 
olecranon  process  above  from  the  coronoid  below. 
The  articular  area  is  divided  into  an  inner  portion, 
slightly  concave  transversely,  and  an  outer  part, 
transversely  convex  to  a  slight  degree,  by  a  longi- 
tudinal smooth  ridge  which  extends  from  the  must 
prominent  part  of  the  border  of  the  olecranon 
above  to  the  most  outstanding  point  of  the  coronoid 
process  below.  The  margins  of  the  great  sigmoid 
cavity  are  sharp  and  well  defined,  and  serve,  with 
the  exception  of  the  area  occupied  by  the  small 
sigmoid  cavity,  for  the  attachment  of  the  capsule 
of  tha  elbow-joint. 

The  small  sigmoid  cavity,  placed  on  the  outer 

side  of  the  coronoid  process,  is  an  ofilong  articular 

surface  for  the  reception  of  the  head  of  the  radius. 

It   encroaches   on  the   lower  and   outer  part  of 

the  great  sigmoid  notch,  so  as  to  narrow  it  con- 

™         siderably.     Heparated   from   it   by  a  rectanguUr 

LRPi       curved  edge,  it  dispbiys  a  surface  which  is  plane 

btvloip  pro.;em)  from  above  downwards,  and  concave  from  before 

Fw.  UO.-TRE  H,„Rt  ULN»  AB  vimD  ^ackwards.      Its  anterior  extremity  is   narrower 

FKDu  TUB  UcTKH  SIDE.  aud  more  pomted  than  its  posterior,  and  becomes 

confluent  with  the  anterior  edge  of  the  coronoid 

process,  at  which  point  the  orbicular  ligament,  which   retains  the  bead   of  the 

radius  in  position,  is  attached  in   front.      Its  posterior   border,  wider   and  more 

outstanding,    lies    in    line,    and    is    continuous   with    the    interosseous    mai^n 
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of  the  shaft.  Behind  this  border,  the  orbicular  ligament  is  attached  pos- 
teriorly. 

The  shaft  of  the  ulna  (corpus  ulnae),  which  is  nearly  straight,  or  but  slightly 
carved,  is  stout  and  thick  above,  gradually  tapering  towards  its  lower  extremity. 
It  may  be  divided  into  two  surfaces,  a  flexor  and  an  extensor,  by  two  well-defined 
borders,  an  external  or  interosseoas  (crista  interossea),  and  a  posterior  (margo 
dorsalis),  which  latter  is  subcutaneous  throughout  its  whole  length. 

The  outer,  or  interosseous  border  (crista  interossea),  is  crisp  and  sharp  in  the 
upper  three-fourths  of  the  shaft,  but  becomes  faint  and  ill-defined  in  the  lower 
fourth.  To  this,  with  the  exception  only  of  the  part  which  forms  the  posterior 
boundary  of  the  bicipital  hollow,  is  attached  the  interosseous  membrane  which 
connects  the  two  bones  of  the  forearm.  The  posterior  border  (margo  dorsalis),  of 
sinuous  outline,  curving  outwards  above,  and  slightly  inwards  below,  is  continuous 
superiorly  with  the  triangular  subcutaneous  area  on  the  back  of  the  olecranon, 
being  formed  by  the  confluence  of  the  borders  which  bound  that  surface;  well 
marked  above,  it  becomes  faint  and  more  rounded  below,  but  may  be  traced  down- 
wards to  the  posterior  surface  of  the  base  of  the  styloid  process.  To  this  border  is 
attached  an  aponeurosis  common  to  the  flexor  carpi  ulnaris,  extensor  carpi  ulnaris, 
and  flexor  profundus  digitorum  muscles.  A  noteworthy  feature  in  connexion  with 
this  part  of  the  shaft  is  the  fact  that  it  is  subcutaneous,  and  can  easily  be  felt 
beneath  the  skin  throughout  its  whole  length. 

The  flexor  snr&ce  corresponds  to  the  front  and  inner  side  of  the  shaft.  It  is 
frequently  described  as  consisting  of  two  surfaces,  an  anterior  and  an  internal, 
which  are  separated  by  a  rounded  anterior  border  (margo  volaris),  which  extends 
from  the  tubercle  above  towards  the  styloid  process  below.  The  prominence  of 
this  ridge  varies  in  different  bones,  being  well  marked  in  bones  of  a  pronounced 
type,  but  corresponding  merely  to  the  rounding  of  the  surfaces  in  poorly  developed 
specimens.  The  flexor  aspect  of  the  bone  affords  an  extensive  origin  to  the  flexor 
profundus  digitorum  muscle,  which  clothes  its  anterior  and  inner  sides  in  its  upper 
three-fourths,  reaching  as  far  back  as  the  posterior  border,  and  extending  upwards 
as  high  as  the  inner  side  of  the  coronoid  process.  Immediately  below  the  small 
sigmoid  cavity  there  is  a  hollow  triangular  area,  limited  behind  by  the  upper  part 
of  the  interosseous  crest,  and  defined  in  front  by  an  oblique  Une  which  extends 
downwards  and  backwards  from  the  outer  margin  of  the  coronoid  process.  In  this 
hollow  the  bicipital  tubercle  of  the  radius  rests  when  the  forearm  is  in  the  prone 
position,  and  to  its  floor  are  attached  the  fibres  of  origin  of  the  supinator  radii  brevis 
muscle.  The  lower  fourth  of  the  shaft  is  crossed  by  the  fibres  of  the  pronator 
quadratus  muscle,  which  derives  its  origin  from  a  more  or  less  weU-defined  crest, 
which  winds  spirally  downwards  and  backwards  towards  the  front  of  the  root  of  the 
styloid  process,  and  is  continuous  above  with  the  so-called  anterior  border. 

The  extensor  aspect  of  the  shaft  lies  posteriorly  between  the  posterior  border 
and  the  interosseous  crest.  At  its  upper  part  it  is  placed  behind  the  great  and 
small  sigmoid  cavities,  extending  on  to  the  outer  side  of  the  olecranon.  Here  an 
area  corresponding  to  the  upper  third  of  the  length  of  the  bone  is  marked  off 
inferiorly  by  an  oblique  ridge  which  leaves  the  interosseous  crest  about  an  inch  or 
more  below  the  hinder  edge  of  the  small  sigmoid  cavity.  Into  this  somewhat 
triangular  surface  the  fibres  of  the  anconeus  are  inserted.  Below  this  the 
posterior  surface  is  subdivided  by  a  faint  longitudinal  ridge,  the  bone  between 
which  and  the  interosseous  crest  furnishes  origins  for  the  extensor  ossis  metacarpi 
poUicis,  extensor  longus  poUicis,  and  extensor  indicis  muscles,  in  order  from  above 
downwards.  The  surface  of  bone  between  the  posterior  border  and  the  afore-men- 
tioned longitudinal  line  is  smooth  and  overlain  by  the  extensor  carpi  ulnaris  muscle. 

The  inferior  extremity  of  the  ulna  presents  a  rounded  head  (capituliim  ulnse), 
from  which,  on  its  inner  and  posterior  aspect,  there  projects  downwards  a  cylindrical 
pointed  process  called  the  styloid  process  (processus  styloideus).  To  the  extremity 
of  this  latter  is  attached  the  internal  lateral  ligament,  whilst  in  front  it  has  con- 
nected ¥rith  it  the  antero-internal  portion  of  the  capsule  of  the  wrist-joint.  The 
antero-external  half  of  the  circumference  of  the  head  is  furnished  with  a  smooth 
narrow  convex  articular  surface,  which  fits  into  the  sigmoid  cavity  of  the  radius. 
lib 
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Its  inferior  surface,  flat  and  Bemilunar  in  shape,  and  separated  from  the  root  of  the 
styloid  process  by  a  well-marked  groove,  rests  on  the  upper  surface  of  the  triangular 

hbro- cartilage  of  the  wrist,  the 
apex  of  which  la  attached  to  the 
groove  just  mentioned.  The 
margins  of  the  head  in  front  and 
behind  the  radial  articular  surface 
have  attached  to  them  the  an- 
terior and  posterior  inferior 
radio  -  ulnar  ligaments.  The 
iiD  hinder  and  outer  surface  of  the 
styloid  process  is  channelled  by  a 
groove  which  separates  it  from 
the  posterior  surface  of  the  head, 
and  extends  some  little  way  up 
""  the  posterior  aspect  of  the  lower 
end  of  the  shaft.  luthis  is  lodged 
the  tendon  of  the  extensor  carpi 
ulnaris  muscle.  The  proportion- 
ate length  of  the  ulna  to  the  body 
height  is  as  1  is  to  626-6-66. 

Nutrient  Foramina.  —  A  fors- 
uen,  having  an  upwanl  direction  for 
the  nutrient  artery  of  the  shaft,  oiieM 
on  the  anterior  surface  of  the  lune 
from  two  to  three  inches  below  the 
tuberoeit}-.  Vascular  canaU  of  larae 
size  arc  seen  above  and  behind  the 
small  sigmoid  cavity,  just  poeterior  to 
the  notched  exteinial  border  of  thi^ 
great  Biffmoid  eavity.  At  the  lower 
end  of  tae  bone  similar  openings  are 
sten  in  the  groove  between  the  styloid 
prouera  and  the  inferior  articular  sur- 
face of  the  head. 

Oounezionfl.  — The    ulna  articu- 
l„,  lates  above  with  the  trochlea  of  the 

humerus.  On  the  outer  side  it  is  in 
conUct  with  the  radius  above  and 
below,  the  aupcrior  railio-ulnar  ar- 
ticulation being  formed  by  the  head 
of  the  radius  and  the  small  sigmoid 
cavity  of  the  idna,  the  inferior  radio- 
ulnar joint  comprising  the  head  of 
the  ulna,  which  ata  into  the  sigmoid 
cavity  of  the  radius.  Between  the** 
two  joints  the  shafla  of  the  bones  are 
united  by  the  interueseoiis  membrane. 
The  inferior  surface  of  the  head  of 
the  ulna  does  not  articululu  with  the 
carptiB,  but  rests  on  the  upper  surface 
of  the  inltrpoBed  triangular  fil'ro- 
cartilace.  Ths  ulna  is  superficial 
throUKiiout  its  entire  extenL  Su- 
periorly the  olecranon  process  can  \k 
readilv  recognised,  particularly  wheu 
the  ellx>w  is  bent,  as  in  this  position 
the  olecranon  is  withdrawn  from  the 
olecranon  fossa  of  the  humerus  in 
^  which  it  rests  when  the  joint  is  ex- 

tended. Below  this  the  Hubcutaneous 
Flo.  141.— Thk  Radius  and  Ulna  as  buh  pbom  thk  Fhont.     triangular  area  on    the   back  of  the 

olecranon  can  be  easily  determined. 
and  from  it  the  posterior  border  of  the  bone  can  readily  be  traced  along  the  line  of  the  "  ulnar 
furrow"  to  the  styloid  process  below.     With  the  hand  supine  this  latter  process  can  be  felt  '      ' 

inner  side  and  shghtlv  behind  the  wrist     When  the  hand  is  p ' -^    "'--  ' ■" 

radius  rolls  round  the  lower  extremity  of  the  ulna,  and  the  anteru- 
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the  latter  bone  now  fonng  a  weU-m&rked  projectioD  on  the  back  of  the  wrist  in  line  with  the 
cleft  between  the  little  and  ring  fingers. 

Architecttire. — The  weakest  parte  of  the  bone  are  the  conatricted  portion  of  the  great 
sigmoid  cavity,  and  the  gh&St  in  iu  lower  third,  the  bone  being  most  liable  to  fracture  at  these 
points.  On  section  the  medullary  cavity  ia  Been  to  extend  upwards  aa  high  aa  the  base  of  the 
coronoid  nroceea;  interiorly  it  reaches  as  low  as  the  upper  end  of  the  lower  fifth  of  the  bone.  The 
wallB  of  tne  shaft,  which  are  formed  of  dense  bone,  are  much  thicker  posteriorly  than  anteriorly. 
Above  they  are  continuous  with  the  front  of  the  coronoid  proceas  and  the  back  of  the  olecranon, 
wliere  they  are  composed  of  layers  of  looser  teiture,  which,  nowever,  gradually  become  thinner  as 
the  points  of  these  processes  are  reached.  Inferiorly  they  gradually  taper  until  the  bead  and 
ityloid  process  are  reached,  round  which  they  form  a  thin  shell,  considerably  thickened,  however, 
iu  the  region  of  the  groove  for  the  extensor  carpi  uhiaris  muscle.  The  bulk  of  the  upper 
extremity  ia  formed  of  loose  cellular  bone,  arranged  in  a  series  of  arcaden,  stretching  from  the 
anterior  to  the  posterior  wall  over  the  upper  end  of  the  medullary  canal.  Above  the  constricted 
part  of  the  great  sigmoid  cavity  the  bone  diapiays  a  different  structure  ;  here  it  is  formed  of 
spongy  bone,  of  closer  texture,  arranged  generally  in  lines  radial  to  the  articular  surface.  At  the 
point  of  constriction  of  the  great  sigmoid  cavity  the  layer  immediately  subjacent  is  much  denser 
and  mote  compact 

The  lower  fifth  of  the  bone  ia  formed  of  loose  spongy  bone,  the  fibres  of  which  have  a  general 
longitiidinal  arrangement ;  towanls  its  extieniity  the  meshes  become  smaller. 

vaxintioiiS. — Cases  of  partial  or  complete  absence  of  the  ulna  through  congenital  defect  hare 
been  recorded.  Boeenmiiller  has  described  a  case  in  which  the  olecranon  was  separated  from  the 
upper  end  of  the  bone,  resembling  thus  in  some  respects  the  patella.  In  powerfully  developed 
bones  there  is  a  tendency  to  the  formation  of  a  sharp  projecting  crest  corresponding  to  the  inser- 
tion of  the  triceps. 

Ossification. — The  ulna  ia  ossified  from  one  primary  and  two  or  more  secondary 
centres.     The  centre  for  the  shaft  appears  p^^  ^th  sh«it  sbout  le  jtm 

early  in    the  second  month  of   fcEtal  life.  -~ 

At  birth  the  shaft  and  a  considerable  part 
of    the    upper    extremity,    including    the  = 
coronoid  process,  are  ossified,  as  well  as  part  1 
of    the  lower  extremity.      The   olecranon  ^ 
process  and  the  inferior  surface  of  tbe  head  -^ 
and  the  styloid  process  are  cartilaginous.    | 
About  ten  years  of  age  a  secondary  centre  |_,| 
appears  in  the  cartilage  at  the  upper  end    ^ 
of    the    bone,    and    forms    an    epiphysis  - 
which  unites  with  the  shaft  about  sixteen.   •= 
A  acale-like  centre  appears  in  the  cartilage    ^ 
of  the  head    about   the  sixth   year,    from    | 
which  the  under  surface  of  that  part  of  the   ^ 
bone  is  developed,  and  by  the  extension  of 
which  the  styloid  process  is  also  ossified  ; 
this  epiphyuifi  does  not  uuite  with  the  shaft 
till    the  twentieth  or   twenty-third   year. 
Independent  centres  for  the  styloid  process 
and  for  the  extreme  edge  of  the  olecranon 
have   also  been  described.      The   student 
may  here  be  warned  that  the   epiphysial 
line  between   the   shaft  and    superior   or 
olecranon    epiphysis   does   not  correspond 
to  the  constricted  part  of  the  great  sigmoid  cavity,  but  lies  considerably  above  it. 


A  pp. 


^ 


PuHefi  witli  ihafl  SO-23  re 
Birth.     About  12  je»™.      Aboot  16  years, 
■'lo.  14!.— TBt  Ossification  of  the  Ulna. 


The  Kadiub. 

The  radilU,  or  oater  bone  of  the  forearm,  is  shorter  than  the  ulna,  with  which 
it  iB  united  on  the  inner  side  Superiorly  it  articulates  with  the  humerua,  and 
below  supports  the  carpus.  It  consists  of  a  head,  a  seek,  a  tubercle,  a  shaft, 
and  an  expanded  lower  extremitr.  The  shaft  is  narrow  above,  but  increases  in  all 
its  diameters  below. 

Upper  Bxtremity. — The  head  (capitulum)  is  disc-shaped  and  provided  with 
a  shallow  concave  surface  (fovea  capituli  radii)  superiorly  for  articulation  with  the 
capitellum  of  the  humerus.  The  circumference  of  the  head  (circumferentia  articu- 
laris)  is  smooth  and  is  embraced  by  the  orbicular  ligament.  On  the  inner  side  it 
18  usually  much  broader,  and  displays  an  articular  surface,  plane  from  above  down- 
14  c 


200  OSTEOLOGY. 

wards,  which  tolls  within  the  aniall  Bigmoid  cavity  of  the  ulna  in  the  movements 

of  pronation  and  supination.     The  character  of  the  outer  half  of  the  circumfurence 

oiKiTtAMOK  differs   from   the   inner  in 

being  narrower,  and  rounded 

from  above  downwards. 

g^  The  neck  (collum  radii) 

is  the  conBtrieted  part  of 
the  shaft  which  supports  the 
head,  the  overhang  uf  the 
latter  beinggreatest  towards 
the  outer  and  pnst«rior  side. 
Below  tlie  neck, on  the  inner 
side,  there  is  an  outstanding 
oval  prominence,  the  bi- 
cipital tuberosity  (tuber- 
""  ositas  radii).  The  posterior 
part  of  this  is  rough  for 
the  insertion  of  the  biceps 
t-endon,  whilst  the  anterior 
half  is  smooth  and  covered 
by  a  bursa  which  intervwifs 
lietween  it  and  the  tendon. 
The  sbaft  (corpus  radii ; 
which  has  an  outward  eiirve 
and  is  narrow  above  and 
iLiuiE  broad  below,iBwedge-fiha])ed 
'  on  section.     The  eiige  of  the 

wedge  forms  the  sharp  inner 

interosseous  margin  of  the 

bone     (crista     interossea), 

whilst  its  base  correspond.s 

to  tlie  thick  and  nmnded 

outer  bonier  over  which  the 

anterior    or   flexor   surface 

becomes  confluent  with  the 

posterior  or  ex  tensor  surfate. 

Tlie  internal  or  interos- 

seons    border,    faint    above 

where  it  lies  in   line  with 

the  posterior  l>onler  of  the 

bicipital  tubercle,  becomes 

sliarpnnd  prominent  in  the 

middle  third  of  the   Ixme. 

Ilelow  this  it  splits  into  two 

faint  lines,  which   lead   tf 

either  side  of  the  sigmoid 

cavity  on  the  lower  end  of 

the    bone,   thus    including; 

rp"  poll.     I'etweeii    them    a    narntw 

mi.  poll,    triangular  area  into  which 

'P'"^-     the    deeper    fibres  of    the 

rpinii.     pronator    radii     qnadratus 

muRcle    are    inserteii.     To 

this  border,  as   well   as  u< 

.  '■'"'^        the    posterior  of   the   two 

divergent  lines,  the  intaros- 

Kia.  143.--THE  B*rm-.s  anp  Ilna  i«  sek.v  miom  bihind.  seous  membrane  is  attache.!. 

The  external  border  (oftentimes  described  as  the  external  surlaee)  is  thick  and 

rounded  above,  but  becomes  thiimer  and  more  prominent  below,  where  it  merjjea 
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with  the  base  of  the  styloid  process.  About  its  middle  the  anterior  and  posterior 
oblique  lines  become  confluent  with  it,  and  here,  placed  between  them,  is  a  rough 
elongat'ed  impression  which  marks  the  insertion  of  the  pronator  radii  teres  muscle. 
Above  this,  and  on  the  outer  surface  of  the  neck,  the  supinator  radii  brevis  muscle 
is  inserted,  whilst  inferiorly  this  border  is  overlain  by  the  tendons  of  the  brachio- 
radialis  and  the  extensor  carpi  radialis  longior  and  brevier  muscles. 

The  anterior  or  flexor  smfetce  (facies  volaris)  is  crossed  obliquely  by  a  line  which 
ruus  from  the  bicipital  tubercle  above,  downwards,  and  outwards  towards  the 
laiddle  of  the  outer  border  of  the  shaft.  This,  oftentimes  called  the  anterior  oblique 
line,  serves  for  the  attachment  of  the  radial  head  of  origin  of  the  flexor  subUmis 
digitorum  muscle.  Above  it,  the  front  of  the  bone  has  the  fibres  of  the  supinator 
radii  brevis  muscle  inserted  into  it,  whilst  below  and  internal  to  it,  extending 
a«  far  down  as  the  inferior  limit  of  the  middle  third  of  the  boue,  is  an  extensive 
surface  for  the  origin  of  the  flexor  longus  pollicis  muscle.  In  the  lower  fourth 
of  the  bone,  where  the  shaft  is  broad  and  flat  in  front,  there  is  a  surface  for  the 
insertion  of  the  pronator  quadratus  muscle  which  also  extends  back  to  the  inter- 
osseous ridge. 

The  extensor  or  posterior  snrikce  (facies  dorsalis)  is  also  crossed  by  an  oblique 
line,  less  distinct  than  the  anterior.  This  serves  to  define  the  superior  limit  of  the 
origin  of  the  extensor  ossis  metacarpi  pollicis  muscle.  Above  tliis,  the  back  of  the 
neck  and  upper  part  of  tlie  shaft  is  overlain  by  the  fibres  of  the  supinator  radii  brevis, 
which  become  attached  to  this  surface  of  the  bone  in  its  outer  half.  Below  the 
posterior  oblique  line  the  posterior  surface  in  the  upper  part  of  its  inner  half  gives 
origin  to  the  extensor  ossis  metacarpi  pollicis,  and  the  extensor  brevis  pollicis 
muscles  in  order  from  above  downwards. 

The  lower  extremity,  which  tends  to  be  turned  slightly  forward  when  viewed 
from  Ijelow,  has  a  somewhat  triangular  form.  Its  inferior  carpal  articular  surface, 
concave  from  before  backwards,  and  slightly  so  from  side  to  side,  is  divided  into  two 
facets  by  a  slight  antero-posterior  ridge,  best  marked  at  its  extremities  where  the 
anterior  and  posterior  margins  are  notched;  the  external  of  these  areas,  of  tri- 
angular shape,  is  for  articulation  with  the  scaphoid,  whilst  the  inner,  quadrilateral  in 
form,  is  for  the  semilunar  bone.  The  anterior  border,  prominent  and  turned  forward, 
is  rough  at  its  edge,  where  it  serves  for  the  attachment  of  the  anterior  part  of  the 
capsule  of  the  wrist  joint.  The  posterior  border  is  rough,  rounded,  and  tubercular, 
and  is  grooved  by  many  tendons ;  of  these  grooves  the  best  marked  is  one  which  passes 
obliquely  across  its  posterior  surface.  This  is  for  the  tendon  of  the  extensor  longus 
pollicis  muscle.  The  outer  lip  of  this  groove  is  often  very  prominent,  and  forms 
an  outstanding  tubercle.  To  the  ulnar  side  of  this  oblique  groove  there  is  a  broad 
shallow  furrow  in  which  the  tendtms  of  the  extensor  communis  digitorum  and 
fx tensor  indicis  muscles  are  lodged,  whilst  to  its  outer  side  and  between  it  and  the 
styloiil  process,  there  is  another  broad  groove,  subdivided  by  a  faint  ridge  into  two, 
for  the  passage  of  the  tendons  of  the  extensor  carpi  radialis  brevior  and  the  extensor 
CArpi  radialis  longior  in  that  order  from  within  outwards.  The  styloid  process  (pro- 
cessus styloideus)  lies  to  the  outer  side  of  the  inferior  extremity ;  broad  at  its  base, 
it  becomes  narrow  and  pointed  below  where  by  its  inner  cartilage-covered  surface 
it  forms  the  summit  of  the  inferior  triangular  articular  area.  The  outer  surface  of 
this  process  is  crossed  obliquely  from  above  downwards  and  forwards  by  a  shallow 
groove,  the  anterior  lip  of  which  is  sharp  and  well  marked,  and  serves  to  separate  it 
from  the  anterior  surface  of  the  bone,  whilst  the  posterior  lip  is  often  emphasised 
by  a  small  tubercle  above.  The  tendon  of  the  brachio-radialis  muscle  is  inserted 
into  the  upper  part  of  either  lip,  and  also  spreads  out  on  to  the  floor  of  the  groove, 
whilst  the  tendons  of  the  extensor  ossis  metacarj)i  pollicis  and  the  extensor  brevis 
|)ollicis  muscles  lie  within  the  groove.  To  the  tip  of  the  styloid  process  is  attached 
the  external  lateral  ligament  of  the  wrist.  On  the  inner  side  of  the  lower  extremity 
i."^  placed  the  sigmoid  cavity  (incisura  ulnaris)  for  the  reception  of  the  head  of  the 
ulna.  Concave  from  before  backwards,  and  plane  from  above  downwards,  it  forms 
by  its  inferior  margin  a  rectangular  edge  which  separates  it  from  the  inferior 
carpal  surface.  To  this  edge  the  base  of  the  triangular  fibro-cartilage  is  attached, 
a  .structure  which  serves  to  separate  the  inferior  articular  surface  of  the  head  of 
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the  ulna  from  the  carpus.     The  anterior  and  posterior  edges  of  the  sigmoid  cavity, 
more  or  less  prominent,  serve  for  the  attachment  of  laments. 

The  proportionate  length  of  the  radius  to  the  body  height  is  as  1  ie  to 
670-711. 

Nutrient  Foramina. — The  openioge  of  several  amall  nutrient  canalB  msv  be  seen  in  ihe 
region  of  the  neck.  That  for  the  ahaft,  which  haa  an  upward  direction,  is  usuallv  placed  on  the 
front  of  the  bone,  internal  to  the  anterior  oblique  line,  and  from  an  inch  and  a  half  to  two  inches 
below  the  bicipital  tubercle.  The  back  of  the  lower  extremity  of  the  bone  is  pierced  by  nianj 
small  foramina. 

OonnexionB. — The  radius  articulates  with  the  capitellum  of  the  humerus  in  the  Seii«! 
position  of  the  elbow,  with  the  ulna  to  its  inner  side  oy  the  superior  and  inferior  radio-uhur 

C'jits,  and  with  the  scaphoid  and  semilunar  bones  of  the  carpus  below.  Above,  the  head  of  ihe 
ne  can  be  felt  in  the  intermuscular  depression  on  the  outer  side  of  the  bacic  of  the  elbow  ;  hi^rr 
the  bone  is  only  covered  by  the  skin,  superficial  fascia,  and  the  ttiin  common  tendinous  origin  of 
the  extensor  rauaclea,  as  wel!  as  the  ligaments  which  support  it.  Its  position  can  best  be  ascer- 
tained by  pronating  and  siipiuating  the  bones  of  the  foiearm,  when  the  head  will  be  felt  rotaliue 
beneath  the  finger.  The  lower  end  of  the  hone  is  overlain  in  front  and  behind  by  the  flexor  ana 
extensor  tendons,  but  ita  genera!  form  can  be  readilv  made  out.  The  styloid  process  lying  to  ihe 
outer  side  of  the  wrist  inline  with  the  extended  thumb  can  easily  be  recognised  j  note  Ihat  it 
reaches  a  lower  level  than  the  correspondinff  process  of  the  ulna.  The  outer  border  of  the  lower 
third  of  the  shaft  can  be  distinctlv  lelt,  as  here  the  bone  is  only  overlain  by  tendons. 

ArcMtectnra— The  neck  is  tne  narrowest  part  of  the  bone  ;  here  fracture  may  occur,  thooah 
not  commonly.  The  point  at  which  the  bone  is  usually  broken  is  about  one  inch  above  tne 
lower  extremity.  This  is  accounted  for  by  the  fact  that  the  radius  supjtorts  the  hand  at  the 
radio-carpal  articulation,  and  the  ahocka  to  which  the  latter  is  subjected,  as  in  endeavouring  lo 
save  oneself  from  falling,  are  naturally  transmitted  to  the  radius.  On  section,  the  medullarv 
canal  is  seen  to  extend  aa  high  as  the  neck ;  below,  it  reaches  to  the  level  of  the  inferior  fifth  of 
the  bone.  Its  walls  are  thicE  as  compared  with  the  diameters  of  the  bone,  particularly  along  the 
interosseous  border,  thus  imparting  rigidity  to  the  curve  of  the  shaft;  these  walk  thin  out 
above  and  below.  Superiorly,  tne  surface  of  the  bicipital  tubercle  is  formed  of  a  thin 
shell  of  bone,  which,  however,  thickens  again  where  it  passes  on  to  the  neck.  The  upper 
extiemitv  is  formed  of  spongy  bone  arranged  in  the  form  of  arcades,  reaching  below  the  fet'el 
of  the  bicipital  tubercle  internally,  but  not  extending  below  the  level  of  the  neck  «i- 
temally.  Beneath  the  capitellar  articular  surface  there  is  a  dense  layer,  thickest  in  the 
centre,  and  thinning  towards  the  circumference ;  this  is  overlain  by  a  very  thin  layiT  of 
leas  compact  bone. 

The  mferior  fifth  of  the  shaft  and  lower  extremity  are  formed  of  looae  spongy  bone 
^  '     1  longitudinally.      ^" 


fe 


I   mediately   subjacent   to   the   carpal   articulsr 

_         .  surface   the  tissue   ia  more  compact,  and  dis- 

g  «        y«»«  plays  a  striation  parallel  to  the  articular  plane, 

t  canal  <if  the  shaft  pierces  the 
ir  wall  of  the  up]>er  part  of  the  medul- 
lary cavity  obliquely  trom  lielow  upwatda  for 
the  space  of  half  an  iudi. 

VSTiationa — Cases  nf  congenital  alerace 
of  the  radius  are  recorded  ;  in  these  the  thumb 
is  not  infrequently  wanting  as  well 

Ossification. — Tbecentre  for  the  shaft 
makes  its  ap[>earance  early  in  the  second 
month  of  intrauterine  life.  At  birth  the 
shaft  is  well  formed  ;  its  upper  and  lower 
extremities  are  capped  with  cartilage,  and 
the  bicipital  tubercle  is  beginning  to  appear. 
A  secondary  centre  appears  in  the  cartilage 
of  the  lower  extremity  about  the  seooud  or 
third  year ;  this  does  not  unite  with  the 
shaft  until  the  twentieth  or  twenty-fifth 
year,  somewhat  earlier  iu  the  female.  From 
this  the  carpal  and  ulnar  articular  surfaces 
are  formed.  The  centre  for  the  head 
appears  from  the  fifth  to  the  seventh  year, 
and  fuBca  with  the  neck  about  the  age  of 
eighteen  or  twenty.  It  forms  the  capitellar 
articular  surface  and  combines  with  the  neck  to  form  the  area  for  articulation  with  the 
amall  sigmoid  cavity  of  the  ulna.  A  scale-like  cpipbj-sis  capping  the  summit  of  the 
bicipital  tubercle  has  been  described  ;  this  appears  about  the  fourteenth  or  fifteenth  year, 
and  rapidly  fuses  with  that  process. 


About  12  jun.         About  16  yetm. 
— THI  OSStncATION  OP  tbb  Ridics 


THE  BONES  OF  THE  HAND. 


THE  BONES  OF  THE  HAND. 


The  bones  of  the  haud,  twenty-Beven  in  number,  may  be  conveniently  divided 
into  three  groups : — 

(1)  The  bones  of  the  wriat  or  carpus — eight  in  number, 

(2)  The  bones  of  the  palm  or  metacarpuB— ^ySve  in  number. 

(3)  The  bones  of  the  fingers  and  thumb  or  phalanges— /owrieen  in  number. 

The  Carpus. 

The  carpal  bonu  (oesa  carpi)  are  arranged  in  two  rows :  the  first,  or  proximal 
row,  comprises  from 

without       inwards,  ■     2  ■    ; 

the      scaphoid     (oe  h     I    S     3    I 

naviculare),  semi- 
lunar (o8  lunatum), 
cuneiform  (09  tri- 
quetrum),  and  pisi- 
form (oa  pisiforme) ; 
the  second  or  distal 
tow  includes  the 
trapennm  (os  mul- 
taiigulum  majus), 
trapezoid  (oe  mul- 
tangulum  minus), 
OS  magnum  (os  capi- 

tat  urn),  and  unciform  8"*"oip»oi'  tcAU-^L 

(os  hamatum).  Ir- 
regularly six-sided, 
each  of  these  bones 
poBsessea  uon  -  ar- 
ticular palmar  and 
dorsal  surfaces.    In 

addition,   the    mar-  puum 

final  bones  are  non- 
articular  along  their 
ulnar     and    radial 

aspects  according  as  bkcdhd 

they  form  the  inner  FHALim 

or    outer   members  TintiB  ok 

of  the  series.  tebhooi. 


Pig.  145. — Tas  Bonw  o 


Scaphoid  Bone  (os  naviculare).— This  is  the  largest  as  well  as  the  outermost 
boue  of  the  first  row.  Its  palmar  surface,  rough  for  the  attachment  of  ligaments, 
is  irregularly  triangular.     The  inferior  external  angle  forms  a  projection  called 
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the  tolwroeity ;  this  can  be  felt  at  the  base  of  the  root  of  the  thumb.  Ita  superior 
surface  is  convex  from  side  to  side  and  before  backwards  for  articulation  with  the 
radius.  This  area  extends  considerably  over  the  posterior  surface  of  the  bone. 
Its  inferior  surface  is  convex  from  before  backwards,  and  extends  on  to  the  dorsal 
aspect  of  the  bone,  slightly  convex  from  side  to  side ;  it  is  divisible  into  two  areas, 
the  outer  for  articulation  with  the  trapezium,  the  inner  for  the  trapezoid.     The 

outer    surface   is   narrow 

oiMMicuM     suPHoiP  ^^^   rounded   and    forms 

a    non  -  articular    border, 

which   extends  from  tlie 

radial     articular    aurlace 

above   to   the    tuberosity 

below.    The  inner  surface 

is  hollowed  out  in  front 

ir*L       for  articulation  with  the 

head  of  the  os  magnunL 

Above  this  it  dJsplayB  a 

V. :  small    semilunar  -  shaped 

facet  for  the  semilunar 
bone.  The  dorsal  non- 
articviar  swrfaxe  lies  be- 
tween the  radial  articular 
surface  above  and  the 
surface  for  the  trapezium 
and  trapezoid  below.  It 
m"  is  obliquely  grooved   for 

the  attachment  of  the 
posterior  ligaments  of  the 
wrist.  The  scaphoid  artic- 
ulates with  five  bones— 
FHii  the  radius,  the  semilunar, 

the  OS  magnum,  the  trape- 
zoid, and  the  trapezium. 
^!  Semilnnsr  Bone  (os 

lunatum). — So  calledfrom 
its  deeply  excavated  form, 
the  semilunar  bone  lies 
between  the  scaphoid  on 
the  outer  side  and  the 
cuneiform  on  the  inner. 
Its  palmar  surface,  of 
rhombic  form  and  con- 
siderable size,  is  rough  for 
the  attachment  of  liga- 
„,,,_„■  „        „,  ,,  ments;   its  superior  sur- 

PlO.    !«.— THK    Bouts   OF    THE    RCQHT   WhISI    ANU    HiND    AS    BEKN  ,  '  ^,  .   , 

(BOM  Bbuind.  face,    convex     irom    side 

to  side  and  from  before 
backwards,  articulates  with  the  radius  and  in  part  with  the  under  surface 
of  the  triangular  fibro-cartilage  of  the  wrist.  Its  inferior  aspect,  deeply  hollowed 
from  before  backwards,  is  divided  into  two  articular  areas,  of  which  the  outer 
is  the  larger ;  this  is  for  the  head  of  the  os  magnum ;  the  inner,  narrow  from 
side  to  side,  articulates  with  the  unciform.  Its  external  surface,  crescentic  in 
shape,  serves  for  articulation  with  the  scaphoid,  and  also  for  the  attachment  of  the 
interosseous  ligaments  which  connect  it  with  that  bone.  Its  inner  surface,  of 
quadrilateral  form,  is  cartilage -covered  for  articulation  with  the  cuneiform,  and 
the  edge  which  separates  this  from  the  superior  surface  has  attached  to  it  the 
interosseous  ligament  which  unites  these  two  bones.  The  rough  dorsal  non- 
articular  surface  is  much  smaller  than  the  palmar ;  by  this  means  the  front 
and  back  of  the   boue   can  readily  be  determined.      The   semilunar  articulates 
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with  five  bones — the  scaphoid,  the  radiua,  the  cuneifonn,  the  tmciform,  and  the  os 
magnum. 

Caneiformor  Pyramidal  Bone 

(os  triquetrum). — This  bone  may 
be  rect^niaed  by  the  small  oval 
or  circular  facet  on  its  anterior 
surlace  for  the  pisiform.  This 
is  placed  towards  the  lower  part 
of  the  palmar  surface,  which  is 
el ae where  rough  fur  ligaments. 
The  bone  is  placed  obliquely,  so 
that  its  surfaces  cannot  be  ac- 
curately described  as  inferior, 
superior,  etc. ;  but  for  convenience 
of  description,  the  method  already 
adoptediaadheredto.  Thesuperior 
swrfajce  has  a  convex  rhombic  sur- 
face for  articulation  with  the  under 
surface  of  the  triangular  fibro- 
cartilage  in  adduction  of  the  hand, 
chough  ordinarily  it  does  not  ap-  Fio.  147.— the  Riqht  Scaphoid  Boni. 

pear     to    be    in    contact    with    that  Not«.— The  hone  U  repreaenteil  in  thecentre  of  theflpirBin 

Structure.       To   the   uhinr   side   of  '^  posit iou  which  it  occupiw  in  tha  h.nd  vi6w«l  from 

....                  -t       r          I'                 .  the  [roat.      The  views  on  either  Bide,  and  aboTeaud  below, 

this     It     IS     rough     for      ligaments.  represent  re»p«tiTely  tho  corresponding  »urf«e.  of  the 

The    inferior   swrfaee   is   elongated  bone  tameil  towarda  the  speoUtor. 

and  concavo-convex  from  without 

inwards  ;  here  the  bone  articulates  with  the  unciform.  The  external  surface,  broader 
in  front  than  behind,  articulates  with  the  semilunar.  The  inner  surface,  rounded 
and  rough,  is  con^uent  above  and  behind  with  the  superior  and  dorsal  aspects  of 

the  bone.  The  dorsal  surface, 
rounded  and  smooth  externally, 
is  ridged  and  grooved  internally 
for  the  attachment  of  ligaments. 
The  cuneiform  articulates  with 
three  bones,  viz.  the  pisiform,  the 
unciform,  and  the  semilunar. 

Pisiform  bone  (os  pisi  forme). 
— About  the  size  and  shape  of  a 
large  pea,  the  piaiform  bone  rests 
on  the  anterior  surface  of  the  fore 
end  of  the  cuneiform,  with  which 
itarticulates  by  an  oval  or  circular 
facet  on  its  dorsal  aspect.  The 
rounded  mass  of  the  test  of  the 
bone  is  non-articular,and  inclines 
downwards  and  outwards  so  as  to 
overhang  the  articular  facet  in 
front  and  externally.  The  mass 
of  the  bone  is  usually  separated 
from  the  articular  surface  bv  a 

FiQ.  148— The  Bioht  Skshlusas  Bonk.  „      n  u   »  a:  .-...,1.  t   » 

small  but  distinct  groove.     Into 

Kote.— The  bone  u  represented  in  tha  rentre  of  the  figure  in  the    the    Summit    of    the    bone     the 
poeition  which  it  ocenpies  in  the  hand  view,^  from  the  tendon  of  the  flexor  carpi  ulnaris 

front      The   ne»fs  on  either  side,   and    above  and    l>elow,  i      ■      ■  >    j  ji   ■  i 

repreuBt  rtspectively  Ihe  corraipiinding  surfaces  of  the  bone    mUBCle  18  inserted,  and  here  also 

tnnud  towards  tbe  spectator.  the  anterior   annular    hgament 

is  attached. 

Trapeziam  (os  multangulum  majus). — ^The  trapezium  is  the  outermost  bone  of  the 
second  row  of  the  carpus.  It  may  be  readily  recognised  by  the  oval  saddle-shaped 
facet  on  its  inferior  surface  for  articulation  with  the  metacarpal  bone  of  the  thumb. 
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From  its  palmar  aspect  there  rises  a  prominent  ridge,  within  which  is  a  groove  aloug 
which  the  tendon  of  the  flexor  car^ii 
radialia  inuecle  imsses.  The  ridge  fur- 
nishes an  attachment  fur  the  unterior 
anoular  ligament,  as  well  as  tor  anuic 
of  the  short  muscles  of  the  thuuih. 
The  supei-ior  surface  has  a  half  oval 
facet  for  the  scaphoid,  external  to  which 
it  is  rough,  and  becomes  continuous 
with  the  nOQ-articular  external  as/ieel. 
which  serves  for  the  attachmeot  of 
ligaments.  On  its  inner  mir/ace  therf 
are  two  facets;  the  upper  is  a  hall 
oval,  concave  from  above  downwards, 
and  very  slightly  convex  from  before 
backwards, 
and 

articulation 

"   withthetra- 

pezoid.  The 

lower,  small 

Fig.  14(..^Tbe  Rwht  Cunbikobm  Bone.  audcircular,  .u„.„.,.„ 

Note— The  bone  is  rcuresenUd  in    the  centre  of  the  „„  j    „„,    „!  Fig.  ISO.— Thb  KioHT  PwifdWi 

figure  in    the    po>itiou   which  it    ociipifs    in    the  ''°°    '"**   *'"  B..NF. 

hand  viewe.1  from  Hie  front.     Tlie  view-  ob  either  ways      pre  - 

aide,  nud  Bl«ve  «iid  below,   represent  respeclivelv  sent     IB     for  Note.— Tlie  figut*  to  the  left  re- 

the  correnponding    anrtace,,   of    the    Wne    tur»e,l  articiilfttinn  prwent-i  the  p.ln.ar  view  of  thr 

towntds  the  spectator.  artlCUiauOQ  ]„„^.    that    to    the    right    thr 

with        the  dorsal  view. 

outer    side    of    the     base   of    the   second    metacarpal 

bone.  The  dorsal  surface,  of  irregular  outline,  is  rough  for  the  attachment 
of  ligaments.  The  trapezium  articu- 
lates with  four  bones,  the  scaphoid, 
trapezoid,  and  the  first  and  secoml 
metacarpal  bones. 

Trapezoid  Bone  (os  multaugulum 
minus). — With  the  exception  of  the 

"'  pisiform,  thi^  is  the  smalleat  of  tht- 

carpal  bones.  Its  rough  palmar  sur- 
face is  small  and  pentagonal  in  outline. 
By  a  small  oblong  surface  on  itn 
superior  aspect  it  articulates  with  tht- 
scaphoid.  Infenorly,  by  a  somewhat 
'  saddle-shaped    surface,  it   articulates 

with  the  ba.se  of  the  second  meta- 
carpal. Seijarated  from  this  by  a 
rough  V-shaped  impression,  is  tht' 
surface  on  the  outer  side  for  articula- 
tion with  the  trapezium ;  this  appears 
as  if  obliquely  grooved  from  beforf 
backwards  and  downwards.  The  '«- 
tetiial  facet  for  articulation  with  the 

FIG.  151.-THE  RI.HT  TBAF»..t:«.  f    mSgUUm     is     narrow      from    a^K>ve 
^■..TK.-The  bone  i,  r.pr.-.nt,.din  thec.ntreof  the  ngur..  downwards,    and   deeply   cur^-ed   from 
in  the  po-ilion  whirh  it  occupic!.  in  the  hand  riewe.l  I)ei0re  backwards,      i  lie  dorsal  surjac 
from  the  front.     The  liewi  on  either  side,  and  •l>ovf  gf   jlig   faoue,  wllicll  18  rOUgh  and  non- 

and  below  reF*«»nt  rwv«,-tivelr  the  eorres].on.iiDg  ^^ticular,   is   much   larger   than   the 

snrfniesot  the  bone  turned  towards  the  siiectator.  niim-n".!.,     .o  _,,        °  r       l 

pahuar  aspect.  The  mass  ot  the 
bone,  dorsally,  is  directed  downwards  and  towards  the  ulnar  side.  The  trapezoid 
articulates  with  four  bimes — the  trapezium,  scaphoid,  os  magnum,  and  the  second 
iuetacari>al. 


Kic.  152. — TuK  KiuHT  Trapezoid. 

e  bans  is  reprcsmited  in  tlie  ceutr«  oi 


tho  front.     The  vie- 
rtpreaent  resprctivi 


cupiea  in  tiie  haml  viewed  from 
either  siite,  und  above  and  below, 
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Os  Ha^om  (os  capitatum). — This  ie  the  largest  of  the  carpal  boaea.    Its  palmar 
surface  la  rough  and  rounded.  The 
superior  portion  of  the  bone  forniR 
tlie   hMMl,  and  is  fumished  with 

convBx  articular  facets  which  fit  , 

iato  the  hollows  on  the  inferior 
surfaces  of  the  scaphoid  and  semi- 
lunar ;  that  for  the  latter  is  in- 
ternal to  and  separated  bj  a  slight 

ridge  from  the  soaphoid  articular  ' 

area.  The  inf  trior  surface,  narrow 
towards  its  palmar  border  and 
broad  dorsally,  ia  subdivided  usu- 
ally into  three  facets  by  two  ridges 
— that  towards  the  radial  side  is 
for  the  base  of  the  second  meta- 
carpal ;  the  middle  facet  is  for  the 
third  metacarpal ;  whilst  the  in- 
nermost facet  of  the  three,  not 
always  present,  very  small  and 
placed  near  the  dorsal  side  of  the 
)>one,  is  for  the  fourth  metacarpal. 
The  outer  aide  of  the  body  has  an 
articular  surface  for  the  trapezoid, 
uot  inft^ueutly  separated  &om 
the  scaphoid  surface  on  the  head 
by  a   rough   line,   to  which   the   interosseous  ligament  connecting  it  with    the 

scaphoid  is  atuched.     The 
[11.  MetMuiMi  inner  side  of  the  body  has 

an  elongated  articular  sur- 
face, usually  deeply  notched 
in  front,  or  it  may  be  di- 
vided anteriorly  into  a  small 
circular  area  near  the  dorsal 
I  edge ;  and  a  larger  posterior 
part.  This  latter  articulates 
■^  eitlier  singly  or  doubly  with 

■  !    the   unciform,  the   interoe- 

I  [   seouB  ligament  which  unites 

^,  I    the  two  bones  being  attached 

-  either   to   the   notch  or  to 

the  surface  separating  the 
two  articular  facets.  The 
dorsal  surface  ia  rough  for 
ligaments;  it  is  somewhat 
constricted  below  the  head, 
the  articular  surface  of  which 
sweeps  round  its  upper 
border. 

The  OS  magnum  articu- 
lates with  seven  hones — the 
unciform,  the  semilunar,  the 
scaphoid,  the  trapezoid,  and 
of  the  ligura  in  ilie  the  second,  third,  and  fourth 
"  '  .  metacarpal  bones ;  occasion- 
ally the  fourth  metacarpal 
does  not  articulate  with  the 


Flo.  153— Tub  Riout  Oa  Mai 
NoTK.— The  bone  is   repnwenled    in    the   centn 


poaition   vliich  it  occupiefi  iu  the   lian<!  viawed   from   tlie 
The  TiewH  on  tither  tide,  and  above  and  below,  represent  resjiectii 
the    correxpondiDg    surfaou    of    the    bone    turni^i)    towanla 

magnum. 
Unciform  Bone  (os  hamatum). — The  unciform  can  be  readily  distinguished  by 
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the  hook-like  process  (hamulus)  which  projects  from  the  lower  and  inner  aspect 
of  its  anterior  surface.     To  this  is  attached  the  anterior  annular  Ugament  as  well 
,  as  some  of  the  fibres  of  origin 

of  the  short  muscles  of  the 
little  finger.  The  ttlnar  si4t 
of  the  unciform  proceas  is 
^^  sometimes  grooved  by  the 
deep  branch  of  the  ulnar 
nerve  {Anderson,  W,, "  Proc. 
Anat.  Soc."  Joum.  Anai. 
and  Physiol.  voL  xxviii.  p 
11).  The  palmar  tur/au, 
rough  for  ligaments,  is  some- 
what triangular  in  shape 
Superiorly  and  internally 
there  is  an  elongated  ar- 
ticular surface  for  the  cunei- 
form, convex  above  and 
concave  below.  The  outtr 
anpect  of  the  bone  is  pro- 
vided with  a  plane  elongated 
facet,  occasionally  divided 
into  two  (see  above)  for  ar- 
ticulation with  the  OS  mag- 
num. Where  the  superior 
and  external  surfaces  meet, 
Fia.  154.— Thk  Rlobt  Uhciforu  Bonk,  the  angle  is  blunt,  and  has 


NOTB. — The  Irane  ia  represented   jq  the  centre  of  the  Dgure  in  the 


narrow   facet  which  ar- 


poBition  which  it  occnpint  in  the  hand  viewed  fi'om  the  front,  tlculates  with  the  Semilunar. 
The  views  on  either  side,  and  ibove  end  below,  rapreaentrespectivelj  Inferiorly  there  are  two 
^c^reaponding    enrhee^    of    the    bone    tunied    toward,    the    artlCuUr  (aCCtfl  Separated  by 

a  ridge;  these  are  slightly 
concave  from  before  backwards,  and  are  for  articulation,  the  outer  with  the  fourth, 
and  the  inner  with  the  fifth  metacarpal  bone.  The  dorsal  surface,  more  or  lees 
triangular  in  shape,  is  rough  for  ligaments. 

The  unciform  articulates  with  five  bones — viz.  the  os  magnum,  semilunar, 
cuneiform,  and  the  fourth  and  fifth  metacarpala 

The  Carpus  as  a  Whole. 

When  the  carpal  bones  are  articulated  together  they  form  a  bony  mass,  the 
dorsal  surface  of  which  ia  convex  from  side  to  side.  Anteriorly  they  present  a 
grooved  appearance,  concave  from  side  to  side.  This  arrangement  is  further 
emphasised  by  the  forward  projection,  on  the  inner  side,  of  the  pisiform  and  hook 
of  the  unciform,  whilst  externally  the  tuberosity  of  the  scaphoid  and  the  ridge  of 
the  trapezium  help  to  deepen  the  furrow  by  their  elevation.  To  these  four  points 
the  anterior  annular  llgameat  of  the  wrist  is  attached,  which  stretches  across  from 
side  to  side,  and  thus  converts  the  furrow  into  a  canal  through  which  the  flexor 
tendons  pass  to  reach  the  fingers. 

Architecture.-  -The  bones  are  formed  of  fairly  oomjiact  epongj'  tiaaue,  surrounded  by  b  thin 
shell  of  denser  bone.  They  are  very  vascular,  and  their  Don-articular  surfaces  are  pierced  by 
luany  foramina. 

Variations.— liicreHM  in  the  number  of  the  carpal  elements  is  occasionally  met  with,  and 
these  have  bt^en  ascribed  to  division  of  the  scaphoid,  wnjilunar,  cuneiform,  os  magnum,  imp*- 
zoid,  and  unciform.  In  the  last- mentioned  case  the  hook-like  process  pereiete  as  a  eepsialc 
ossicle ;  but  the  rp»earches  of  Thileniiis  {Marph.  Arbeittn,  Bd.  v.  Heft  3,  S.  462),  toother  with  ihe 
observations  of  Pfitzner,  prove  that  all  these  snpernmnerary  bones  are  hut  the  persistence  of  inde- 
pendent cartilairinoufl  elements  which  are  met  with  in  the  hand  of  the  human  embryo  Ix-tBt*!! 
the  second  ana  fourth  montLe,  and  which  either  disapiiear  or  Iwcorae  fused  wilh  adjacent 
elementa  Of  these  the  most  interesting  ia  the  oa  centrale,  first  described  by  RoBcnbe^,  Bid 
subsequently  investigated  by  Henke,  Leboucq,  and  others.    This  in  met  with  almoet  invariably 
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as  an  independent  cartikginoua  element  during  the  earlier  months  of  fecial  life,  and  occasionally 
Injcoiiies  developed  into  a  distinct  o^cle  placed  on  the  back  of  the  carpua  between  the  scaphoid 
and   oa   magnum  and   the   trapezoid.     Its  signilicance  depends  on  the  fact  that  it  in  an  im- 
portant component  of  the  carpus  in  meet  nianiEiialB,  and  is  met  with  noniiallj  in  the  orang 
and  mo*it  monkeys.    Ordinarily  in  man,  as  waa  pointed  out  by  Leboucq,  it  hecomea  fused  with  the 
Kcapboid,  where  ita  presence  is  often  indicated  by 
a    small    tubercle,   a    condition   which    maintains 
iu    the   chimpanzee,   the  gorilla,  and   the  gibbons. 
Dwighi    has   recently  described    a  case  in  which 
there    was   an    os    subcapitiilum    in    both    hands. 
The  oesicle  lay  between   the    base   of   the   middle 
metacarpal   bone  and    the  os  magnum  with  the 
trapezoid  to  its  radial  side.     (Anal.  Anz.  vol.  ixiv.) 
Further   addition    to    the   mini  Ik  r   of   the    carpal 
elements  may  be   due    to   the  fwparation  of  the 

styloid   piTMess  of   the  third  metacarpal  bone  and 
ite  persistence  as  a  separate  ossicle. 

Reduction  in  the   number  of  the  carpus  has 

been     met    with,    but    this     is    probably   due    to 

pathological    caiuies.      Morestin    {Bull.    Soe.  Anat. 

rU  ParU,  tome  71,  p.   651),  who   has   investigated 

the   Bufaject,  finds   that   ankylosis  occurs  most  fre- 
quently   between    the    bases   of    the    second    and 

third    metacarpal    bones  and   the   carpus,    seldom 

or  never  lietween  the  carpus  and   the   first   metS' 

carpal,  or  between    the    pisiform    and    cuneiform. 

G.  Elliot  Smith  has  recorded  an  instance  of  com- 

plet«  fusion  between  the  semilunar  and  cuneiform 

iMines  in  both  wrists  of  a  Soudanese  negro.     There 

was     no    evidence    of    any    pathological    change.  *■'«■  155.— EADiooKiFH  ok  thk  Hand 

{Anat.  Anz.  vol  xiiiL  1903.)  "  H'"™- 

Ossification.  —  At    birth    the    carpus 

entirely    cartilaginous.      An    eiceptional     case  "*, """   ™?'^^  ^*"   "''P'"   "■   ^'i" 

b   tisiired    by  Lambertz,  iu  which  the  centres  ,,*"'"  ^.?"'^'^"'^!"' ,„.  .      ,    .    , 

,       ^.i            '                              J             -I  Compare  this  witb  Fig.  197,  m  which  t  js 

for     the    OS     magmjm      and     unciform    were  tar-CT.  sho.n  m  p,^  .W.ly  o«»m«l. 
already  present.      The   aame    authority  atatea 

ttuit  it  i»  not  uncommon  to  meet  with  these  centres  in  the  aecotid  month  after  birth. 

According    to    Debierre    {Joum.  de  VAnat.  et    de  la    Pkytiol.  vol.  j.k\\.   1886,  p.  285), 
ossification  takes  place  approximately  as  follows  : — 

Oa  mf^mim         ....      II  to  12  months. 

UnciforDi 12  to  14  moDtlis. 

Cuneiform  .         .         .         .         .3  years. 
Semilunar  .  .     5  to  C  ycurs. 

Trapezium  .  .6  years. 

Scaphoid    .....     6  years. 

Trapezoid 6  to  7  years. 

Pisiform     .  .  .     10  to  12  years. 

if  a  separate  centre  for  the  apophysis 
ntres  for  the  pisiform. 
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The  metacarpal  bones  form  the  skeleton  of  the  palm,  articulating  proximally 
with  the  carpus,  whilst  by  their  distal  extremities  or  beads  they  support  the  bones 
of  the  fingers.  Five  in  number,  one  for  each  digit,  they  lie  aide  by  side  and 
ulightljr  divergent  fraui  each  other,  being  separated  by  intervals,  termed  interosseous 
spaces.  Distinguished  numerically  from  without  inwards,  they  all  display  certain 
common  characters ;  each  possessett  a  body  or  shaft,  a  base  or  carpal  extremity,  and  a 
head  or  phalangeal  end. 

Tlie  sbaftB,  which  are  sliglitly  curved  towards  the  palmar  aspect,  are  narrowest 
towards  their  middle.     Their  dorsal  surface  is  marked  by   two  divergent   lines 
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which  pass  forward  from  the  back  of  the  base  to  tubercles  on  either  side  of  the 

head.  The  surface  included  between  the  two  lines  is  smooth  and  of  elongated 
triangular  form.  On  either  aide  of  these  lines  two  broad 
shallow  grooves  wind  spirally  forward  on  to  the  palmar 
ii«d  surface,  where  they  are  separated  in  front  by  a  sharp  ridge 
which  is  continuous  with  a  somewhat  triangular  surface 
which  corresponds  to  the  palmar  aspect  of  the  base.  The 
grooved  surfaces  on  either  side  of  the  shaft  furnish  origins  for 
the  interossei  muscles.  Close  to  the  palmar  creat  is  the 
shuft  opening  of  the  nutrient  canal,  which  is  directed  towards  the 
carpal  extremity,  except  in  the  case  of  the  first  metacarpal 
bone. 

The  bead   (capitulum)   is   provided  with   a   surface  for 
articulation  with  the  proximal  phalanx.     This  area  curves 
iiuw       farther  over  ita  palmar  than  its  dorsal  aspect.     Convex  from 
before  backwards  and  from  side  to  aide,  it  is  wider  anteriorij 
than  posteriorly ;  notched  on  its  palmar  aspect,  its  edges  form 
two  prominent  tubercles,  which  are  sometimes  grooved  for  the 
small  sesamoid  bones  which  may  occasionally  be  found  on  the 
anterior  surface  of  the  joint.     On  either  side  of  the  head  of  the 
bone  there  is  a  deep  pit,  behind  which  is  a  prominent  tubercle ; 
to    these    a">    at. 
tached  the 
ligaments    i 
metacarpo-] 
geal  joints. 
The  baaea   (basis),  all  more 

wedge-shaped   in  form,   articulat 

the  carpus;  they  diHbr  in  size  am 

according  to  tlieir  articulation. 
Of   the   five   metacarpal   bon 

inrt,  viz.  that  of  the  thumb, 

is  the  shortest  and   stoutest, 

the    second    is    the    longest, 

whilst  the   third,  fourth,  and 

fifth  display  a  gradual  reduc- 
tion in  length. 

The  four  inner  bones  ar-    ^ 

ticulate   by  their   bases  with     I 

uach  other,  and  are  united  at    ^ 

their    distal    extremities    by 

ligaments.      They  are  so  ar- 
ranged as  to  conform  to  the 

hollow  of  the  palm,  being  con- 
cave   from   side    to  side   an-      ^ 

teriorly.andcon  vex  posteriorly. 

The    first    metacarpal    differs 

from  the  others  in  being  free 

at  its  distal  extremity,  whilst 

its  proximal  end  possesses  only 

a  carpal  articuLir  facet.  ,,„  ,57.-H«co«.  mwac.hpal  Bum. 

■  ^  The  flratmetoCarpal  bone  Not^-TT,.  ho.e  l.  r.p,^aUd  in  tt,.  centra  or  the  fip.™  l.  the 
IS  the  shortest  and  stoutest  of  i^itjon  which  it  occupies  in  the  h«iid  xiewed  fron.  the  fmW. 

the   series.       Its  shaft  is  com-  The   risw«    on    either   Bide,   and    below.    repreBent    re»pe«iirlv 

pressed  from  before  Ijackwards.  l^"  ^"^(""ding  mrfK^a  of  ths  bone  turnoil  towwds  iht 
Its  head,  of  large  size,  ia  but 

slightly  convex  from  side  to  aide,  and  is  grooved  in  front  for  the  sesamoid  bones. 
The  base  is  provided  with  a  saddle-shaped  surface  for  articulation  with  the  trapezium, 
and  has  no  lateral  facets.     Externally  there  is  a   slight   tubercle   t<j  which  the 
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abductor  longus  pollicis  or  exlei 
carpi  poUicis  muscle  is  attached, 
the  nutrient  artery  is  directed  tow 
the  bona 

The  aecond  metacarpal  bon 
by  its  length  and  its  broad  and 
base  for  articulation  with  the  tn 
a  small  half-oval  facet  for  the  tr 
radial    aide    of    its    base, 
whilst  on  its  ulnar  aspect 
it  presen  ts  a  QBiTow  vertical 
strip  for  the  os  magnum, 
in  front  of  which  there  are       "'^^JJ 
two  half-oval  surfaces  for 
the  third  metacarpal.     To  '"•"Uon 
the  dorsal  aspect  of  the  base   wr  uriii 
is  attached  the  tendon  of     "^^ 
the  exteasor  carpi  radialia 
longior  muscle,  whilst  the 
flexor  carpi  radialis  is  in-       styim 
aerted  in  front. 

The  third  metacarpal 
bone  can  usually  be  recog- 
nised by  the  pointed  styloid 
process  which  springs  from 
the  back  of  its  base,  and  is 
directed  radial-wards.  Su- 
periorly there  is  a  facet  on  Notk.— Tl 
thebaeefortheosmaenum.  '"^""^ 

°  r».  nil 


Fid.  1C>8.— TaiRO  Metacarpal  Buni. 
bone  ia  represented  in  the  centre  of  the  figure  ia  the  positioQ 
It  occupies  in  the  hand  viewe.1  from  the  front.     The  views 
er  aiiie,  and  helow,  represent  respectively  the  corresponding 
I  of  the  bone  turned  towards  the  specUtor. 


PiQ.  1&9.— FoDHTH  Metacarpal  Boxb, 
re. —The  bone  in  each  figure 
hand  viewed  Irom  the  front. 

tnrfaces  of  the  bone  turned 


FiQ.  180. 
represented  in  the  centre  of  the  figure 
The  vlewa  on  either  side,  and  below,  ri 
iwanls  the  tpeitator. 


!presenl  reapectively  tl 


To  the  radial  side  there  are  two  hall-oval  facets  for  the  second  metacarjial.     To 
the  ulnar  side  there  are  usually  two  small  oval  or  nearly  circular  facets  for  the 


212  OSTEOLOGY. 

fourth  metacarpal.  The  extensor  carpi  radialis  brevior  muscle  is  inserted  into  the 
back  of  the  base. 

The  fourth  metacarpal  bone  may  be  recognised  by  a  method  of  exclusion.  It 
is  unlike  either  the  first,  second,  or  third,  and  differs  from  the  fifth,  which  it 
resembles  in  size,  by  having  articular  surfaces  on  both  sides  of  its  base.  Superiorly 
there  is  a  quadrilateral  surface  on  its  base  for  articulation  with  the  unciform.  On 
its  radial  side  there  are  usually  two  small  oval  facets  for  the  third  metacarpal  Of 
these  facets  the  dorsal  one  not  infrequently  has  a  narrow  surface  for  articulation 
with  the  08  magnum.  On  the  ulnar  side  there  is  a  narrow  articular  strip  for  the 
base  of  the  fifth  metacarpal. 

The  fifth  metacarpal  bone  can  be  recognised  by  its  size  and  the  fact  that  it 
has  only  one  lateral  articular  facet  on  its  base,  namely,  that  on  its  radial  side  for 
the  fourth  metacarpal.  The  carpal  articular  surface  is  saddle-shnped,  and  there  is 
a  tubercle  on  the  ulnar  side  of  the  base  for  the  insertion  of  the  extensor  carpi 
ulnaris  muscle. 

As  has  been  already  pointed  out,  the  openings  of  the  arterial  canals  are  usually  seen  on  the 
palmar  surfaces  of  the  metacarpals,  those  of  the  four  inner  bones  being  directed  upwards  towards 
the  base  or  carpal  end,  differing  in  this  respect  from  that  of  the  first  metacarpal,  which  is  directed 
downwards  towards  the  head  or  phalangeal  extremity.  The  opening  of  the  latter  canal  ui^uallj 
lies  to  the  ulnar  side  of  the  palmar  aspect  of  the  shaft. 

Architecture. — Similar  in  arrangement  to  that  of  long  bones  generally,  though  it  luay  W 
noted  that  the  compact  walls  of  the  sliaft  are  thicker  in  proportion  to  the  length  of  the  tone 
than  in  the  other  long  bones  of  the  upper  extremity. 

Variations. — ^As  previously  statea  {ante,  p.  20^),  the  styloid  apophysis  of  the  third  meta- 
carpal bone  appears  as  a  separate  ossicle  in  about  1'8  per  cent  of  cases  examined  ("  Fourth  Annual 
Report  of  the  Committee  of  Collect  Invest  Anat  Soc.  Gt  Brit,  and  Ireland,"  Joum.  Anat.  aurf 
PhydoL  voL  xxviii.  p.  64).  In  place  of  being  united  to  the  third  metacarpal,  tlie  styloid 
apophysis  may  be  fused  with  either  the  os  mamium  or  the  trapezoid,  under  whicn  conditions  the 
base  of  the  third  metacarpal  bone  is  without  this  characteristic  process. 

Ossification. — The  metacarpal  bones  are  developed  from  primary  and  secondary 
centres  ;  but  there  is  a  remarkable  difference  between  the  mode  of  growth  of  the  first  and 
the  remaining  four  inner  metacarpals,  for  whilst  the  shaft  and  head  of  the  first  metacarpal 
are  developed  from  the  primary  ossific  centre,  and  its  ftcwc  from  a  secondary  epiphysis,  iu 
the  case  of  the  second,  third,  fourth,  and  fifth  metacarpals,  the  shafts  and  bases  are  de- 
veloped from  the  primary  centres,  the  Iieads  in  these  instances  being  derived  from  the 
secondary  epiphyses.  In  this  respect,  therefore,  as  will  be  seen  hereafter,  the  metacarpal 
bone  of  the  thumb  resembles  the  phalanges  iu  the  manner  of  its  growth,  a  circumstance 
which  has  given  rise  to  considerable  discussion  as  to  whether  the  thumb  is  to  be  regarded 
as  possessing  three  phalanges  and  no  metacarpal,  or  one  metacarpal  and  two  phalanges. 
The  primary  centres  for  the  shafts  and  bases  of  the  second,  third,  fourth,  and  fifth  meta- 
carpals appear  in  that  order  during  the  ninth  or  tenth  week  of  intrauterine  life,  some 
little  time  after  the  terminal  phalanges  have  begun  to  ossify,  that  for  the  shaft  and  head 
of  the  metacarpal  bone  of  the  thumb  a  little  lat«r.  At  birth  the  shafts  of  the  bones  are 
well  formed.  The  secondary  centres  from  which  the  heads  of  the  second,  third,  fourth, 
and  fifth  metacarpals  and  the  base  of  the  first  are  developed,  appear  about  the  third  year, 
and  usually  completely  fuse  with  the  shafts  about  the  age  of  twenty.  There  may  be  an 
independent  centre  for  the  styloid  process  of  the  third  metacarpal,  and  there  is  usually  a 
scale-like  epiphysis  on  the  head  of  the  first  metacarpal  which  makes  its  appearauce  about 
eight  or  ten,  and  rapidly  unites  with  the  head. 

The  Phalanges. 

The  phalanges  or  finger  bones  (phalanges  digitorum  manus)  are  fourteen  in 
number — three  for  each  finger,  and  two  for  the  thumb. 

Named  numerically  in  order  from  the  proximal  toward  the  distal  ends  of  the 
fingers,  the  first  phalanx  (phalanx  prima),  the  longest  and  stoutest  of  the  three,  has  a 
semi-cylindrical  shaft  which  is  curved  slightly  forwards.  The  palmar  surface  is  flat, 
and  bounded  on  either  side  by  two  sharp  borders  to  which  the  sheath  of  the  flexor 
tendons  is  attached.  The  dorsal  surface,  convex  from  side  to  side,  is  overlain  by 
the  extensor  tendons.  The  proximal  end,  considerably  enlarged,  has  a  simple  oval 
concave  surface,  which  rests  on  the  head  of  its  corresponding  metacarpal  bone.  On 
either  side  of  this  the  bone  is  tubercular,  and  affords  attachment  to  the  latemi 
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ligamenta  of  the  metaearpo-phalangeal  joint,  and  also  to  the  iDterossei  muBcle.    The 
distal  ead  is  much  smaller  than  the  proximal ;  the  convex 
articular  surface  is  divided  into  two  condyles  by  a  central  4f^ 

groove  running  from  before  backward.     Tlie  second  phalanx  m.     S^y 

(phalanx  secunda)  resembles  the  first  in  general  form,  but      n^^^^      ■Ki 
is  of  smaller  size.     It  differs,  however,  in  the  form  of  its        t-ruiiini   ^^Ik 
proximal  articular  surface,  which  is  not  a  simple  oval  con-  ^^^ 

cavity,  but  is  au  oval  area  divided  into  two  email,  nearly 
circular  concavities  by  a  central  ridge  passing  from  before 
backwards ;  these  articukte  with  the  condyloid  surfaces  of 
the  proximal  phalanx.  Into  the  margluB  of  its  palmar 
surface   near   the   proximal   end   are   inserted    the   split  ^ 

portions  of  the  tendon  of  the  flexor  sublimia  digitorum, 
whilst  on  the  dorsal  aspect  of  the  proximal  end  the  central 
slip  of  the  extensor  communis  digitorum  muscle  is  at- 
tached. The  third,  temtinal  or  ongoal  phalanx  (phalanx 
tertia),  is  the  smallest  of  the  three ;  it  is  easily  recognised 
by  the  spatula-shaped  surface  on  its  distal  extremity  which 
supports  the  nail.  The  articular  surface  on  its  proximal 
end  resembles  that  on  the  proximal  end  of  the  second 
phalanx,  but  is  smaller.  On  the  palmar  aspect  of  this  end 
of  the  bone  there  is  a  rough  surface  for  the  insertion  of 
the  tendon  of  the  flexor  profundus  digitorum  muscle.  The  '- 
dorsal  surface  of  the  same  extremity  has  attached  to  it  the 
terminal  portions  of  the  tendon  of  the  extensor  communis 
digitorum  muscle.  The  phalanges  of  the  thumb  resemble 
in  the  arrangement  of  their  parts  the  first  and  third 
phalanges  of  the  fingers. 

The  arterial  canals,  usually  two  in  number,  placed  on  eitber 
side  of  the  palmar  aapect  and  nearer  the  distal  than  the  proximal  Mi^uurui 

end  of  the  bone,  are  directed  towards  the  finger-tips. 

ArchitectnTQ. — Each  phalanx  has  a  medullary  cavity,  the  walls 
of  the  shaft  being  formed  of  dense  compact  bone,  especially  thick 
aloi^  the  dorsal  aspect.     The  eitreniilies  are  made  up  of  spongy  bone  within  a  thin  dense  shell. 

Varlatdona— Several  instances  have  been  recorded  of  oasea  in  which  there  were  three  phalanges 
in  the  thumb.  Bifurcation  of  the  l«rminal  phalanges  has  occasionally  been  met  with,  and  exanimes 
of  auppression  of  a  phalangeal  s««tiieut  or  it«  absorption  by  another  phalanx  have  also  been  de- 
scribed (Haseelwander,  ZeiU  F.  MorpK  «.  Antkr.,  vol  vi  1903). 

Ossification. — The  phalanges  are  ossitied  from  primary  and  secondary  centres.    From 
the  former,  which  appear  as  early  as 
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the  terminal 


ird  month.  The  ceDtns  for  nil 
re  now  distinct,  and  the  centres 
le  Indei.  middle,  aad  ring  fingers 

D.  Between  the  third  «nd  fourth  month.  The  primery  centres 
tor  >11  the  phalanges  and  metacarpus  are  now  well 
dSTeloped. 

sequent  to  the  appearance  of  ossific  centres 
15  a 


the  ninth  week  of  fcctai  life,  the  shaft 
and  distal  extremities  are  developed  ; 
whilst  the  latter,  which  begin  to  appear 
about  the  third  year,  form  the  proximal 
epiphyses  which  unite  witli  the  shafts 
from  eighteen  to  twenty.  Diiey  {Proc. 
Roy.  Hoc.,  XXX,  and  xxxi.)  has  pointed 
out  that  the  primary  centre  in  the 
ungual  phalanges  commences  to  ossify 
in  the  distal  part  of  the  bone  rather 

°bone°oTthe   ^^an  towards  the  centre  of  the  shaft. 

for  the  Srat  This  observation  has  been  coofirmed 
by  Lambertz,  who  further  demoD- 
Btratea  the  fact  that  ossification  com- 
mences earlier  in  the  distal  phalanges 
than  in  any  of  the  other  bones  of  the 
itres  hand.  Of  the  other  phalanges,  those 
**  of  the  first  row,  beginning  with  that 
of  the  third  finger,  next  ossify,  sub- 
the  shafts  of  the  metacarpal  l>oneB,  whilst 
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the  second  or  intermediaie  row  of  the  phalanges  is  the  last  to  ossify  about  the  end  of  the 
third  month. 

Sesamoid  Bones. 

Two  little  oval  nodules  (ossa  sesamoidea),  which  play  in  grooves  on  the  palmar 
aspect  of  the  articular  surface  of  the  head  of  the  first  metacarpal  bone,  are  constantlj 
met  with  in  the  tendons  and  ligaments  of  that  metacarpo-phalangeal  articulation. 
Similar  nodules,  though  of  smaller  size,  are  sometimes  formed  in  the  corresponding 
joints  of  the  other  fingers,  more  particularly  the  index  and  little  finger ;  as  Thilenius 
heua  pointed  out  {Morph.  Arbeiten,  vol.  v.),  these  are  but  the  persistence  of  cartilaginoua 
elements  which  have  a  phylogenetic  interest. 


THE  LOWER  LIMB. 

THE  PELVIC  GIRDLE  AND  THE  LOWER  EXTREMITY. 

The  pelvic  girdle  is  formed  by  the  articulation  of  the  two  haunch  bones  with 
the  sacrum  behind,  and  their  union  with  each  other  in  front,  at  the  joint  called  the 
symphysis  pubis. 

The  Innominate  Bone. 

The  innominate  or  haunch  bone  (os  coxse)  is  the  largest  of  the  flat  bones  of  the 
skeleton.  It  consists  of  three  parts — the  ilium,  the  ischium,  and  the  pubu— 
primarily  distinct,  but  fused  together  in  the  process  of  growth  to  form  one  lar^e 
irregular  bone.  The  coalescence  of  these  elements  takes  place  in  and  around  the 
acetabulnm,  a  large  circular  articular  hollow  which  is  placed  on  the  outer  side  of  the 
bone.  The  expanded  wing-like  part  above  this  is  the  ilium ;  the  stout  V-shaped 
portion  below  and  behind  it  constitutes  the  ischium ;  while  the  >-8haped  part  to 
the  inner  side,  and  in  front  and  below,  forms  the  pubis.  The  two  latter  portions  of 
the  bone  enclose  between  them  a  large  aperture  of  irregular  outline,  called  the 
thsrroid  or  obturator  foramen  (foramen  obturatorum),  which  is  placed  in  front  and 
below,  and  to  the  inner  side  of  the  acetabulum. 

The  ilium,  almost  a  quadrant  in  form,  consists  of  an  expanded  plate  of  bone, 
having  a  curved  superior  border,  the  iliac  crest  (crista  iliaca).  Viewed  from  the 
side,  this  forms  a  curve  corresponding  to  the  circumference  of  the  circle  of  which 
the  bone  is  the  quadrant ;  viewed  from  above,  however,  it  will  be  seen  to  display 
a  double  bend — convex  anteriorly  and  externally,  and  concave  posteriorly  and 
externally.  The  iliac  crest  is  stout  and  thick,  and  for  descriptive  purposes  is 
divided  into  an  outer  lip  (labium  externum),  an  inner  lip  (labium  internum),  and 
an  intermediate  surface  (linea  intermedia)  which  is  broad  behind,  narrowest  about 
its  middle,  and  wider  again  in  front.  About  2^  inches  from  the  anterior  extremity 
of  the  crest  the  outer  lip  is  usually  markedly  prominent  and  forms  a  projecting 
tubercle,  which  can  readily  be  felt  in  the  living.  Attached  to  these  surfaces  and 
lips  anteriorly  are  the  muscles  of  the  flank,  whilst  from  them  posteriorly  the 
latissimus  dorsi,  quadratus  lumborum,  and  erector  spinse  muscles  derive  their 
origins.  The  crest  ends  in  front  in  a  pointed  process,  the  anterior  superior  iliac  spine 
(spina  iliaca  anterior  superior).  To  this  the  outer  extremity  of  Poupart's  ligament 
is  attached,  as  well  as  the  sartorius  muscle,  which  also  arises  from  the  edge  of  bone 
immediately  below  it,  whilst  from  the  same  process  and  from  the  anterior  end  of 
the  outer  lip  of  the  iliac  crest  externally  the  tensor  fasciae  femoris  muscle  takes 
origin. 

The  anterior  border  of  the  ilium  stretches  from  the  anterior  superior  iliac  spine 
to  the  margin  of  the  acetabulum  below.  Above,  it  is  thin  ;  but  below,  it  forms  a 
thick  tubercular  process,  the  anterior  inferior  iliac  spine  (spina  iliaca  anterior  in- 
ferior). From  this  the  rectus  femoris  muscle  arises,  whilst  the  stout  fibres  of  the 
ilio-femoral  ligament  of  the  hip-joint  are  attached  to  it  immediately  above  the 
acetabular  margin.  Posteriorly,  the  crest  terminates  in  the  posterior  superior  iliw 
spine  (spina  iliaca  posterior  superior).  Below  this,  the  posterior  border  of  the  bone 
is  sharp  and  irregularly  notched  terminating  in  a  prominent  angle,  the  posterior 
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inftfior  iliac  spine  (spina  iliaca  posterior  inferior),  in  front  of  which  the  edge  of  the 
bone  becomes  thick  aud  rounded,  and  forma  a  wide  notch  which  sweeps  forwards 
and  downwards  to  join  the  mass  of  bone  behind  the  acetabulum,  where  it  becomes 
fused  with  the  ischium ;  this  is  called  the  ilio-sciatlc  or  great  sciatic  notch  (iiicisura 
ischiadica  major). 

The  ilium  has  two  surfaces,  an  inner  and  an  outer.     The  external  surface  is 
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divided  into  two  parts,  viz,  a  lower  acetabular,  aud  an  upper  gluteal  part.  The 
lower  forms  a  little  less  than  the  upper  two-fifths  of  the  acetabular  hollow,  and  is 
separated  from  the  larger  gluteal  surface  above  by  the  upper  prominent  margin  of 
the  articular  cavity.  The  glnteal  anrfoce,  broad  and  expanded,  is  concavo-convex 
from  behind  forward.  It  is  traversed  by  three  rough  carved  lines,  well  seen  in 
strongly  developed  bones,  but  often  faint  and  indistinct  in  feebly  marked  speci- 
mena  Of  these  the  Inferior  curved  line  (linea  glutcea  inferior)  eurvea  backwards 
from  a  point  immediately  above  the  anterior  inferior  spine  towards  the  ilio-sciatio 
15  6 
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notch  posteriorly ;  the  bone  between  this  and  the  acetabular  margin  is  marked  by 
a  rough  shallow  groove,  from  which  the  reflected  head, of  the  rectus  femoria  muscle 
arises.  The  middle  cnrred  lime  (hnea  glutEea  anterior)  cotnmences  at  the  creet  of 
the  ilium,  about  one  inch  and  a  half  behind  the  anterior  superior  iliac  spine,  and 
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sweeps  backwards  and  downwards  towards  the  upper  and  posterior  part  of  the  ilio 
Bciatic  notch.  The  surface  between  this  line  and  the  preceding  furnishes  an  exWu- 
sive  origin  for  the  gluteus  mininius  muscle.  The  posterior  or  saperior  curred  liii« 
(linea  gluttea  posterior)  leaves  the  iliac  crest  about  two  and  a  half  inches  in  Iro"' 
of  the  posterior  superior  iliac  spine,  and  bends  downwards  and  slightly  forwards  in 
a  direction  anterior  to  the  posterior  inferior  spine.  The  area  between  this  and  the 
nuddle  curved  line  is  for  the  origin  of  the  gluteus  medius  muscle,  whilst  the  rough 
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surface  immediately  above  and  behind  it  is  for  some  of  the  fibres  of  origin  of  the 
<^luteus  maximus  muscle. 

The  inner  surface  of  the  ilium  is  divided  into  two  areas  which  present  very 
characteriBtic  ditterences.  The  posterior  or  sacral  part,  which  is  rough,  displays  in 
front  a  somewhat  smooth,  auricular  surface  (facies  auricularis)  which  is  cartilage- 
cijated  in  the  recent  condition,  and  articulates  with  the  sacrum.  Above  and  behind 
this  there  is  an  elevated  irregular  area,  the  tuberosity  (tuberositas  iliaca),  which  is 
here  and  there  .deeply  pitted  for  the  attachment  of  the  strong  posterior  sacro-iliac 
ligaments.  Above  this  the  bone  becomes  confluent  with  the  inner  lip  of  the  iliac 
crest,  and  here  it  aflFords  an  origin  to  the  erector  spinaa  and  multifidus  spinas 
uiuscles.  The  anterior  part  of  the  inner  aspect  of  the  bone  is  smooth  and  exten- 
sive; it  is  subdivided  by  an  oblique  ridge,  called  the  ilio -pectineal  line  (linea 
arcuata),  which  passes  forwards  and  downwards  from  the  most  prominent  point  of 
the  auricular  surface  towards  the  inner  side  of  the  ilio-pectineal  eminence  which 
is  placed  just  above  and  in  front  of  the  acetabulum,  and  marks  the  fusion  of  the 
ilium  with  the  pubis.  Above  this  the  bone  forms  the  shallow  iliac  fossa  (fossa 
iliaca),  from  the  floor  of  which  the  iliacus  muscle  arises,  whilst  leading  from  the 
fossa,  below  and  in  front,  there  is  a  shallow  furrow,  passing  over  the  superior 
acetabular  margin,  between  the  anterior  inferior  iliac  spine  on  the  outer  side  and 
the  ilio-pectineal  eminence  internally,  for  the  lodgment  of  the  tendinous  and  fleshy 
part  of  the  ilio-psoas  muscle.  If  held  up  to  the  light  the  floor  of  the  deepest  part 
of  the  iliac  fossa  will  be  seen  to  be  formed  of  but  a  thin  layer  of  bone.  A  nutrient 
foramen  of  large  size  is  seen  piercing  the  bone  towards  the  hinder  part  of  the 
fossa.  Below  and  behind  the  ilio-pectineal  line  the  inner  surface  of  the  ilium 
forms  a  small  portion  of  the  wall  of  the  true  pelvis ;  the  bone  here  is  smooth,  and 
rounded  off  posteriorly  into  the  ilio-sciatic  notch,  where  it  becomes  confluent  with 
the  inner  aspect  of  the  ischium.  Just  anterior  to  the  ilio-sciatic  notch  there  are 
usually  the  openings  of  one  or  two  large  vascular  foramina.  From  this  surface 
arise  some  of  the  posterior  fibres  of  the  obturator  intemus  muscle. 

The  ischium  constitutes  the  lower  and  hinder  part  of  the  innominate  bone. 
Superiorly  its  body  (corpus)  forms  somewhat  more  than  the  inferior  two-fifths  of 
the  acetabulum  together  with  the  bone  supporting  it  behind  and  within.  Below 
this,  the  superior  ramus  passes  downwards  and  backwards  as  a  stout  three-sided 
piece  of  bone,  from  the  inferior  extremity  of  which  a  compressed  bar  of  bone,  called 
the  inferior  ramus,  extends  forwards  at  an  acute  angle.  This  latter  unites  in  front 
and  above  with  the  descending  ramus  of  the  pubis,  and  encloses  the  aperture  called 
the  obturator  foramen. 

Superiorly,  and  on  the  outer  aspect  of  the  ischium,  the  acetabular  surface  is 
separated  from  the  bone  below  by  a  sharp  and  prominent  margin,  which  is, 
however,  deficient  in  front,  where  it  corresponds  to  the  cotyloid  notch  (incisura 
acetabuli)  leading  into  the  articular  hollow;  the  floor  of  this  notch  is  entirely 
formed  by  the  ischium.  Below  the  prominent  acetabular  margin  there  is  a  well- 
marked  groove  in  which  the  tendon  of  the  obturator  externus  lies.  Beneath  this 
the  antero-external  surface  of  the  superior  and  interior  rami  furnish  surfaces  for  the 
attachments  of  the  obturator  externus,  quadratus  femoris,  and  adductor  magnus 
muscles.  The  postero-extemal  surface  of  the  ischium  forms  the  convex  surface  on 
the  back  of  the  acetabulum.  The  inner  border  of  this  is  sharp  and  well  defined, 
and  is  confluent  above  with  the  border  of  the  ilium,  which  sweeps  round  the  great 
or  ilio-sciatic  notch.  From  this  border,  on  a  level  with  the  lower  edge  of  the 
acetabulum,  there  springs  a  pointed  process,  the  spine  (spina  ischiadica),  to  which  is 
attached  the  lesser  sacro-sciatic  ligament  and  the  superior  gemellus  muscle.  Inferior 
to  this,  the  postero-external  surface  narrows  rapidly,  its  inner  border  just  below  the 
spiue  being  hollowed  out  to  form  the  small  sciatic  notch  (incisura  ischiadica  minor). 
The  lower  part  of  this  surface  and  the  angle  formed  by  the  two  rami  are  capped  by 
an  irregularly  rough  pyriform  mass  called  the  tuberosity  (tuber  ischii).  This  is 
divided  by  an  oblique  ridge  into  two  areas,  the  upper  and  outer  for  the  tendon  of 
origin  of  the  semimembranosus  muscle,  the  lower  and  inner  for  the  conjoined  heads 
of  the  biceps  and  semitendinosus  muscles.  Its  prominent  inner  lip  serves  for  the 
attachment  of  the  great  sacro-sciatic  ligament,  whilst  its  outer  edge  furnishes  an 
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origin  for  the  quadratus  femoris  muscle ;  in  front  and  below,  the  adductor  magnus 
muscle  is  attached  to  it. 

The  inner  surface  of  the  body  and  superior  ramus  of  the  ischium  form  in  part 
the  wall  of  the  true  pelvis.  Smooth  and  slightly  concave  from  before  backwards, 
and  nearly  plane  from  above  downwards,  it  is  widest  opposite  the  level  of  the  ischial 
spine.  Below  this,  its  posterior  edge  is  rounded  and  forms  a  groove  leading  to  the 
small  sciatic  notch,  along  and  over  which  the  tendon  of  the  obturator  intemus 
passes.  To  part  of  this  surface  the  fibres  of  the  obturator  intemus  are  attached, 
whilst  the  inner  aspect  of  the  spine  supplies  points  of  origin  for  the  coccygeus  and 
levator  ani  muscles,  as  well  as  furnishing  an  attachment  to  the  "  white  line  "  of  the 
pelvic  fascia.  The  inner  surface  of  the  inferior  ramus  of  the  ischium  is  smooth, 
and  so  rounded  that  its  inferior  edge  tends  to  be  everted.  To  this,  as  well  as  to  its 
margin,  is  attached  the  crus  penis,  together  with  the  ischio-cavernosus,  obturator 
intemus,  transversus  perinei,  and  compressor  urethras  muscles.  In  the  female, 
structures  in  correspondence  with  these  are  also  found. 

The  fore-part  of  the  innominate  bone  is  formed  by  the  pubis ;  it  is  by  means  of 
the  union  of  this  bone  with  its  fellow  of  the  opposite  side  that  the  pelvic  girdle  is 
completed  in  front. 

The  pubis  (os  pubis)  consists  of  two  rami — a  saperior,  ascending,  or  horizontal 
(ramus  superior  ossis  pubis),  and  an  inferior  or  descending  (ramus  inferior  ossis  pubis). 
The  broad  part  of  the  bone  formed  by  the  fusion  of  the-se  two  rami  is  the  body. 

The  body  is  sometimes  described  as  that  part  of  the  bone  which  enters  into  the 
formation  of  the  acetabuhim,  but  the  English  nomenclature  has  here  been  followed. 

The  body  of  the  pubis  has  two  surfaces.     Of  these  the  inner  or  posterior  is 
smooth,  and  forms  the  fore-part  of  the  wall  of  the  true  pelvis ;  hereto  are  attached 
the  levator  ani  muscle  and   puboprostatic  ligaments.     The  anterior  or  external 
surface  is  rougher,  and  furnishes  origins  for  the  gracilis,  adductor  longus,  adductor 
brevis,  and  some  of  the  fibres  of  the  obturator  extemus  muscles.     The  inner  border 
is  provided   with    an   elongated    oval    cartilage -covered    surface    by   means  of 
which   it  is   united   to  its   fellow  of  the  opposite  side,  the  joint  being  called 
the  symphysis  pubis.     The  upper  harder,  thick  and  rounded,  projects  somewhat,  so 
as  to  overhang  the  anterior  surface.     It  is  called  the  crest.     Internally  this  forms 
with  the  inner  border  or  symphysis  the  angle,  whilst  externally  it  terminates  in  a 
pointed  process,  the  spine  (tuberculum  pubicum).     From  the  crest  arise  the  rectus 
abdominis  and  pyramidalis  muscles,  and  to  the  spine  is  attached  the  inner  end  of 
Poupart's  ligament.     Passing  upwards  and  outwards  from  the  outer  side  of  the 
body  towards  the  acetabulum,  of  which  it  forms  about  the  anterior  fifth,  is  the 
superior  ramus  (ramus  superior).     This  has  three  surfaces  :  an  antero-superior,  an 
an tero- inferior,   and  an   internal  or  posterior.     The    antero-superior  sv/rfa^e  is 
triangular  in  form.     Its  apex  corresponds  to  the  pubic  spine ;  its  anterior  inferior 
border  to  the  obturator  crest  (crista  obturatoria),  leading  from  the  spine  to  the 
upper  border  of  the  cotyloid  notch  ;  whilst  its  sharp  postero-superior  border  trends 
upwards  and  outwards  from  the  spine,  and  is  continuous  with  the  iliac  portion  of 
the  ilio-pectineal  line  just  internal  to  the  ilio-pectineal  eminence,  forming  as  iC 
passes  along  the  superior  ramus  the  pubic  portion  of  that  same  line  (pecten  ossis 
pubis).     On  this  line,  just  within  the  ilio-pectineal  eminence,  there  is  often  a  short, 
sharp  crest  which  marks  the  insertion  of  the  psoas  parvus.      The  base  of  the 
triangle  corresponds  to  the  ilio-pectineal  eminence  above  and  the  upper  margin  of 
the  cotyloid  notch  below.     Slightly  hollow  from  side  to  side,  and  convex  from 
before  backwards,  this  surface  provides  an  origin  for,  and  is  in  part  overlain  by,  the 
pectineus  muscle.     The  internal  or  posterior  surface  of  the  superior  ramus  is  smooth, 
concave  from  side  to  side,  and  slightly  rounded  from  above  downwards ;   by  its 
sharp  inferior  curved  border  it  completes  the  thyroid  foramen,  as  seen  from  behind 
The  antero-inferior  surface  forms  the  roof  of  the  broad  obturator  groove  (sulcus 
obturatorius)  which  passes  obliquely  downwards  and  forwards  between  the  lower 
margin  of  the  antero-superior  surface  in  front  and  the  inferior  sharp  border  of  the 
internal  surface  behind.     The  inferior  or  descending  ramus  of  the  pubis  (ramus 
inferior)  passes  downwards    and  outwards   from  the  lower  part   of  the  body. 
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Flattened  and  compressed,  it  unites  with  the  inferior  ramus  of  the  ischium,  and 
thus  encloses  the  thyroid  foramen,  whilst  in  correspondence  with  its  fellow  of 
the  opposite  side  it  completes  the  formation  of  the  pubic  ai-ch.  Anteriorly  it 
furnishes  origins  for  the  gracilis,  adductor  brevis,  and  adductor  magnus  muscles, 
as  well  as  some  of  the  fibres  of  the  obturator  externus  muscle.  Its  inner  surface 
is  smooth,  whilst  its  lower  border,  rounded  or  more  or  less  everted,  has  attached  to 
.it  the  fore-part  of  the  crus  penis  and  the  subpubic  ligament. 

The  acetabolnm  or  cotyloid  cavity  is  the  nearly  circular  hollow  in  which  the 
head  of  the  thigh  bone  fits.  As  has  been  already  stated,  it  is  formed  by  the  fusion 
of  the  ilium  and  ischium  and  pubis  in  the  following  proportions :  the  ilium  a  little 
less  than  two-fifths,  the  ischium  somewhat  more  than  two- fifths,  the  pubis  con- 
stituting the  remaining  one-fifth.  It  is  so  placed  as  to  be  directed  downwards, 
outwards,  and  forwards,  and  is  surrounded  by  a  prominent  margin,  to  which  the 
capsule  and  cotyloid  ligament  of  the  hip -joint  are  attached.  Opposite  the 
obturator  foramen  this  margin  is  interrupted  by  the  cotyloid  notch  (incisura 
acetabuU);  immediately  external  to  the  iUo- pectineal  eminence  the  margin  is 
slightly  hollowed,  whilst  occasionally  there  is  a  feeble  notching  of  the  border 
above  and  behind.  These  irregularities  in  the  outline  of  the  margin  correspond  to 
the  lines  of  fusion  of  the  ilium  and  pubis,  and  the  ilium  and  ischium  respectively. 
The  floor  of  the  acetabulum  is  furnished  with  a  horseshoe-shaped  articular  surface, 
which  lines  the  circumference  of  the  hollow,  except  in  front,  where  it  is  interrupted 
by  the  cotyloid  notch.  It  is  broad  above ;  narrower  in  front  and  below.  Within 
this  articular  surface  there  is  a  more  or  less  circular  rough  area  (fossa  acetabuli) 
continuous  in  front  and  below  with  the  floor  of  the  cotyloid  notch.  This,  some- 
what depressed  below  the  surface  of  the  articular  area,  lodges  a  quantity  of  fat, 
and  provides  accommodation  for  the  interarticular  ligament  of  the  joint.  As  may 
lie  seen  by  holding  the  bone  up  to  the  Kght,  the  floor  of  this  part  of  the  acetabulum 
is  not  usually  of  great  thickness.  The  major  part  of  the  non-articular  area  is 
formed  by  the  ischium,  which  also  forms  the  floor  of  the  cotyloid  notch. 

The  thyroid  or  obturator  foramen  (foramen  obturatum)  lies  in  front  of, 
l)elow,  and  internal  to  the  acetabulum.  The  margins  of  this  opening,  which  are 
formed  in  front  and  above  by  the  pubis,  and  behind  and  below  by  the  ischium,  are 
sharp  and  thin,  except  above,  where  the  under  surface  of  the  superior  ramus  of  the 
pubis  is  channelled  by  the  obturator  groove.  Below,  and  on  either  side  of  this 
groove,  two  tubercles  can  usually  be  seen.  The  one,  situated  on  the  edge  of  the 
ischium,  just  in  front  of  the  cotyloid  notch,  is  named  the  posterior  obturator 
taberde  (tuberculum  obturatorium  posterius) ;  the'  other,  placed  on  the  lower 
l)order  of  the  inner  surface  of  the  superior  ramus  of  the  pubis,  is  called  the 
anterior  obturator  tubercle  (tuberculum  obturatorium  anterius).  Between  these 
two  tubercles  there  passes  a  ligamentous  band,  which  converts  the  groove  into  a 
canal  along  which  the  obturator  vessels  and  nerve  pass.  Elsewhere  in  the  fresh 
condition  the  obturator  or  thyroid  membrane  stretches  across  the  opening  from 
margin  to  margin.  The  form  of  the  foramen  varies  much,  being  oval  in  some 
specimens,  in  others  more  nearly  triangular ;  its  relative  width  in  the  female  is 
greater  than  the  male. 

Nntrient  foramina  for  the  ilium  are  seen  on  the  floor  of  the  iliac  fossa,  just  in  front  of  the 
Aacro-auiicular  surface  ;  on  the  pelvic  aspect  of  the  bone,  close  to  the  great  sciatic  notch  ;  and  on 
the  gluteal  surfeice  externally,  near  the  centre  of  the  middle  curved  Hne.  For  the  ischium,  on  ite 
I>elvic  surface,  and  also  externally  on  the  groove  below  the  acetabulum.  For  the  pubis,  on  the 
surface  of  the  body,  and  deeply  also  from  the  acetabular  fossa. 

OonnezionB. — The  innominate  bone  articulates  with  the  sacrum  behind,  with  the  femur  to 
the  outer  side  and  below,  and  with  its  fellow  of  the  opposite  side  internally  and  in  front  Each 
of  its  three  parts  comes  into  direct  relation  with  the  surface.  Above,  the  iliac  crest  assists  in 
forming  the  iliac  furrow,  which  serves  to  separate  the  region  of  the  flank  from  that  of  the 
buttock.  In  front,  the  anterior  superior  ihac  spine  forms  a  definite  landmark  ;  whilst  behind, 
the  posterior  superior  iliac  spines  will  be  found  to  correspond  with  dimples  situated  on 
either  side  of  the  middle  line  of  the  root  of  the  back.  The  symphysis,  the  crest,  and  spine  of  the 
pubis  can  all  be  distinguished  in  front,  though  overlain  by  a  considerable  quantity  of  fat, 
whilst  the  position  of  the  tuberosities  of  the  ischia,  when  uncovei'ed  by  the  great  gluteal 
muscles  in  tne  flexed  position  of  the  thigh,  can  readily  be  ascertained.  In  the  perineal  region 
the  outhne  of  the  pubic  and  ischial  rami  can  easily  be  determined  by  digital  examination. 
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Arcllitectnre. — Ab  a  flat  bone  the  oe  innouiuatuni  cousitilA  uf  spongy  tissue   between  tvn 

compaut  external  layers.  These  latter  vary  much  in  thickness,  being  exceptionally  stout  alaag 
the  ilio-pectiiial  line  and  the  floor  of  the  iliac  fossa  imninliattily  above  it.  The  gluteal  aapecl 
of  tlie  ilium  is  also  formed  by  a  layer  of  considerable  thickneas.  The  spongy  tissue  is  looet  and 
cellular  in  the  thick  part  of  the  ilium  and  in  the  body  of  the  ischium  ;  absent  where  the  floor  of 
the  iliac  foBsa  is  formed  by  the  coalescence  of  the  thin  dense  uonfining  layers ;  fine  grained  and 


mpact  in  tlie  tubeiosity  of  the  ischium,  the  iliac  crest,  and  the  floor  of  the  aceiabiUuni. 
h  lattur  situation  it  is  alriated  by  fibres  which  are  directed  radially  to  the  surface  of  thii 
hollow,  these  again  being  croeaed  at  right  angles  by  others  whieU  are  arranged  circuniferentialli. 


This  spongy  tissue  forms  a  more  compact  layer  over  the  surface  of  the  upper  and  back  p 
the  acetabular  articular  area.     The  bottom  of  the  floor  of  the  acetabulum  varies  in  thicknew ;  m 
most  cases  it  is  thin,  and  in  exceptional  instances  the  bone  is  here  deficient.     The  same  cunditiou 
has  been  met  with  in  the  iliac  fossa,  where  ab»orption  of  the  tbiu  bony  plate  has  taken  place 

Tailatioiu.— Some  of  the  anomalies  met  with  in  the  haunch  bone  are  due  to  oasification  of 
the  ligaments  connected  with  it ;  in  other  cases  they  depend  on  errors  of  development  Failure  of 
union  between  the  pubio  and  iichial  rami  has  also  been  recorded.  Cases  have  occurred  where  the 
obturator  groove  has  beeu  bridged  across  by  bone,  and  one  case  u  noted  of  abeence  of  the  cotyloid 
notch  uu  tlie  acetabular  margin.  In  rare  cases  the  aa  acetabuli  (see  Ossification)  remains  u  a 
separate  bone. 

Ossification  commences  in  the  ilium  about  the  ninth  week  of  intrauteriue  life: 
about  the  fourth  mouth  a  centre  appears  below  the  acetabulum  for  the  ischium,  the  pubin 

being  developed  from  s 

centre  which  appears  in 

UKi^mi'utand  front  of  the  acetabulum 

DLottoiiiiKB  about  the  fifth  or  aiitli 

month.      At    birth    the 
form  of  the  ilium  ia  well 
defined ;    the    body  and 
part  of  the  tuberosity  of 
the  ischium  are  ossified, 
t       as  well  as  the  horizoul^l 
"       ramuaaud  partof  thebodj 
of  the  pubis.     All  thrct 
t        partseuter  into  the  forma- 
tion of  the  sidea  of  the 
acetttbulum,  and  hy  the 
third  year  have  couvei^ 
to  form  the  bottom  of  that 
hollow,    being    separated 
ithm"i^tii      ti'm't  ^^™  ^"^  other  by  a  tri- 

'"*  AppB.™  radiate  piece  of  cartilage, 

j™™;  '"      in  which,  aboutthetweKth 

"'  *™''  yfisi'i  independent  ossific 

At  Birth.  About  12  or  13  years.  centres    make    their   ap 

FiQ.  185.— OssiFioiTioB  OP  TBB  iNNOMiHiTi  BoHB.  pcarauce,  which   may  or 

may  not  become  fused 
with  the  adjacent  bones.  In  the  latter  case  they  unite  to  form  an  independent  ossicle,  the 
OS  acetabuli,  which  subsequently  fuses  with  and  forms  the  acetabular  part  of  the  pubis. 
By  the  age  of  sixteen  the  ossification  of  the  acetabulum  is  usually  completed,  whilst 
the  rami  of  the  ischium  and  pubis  commonly  unite  about  the  tenth  year.  Secondary 
centres,  six  in  number,  make  their  appearance  about  the  age  of  puberty,  and  are  found  in 
the  following  situations  :  one  for  the  anterior  inferior  iliac  spine,  one  for  the  iliac  crest  and 
the  anterior  and  posterior  superior  iliac  spines,  a  scale -like  epipiiysis  over  the  tuberoeitvof 
the  ischium,  a  separate  epiphysis  for  the  spine  of  the  ischium,  (?)  a  point  for  the  sp'ine 
and  another  for  the  angle  of  the  pubis.  Fusion  between  these  and  the  primary  centrea 
is  usually  complete  between  the  twenty-second  and  twenty-fifth  years. 

Parsons  {Joum.  Anat.  and  Pkynol.,  vol.  xixvii.  p.  315)  regards  the  ischial  epiphysis  »s 
the  bomologue  of  tlie  hypo-ischium  in  reptiles,  and  suggesta  that  the  epiphysis  over  the 
angle  of  the  pubis  may  represent  the  epipubic  bone  of  marsupials. 


The  pelvis  ia  formed  by  the  union  of  the  innominate  bouea  with  each  other  in 
front,   and   with   the   sacrum    behind.      In   man   the   dwarfed  caudal    vertebne 
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fcoccygeal)  are  curved  forwards  and  bo  encroach  upon  the  limits  of  the  pelvic 
cavity  inferiorly.  The  pelvis  is  divided  into  two  parts  by  the  ilio-pectineal  lines, 
\vhich  curve  forwards  from  the  upper  part  of  the  lateral  maaaea  of  the  sacrum 
behind,  to  the  roote  of  the  spines  of  the  pubes  in  front.  The  part  above  is  called 
the  false  palvu  (pelvis  niajor),  and  serves  by  the  expanded  iliac  fossie  to  support  the 


alidominal  contents;  the  part  below,  the  tme  pelvis  (jNdvis  minor)  contains  the 
pelvic  viscera,  and  in  the  female  forms  the  bony  canal  through  which,  at  full  term, 
the  fcBtus  is  expelled. 

The  true  pelviB  is  bounded  in  front  by  tlie  symphysis  pubis  in  the  middle  line, 
and  by  the  body  and  rami  of  the  pubis  on  either  side,  laterally  by  the  smooth  inner 
surfaces  of  the  ischia  and  ischial  rami,  together  with  a  small  part  of  the  ilium 


Fio,  167.— FiMiU  Pklvis 


below  the  Ciac  portion  of  the  ilio-pectineal  line.  Springing  from  the  posterior 
margin  of  the  ischium  are  the  intnrned  ischial  spines.  Behind,  the  broad  curved 
anterior  surface  of  the  sacrum,  and  below  it,  the  small  and  irregular  coccyx,  form 
its  posterior  walL  Between  the  sides  of  the  sacrum  U'bind,  and  the  ischium  and 
ilium  in  front  and  above,  there  is  a  wide  interval,  culled  the  aacro-BCiatic  notdi, 


222  OSTEOLOGY. 

which  is,  however,  bridged  across  in  the  recent  condition  by  the  great  and  small 
sacro-sciatic  ligaments,  which  thus  convert  it  into  two  foramina,  the  larger  above 
the  spine  of  the  ischium — the  great  sacro-sciatic  foramen,  the  lower  and  smaller 
below  the  spine,  called  the  small  sacro-sciatic  foramen. 

The  inlet  (apertura  pelvis  superior)  of  the  pelvis  is  bounded  in  front  by  the 
symphysis  pubis,  with  the  body  of  the  pubis  on  either  side ;  laterally  by  the  ilio- 
pectineal  lines ;  and  behind  by  the  sacral  prominence.  The  circumference  of  this 
aperture  is  often  called  the  brim  of  the  pelvis ;  in  the  male  its  shape  is  cordate,  in 
the  female  more  oval.  The  antero-posterior  or  conjugate  diameter  is  measured  from 
the  sacro- vertebral  angle  to  the  symphysis  pubis ;  the  oblique  diameter  from  the 
sacro-iliac  joint  of  one  side  to  the  ilio-pectineal  eminence  of  the  other ;  whilst  the 
transverse  diameter  is  taken  across  the  point  of  greatest  width. 

The  outlet  (apertura  pelvis  inferior)  is  bounded  anteriorly  by  the  pubic  arch 
(arcus  pubis),  formed  in  front  and  above  by  the  bodies  of  the  pubis,  with  the 
symphysis  between  them,  and  the  inferior  pubic  rami  below  and  on  either  side. 
These  latter  are  continuous  with  the  ischial  rami  which  pass  backwards  and 
outwards  to  the  ischial  tuberosities,  which  are  placed  on  either  side  of  this  aperture. 
In  the  middle  line  and  behind,  the  tip  of  the  coccyx  projects  forward,  and  in  the 
recent  condition  the  interval  between  this  and  the  ischial  tuberosities  is  bridged 
across  by  the  great  sacro-sciatic  ligament,  the  inferior  edge  of  which  necessarily 
assists  in  determining  the  shape  of  the  outlet. 

As  the  anterior  wall  of  the  cavity,  formed  by  the  symphysis  pubis,  measures 
from  1^  to  2  inches,  whilst  the  posterior  wall,  made  up  of  the  sacrum  and  coccyx,  is 
from  5  to  6  inches  in  length,  it  follows  that  the  planes  of  the  inlet  and  outlet  are 
not  parallel,  but  placed  at  an  angle  to  each  other.  The  term  axis  of  the  pelvis  is 
given  to  lines  drawn  at  right  angles  to  the  centre  of  these  planes.  Thus,  with  the 
pelvis  in  its  true  position,  when  the  figure  is  erect,  the  axis  of  the  inlet  corresponds 
to  a  line  drawn  downwards  and  backwards  from  the  umbiUcus  towards  the  tip  of 
the  coccyx  below,  whilst  the  axis  of  the  outlet  is  directed  downwards  and  slightly 
backwards,  or  downwards  and  a  little  forwards,  varying  according  to  the  length  of 
the  coccyx.  Between  these  two  planes  the  axis  of  the  cavity,  as  it  passes  through 
planes  of  varying  degrees  of  obliquity,  describes  a  curve  repeating  pretty  closely  the 
curve  of  the  sacrum  and  coccyx. 

Position  of  the  Pelvis — The  position  of  the  pelvis  in  the  living  when  the  figure  is 
erect  may  be  approximately  represented  by  placing  it  so  that  the  anterior  superior  iliac 
spines  and  the  symphysis  pubis  lie  in  the  same  vertical  plane.  Under  these  conditions 
the  plane  of  the  inlet  is  oblique,  and  forms  with  a  horizontal  line  an  angle  of  from  50°  to 
60".  The  position  of  the  pelvis  depends  upon  the  length  of  the  ilio-femoral  ligaments  of 
the  hip-joint,  being  more  oblique  when  these  are  short,  as  usually  happens  in  women  in 
whom  the  anterior  superior  iliac  spines  tend  to  lie  in  a  plane  slightly  in  advance  of  that 
occupied  by  the  symphysis  pubis.  In  cases  where  the  ilio-femoral  ligament  is  long,  a 
greater  amount  of  extension  of  the  hip-joint  is  permitted,  and  this  leads  to  a  lessening  of 
the  obliquity  of  the  pelvis.  This  condition,  which  is  more  typical  of  men,  results  in  the 
anterior  superior  iliac  spines  lying  in  a  plane  slightly  posterior  to  the  plane  of  the  sym- 
physis, whilst  the  angle  formed  by  the  plane  of  the  inlet  and  tiie  horizontal  is  thereby 
reduced.  Bearing  in  mind  the  oblique  position  of  the  pelvis,  it  will  now  be  seen  that  the 
front  of  the  sacrum  is  directed  downwards  more  than  forwards,  and  that  the  sacral  pro- 
montory is  raised  as  much  as  from  3  J  to  4  inches  above  the  upper  border  of  the  symphysis 
pubis,  lying  higher  than  the  level  of  a  line  connecting  the  two  anterior  superior  iliac  spines. 
From  the  manner  in  which  the  sacrum  articulates  with  the  ilia,  it  will  be  noticed  that  the 
weight  of  the  trunk  is  transmitted  downwards  through  the  thickest  and  strongest  part  of 
the  bone  (see  Architecture)  to  the  upper  part  of  the  acetabula,  where  these  rest  ou  the 
heads  of  the  femora. 

Sexual  DifTerences. — The  female  pelvis  is  lighter  in  its  construction  than  that  of 
the  male ;  its  surfaces  are  smoother,  and  the  indications  of  muscular  attachments  less 
marked.  Its  height  is  less  and  the  splay  of  its  walls  not  so  pronounced  as  in  the  male, 
so  that  the  female  pelvis  has  been  well  described  as  a  short  segment  of  a  long  cone  as 
contrasted  with  the  male  pelvis,  which  is  a  long  segment  of  a  short  cone.  The  cavity  of 
the  true  pelvis  in  the  female  is  more  roomy,  and  the  ischial  spines  not  so  much  intiinied. 
The  pubic  arch  is  wide  and  rounded,  and  will  usually  admit  a  right-angled-set  square 
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being  placed  within,  so  that  the  summit  touches  the  under  surface  of  the  symphysis  pubis, 
whilst  the  sides  lie  in  contact  with  the  ischial  rami.  In  the  male  the  arch  is  narrow  and 
angular,  forming  an  angle  of  from  65**  to  70\  The  sacro-sciatic  notch  in  the  female  is 
wide  and  shallow.  The  distance  from  the  posterior  edge  of  the  body  of  the  ischium  to  the 
poj*terior  inferior  iliac  spine  is  longer,  measuring  on  an  average  50  mm.  (2  inches)  in  the 
female,  as  contrasted  with  40  mm.  (If  inches)  in  the  male. 

The  inlet  in  the  female  is  large  and  oval  or  reniform,  as  compared  with  the  cribbed  and 
heart-shaped  aperture  in  the  male.  The  sacro-vertebral  angle  is  more  pronounced  in  the 
female,  and  the  obliquity  of  the  inlet  greater.  The  sacrum  is  shorter  and  wider.  The 
posterior  superior  iliac  spines  lie  wider  apart ;  the  pubic  crests  are  longer ;  and  the  pubic 
spines  are  separated  by  a  greater  interval  than  in  man.  The  outlet  is  larger ;  the  tubero- 
sities of  the  ischia  are  farther  apart ;  and  the  coccyx  does  not  project  forward  so  much. 
The  curve  of  the  sacrum  is  liable  to  very  great  individual  variation.  As  a  rule  the  curve 
is  more  uniform  in  the  male,  whilst  in  the  female  it  tends  to  be  flatter  above  and  more 
accentuated  below.  There  is  a  greater  proportionate  width  between  the  acetabular 
hollows  in  the  female  than  in  the  male.  Of  much  importance  from  the  standpoint  of  the 
obstetrician  are  the  various  diameters  of  the  true  pelvis.  In  regaixi  to  this  it  is  worthy 
of  note  that  the  plane  of  "  greatest  pelvic  expansion  "  extends  from  the  union  between  the 
second  and  third  sacral  vertebne  behind,  to  the  middle  of  the  symphysis  pubis  in  front, 
its  lateral  boundaries  on  either  side  corresponding  with  the  mid-point  of  the  inner  surface 
of  the  acetabulum  ;  whilst  the  plane  of  "least  pelvic  diameter"  lies  somewhat  lower,  and 
is  defined  by  lines  passing  through  the  sacro-coccygeal  articulation,  the  ischial  spines, 
and  the  lower  third  of  the  symphysis  pubis  (Norris).  Subjoined  is  a  table  showing  the 
principal  average  measurements  in  the  two  sexes  : — 


Maximum  distance  between  the  iliac  crests 
Distance  between  the  anterior  superior  iliac 

spines 
Distance  between  the  last  lumbar  spine  and 

the  front  of  the  symphysis  pubis 


Males. 


llj  in.,  or  282  mm. 
9^  in.,  or  240  mm. 


Females. 


lOj  in.,  or  273  mm. 
9|  in.,  or  260  mm. 


7  in.,  or  176  mm.  7 J  in.,  or  180  mm. 


True  Pelvis. 


Males. 


Antero-posterior  (conju- 
gate) diameter 
Oblique  diameter  . 

Transverse  diameter 


I 


101  mm. 
4|   in.,  or 

120  mm. 
6    in.,    or 

127  mm. 


Outlet 


Inlet 


in.,  or 
95  mm. 
3h  in.,   or  - 

88  mm.    I 


4§  in.,  or 
110  mm. 

5  in.,  or 
125  mm. 


in.,  or 


88  mm. 


H 


in.,  or 


135  mm. 


Females. 


Cavity. 


Greatest. 


Least. 


5 


in.,    or  4f  in.,  or 
127  mm.       110  mm. 


4J  in.,  or 
125  mm. 


4| 


iiL,  or 


110  mm. 


Outlet 


4J  in.,  or 
115  mm. 


4J 


in.,  or 


115  mm. 


4f 


in.,  or 


110  mm. 


Growth  of  the  PelviB. — From  the  close  association  of  the  pelvic  girdle  with  the  lower  limb 
we  find  that  its  gi'owth  takes  place  concurrently  with  the  development  of  that  member.  At 
birth  the  lower  limbs  measure  but  a  fourth  of  the  entire  body  length  ;  consequently  at  that  time 
the  pelWs,  as  compared  with  the  head  and  trunk,  is  relatively  small  At  this  period  of  life  the 
bladder  in  both  sexes  is  in  greater  part  an  abdominal  organ,  whilst  in  the  female  the  uterus  has 
not  yet  sunk  into  the  true  pelvic  cavity,  and  the  ovaries  and  Fallopian  tubes  rest  in  the  iliac 
fo^ie.  The  sacro-vertebral  angle,  though  readily  reco^ised,  is  as  yet  but  faintly  marked. 
Coincident  with  the  remarkable  growth  of  the  lower  limbs  and  the  assumption  of  the  erect 
pcisitiou  when  the  child  begins  to  walk,  striking  changes  take  place  in  the  form  and  size  of  the 
pelvis.  These  consist  in  a  greater  expansion  of  the  iliac  bones  necessarily  associated  with  the 
growth  of  the  muscles  whicii  control  trie  movements  of  the  hip,  together  with  a  marked  increase 
m  the  sacro-vertebral  angle  due  to  the  development  of  a  forward  lumbar  curve  ;  at  the  same  time, 
the  weight  of  the  trunk  being  thrown  on  the  sacrum  causes  the  elements  of  that  l)one  to  sink  to 
a  lower  level  between  the  innominate  bones.  The  cavity  of  the  true  pelvis  increases  in  size 
proprtionally,  and  the  viscera  afore-mentioned  now  begin  to  sink  down  and  have  assumed  a 
position  within  the  pelvis  by  the  fifth  or  sixth  year.     The  extension  of  the  thighs  in  the 
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upright  position  neceaaarily  brings  about  a  more  pronounced  pelvic  obliquity,  whilst  the  atoutnesi 

and  thickness  of  the  ilium  over  the  npper  part  of  the  acetabulum  is  much  increased  to  withflUDd 

the  pressure  to  which  it  ia  obviously  BubJKlol 

Hkad     i.i™Tsi«»  Coincident  with  this  is  the  gradual  developmmi 

1  /  of  the  iliac  portion  of  the  iiio- pectineal  linr, 

:rA'es  in  the  adult  to  sejiarate  sharply 

from  the  true  pelvis.     This  part  of  ilit 

remarkably  strong,  as  has  been  tbora 

hitecture),  and  serves  to  transmit  tlie 

Ight  from  the  sacrum  to  the  thigh  boD«. 

iial  differences  of  the  pelvis,  so  far  a.- 

Qm.T  ii  to  the  general  configuration  of  ihi- 

TBocHAtrTER  tlig  gkelelou,  BTO  ss  pTonotinced  at  the 

fourth  month  of  fcetal  life  as  ther  »n 

adult   (Fehhng,  Ztiehr.   /.   Geburttk  «. 

Bd.  ix.  and  i.  ;   A.   Thotndon,  Jimn 

BriiuLi,L[««  "*  Phyaiol    voL  xxxiiL   p.    359).     The 

api)earance  of  the  male  type  is  tur- 
ffith  the  more  powerful   muscular  dr- 

Dt 

The  Femur. 

femur  or  thigh  bone  is  remark- 
its  length,  being  the  longest  bone 
body.  Superiorly  the  femora  are 
ed  by  the  width  of  the  pelvis, 
riy  they  articulate  with  the  libiii^ 
tellse.  In  the  military  position 
tioD,  with  the  knees  close  together, 
.fts  of  the  thigh  boneti  occupy  an 
position.  For  descriptive  purposes 
le  is  divided  into  an  upper  ei- 
,  comprisiDg  the  head,  neck,  and 
tcbanters ;  a  sluift ;  and  a  lower 
by,  forming  the  expansions  known 
londyles. 

head  {caput  femorie)  is  the  hemi- 
il  articular  surface  which,  when 
ffitb  cartilage,  fits  into  the  acets- 
)lIow.  Its  pole  ia  directed  upwards 
vards  and  aUghtly  forwards.  A 
elow  the  summit,  and  usual  1}' 
lat  behind  it,  is  a  hollow  oval  pit 
apitis  femoris)  for  the  attachment 
ligamentum  terea  The  circum- 
of  the  head  forms  a  lip  with  a 
atline,  more  prominent  above  nad 
than  in  front.  The  head  is  sup- 
jy  a,  stout  compressed  bar  of  bone, 
the  neok  (collum  fern- 
AncntTUM  oris),  which  forms  with 
IUIUCI10I.F  ji^g  upper  end  of  the 
shaft  an  angle  of  about 
KxTiu  isirBK.L      '■^^  degrees,  and  ia  di- 

liiBErwiTT  rected upwards, inwards, 
and  a  little  forward?. 
Its  vertical  width  ex- 
ceeds   its    antero-poe- 

ElTUKSiL  I.-ONDVLE  pATELLAK  l.MKRSAL  COHDV!.*  tcrior     thicknCSS.        Con- 

^  „  BiBFAci  Btricted  about  its  middle, 

FlQ.     laS.— BrriKT    FSMITII    AS    SEI!^    PHOM   TH«    PrONI.  ■.  J      ■      .  11  .  In 

it  expands  internally  to 
suiiport  the  bead,  whilst  externally,  where  it  joins  the  shaft,  its  vertical  diameter  is 


THE  FEMUR.  225 

much  increaaed.     Anteriorly  it  ia  clearly  defined  from  the  shaft  by  a  rough  ridge 
which  commences  above  on  a   prominence,  sometimes  called  the  tubercle  of  the 
femur,  and  passes  obliquely 
downwards    and    inwards. 
This  constitutes  the  upper  ?< 
part  of  the  spiral  line  (unea 
inter  -  trochanterica),    and 
serres  for  the  attachment 
of  the  ilio-feiuoral  ligament 
of  thehip-joint.  Posteriorly 

where  the  neck  unites  with  « 

the  shaft,  there  is  a  full 
rounded  ridge  passing  from 
the  trochanter  major  above 
to  the  trochanter  minor 
below ;  this  is  the  posterior 
intertrochanteric  line  or 
ridge  (crista  intertro- 
chanterica).  A  little  above 
the   middle   of   this   ridge 

there  is  usually  a   fuluess  « 

which  serves  to  indicate 
the  upper  limit  of  attach- 
ment of  the  quadratus  fem- 
oris  muscle,  and  is  called 
the  tubercle  for  the  qnad- 
ratoa.  Ex  temally  t)ie  neck 
is  embedded  in  the  inner 
surface  of  the  trochanter 
major,  l>y  which,  at  its 
upper  and  back  part,  it  is 
to  some  extent  overhung. 
Here  is  situated  the  digital 
fossa  (fossa  trochanterica), 
into  which  the  tendon  of 
the  obturator  esternus  is 
inserted.  Passing  netiriy 
horizontally  across  the  back 
of  the  neck  there  is  a  faint 
groove  leading  into  this  de- 
pression; in  this  the  tendon 
of  the  obturator  externus 
muscle  lies.  Inferiorly  the 
neck  beconiescon  fluent  with 
the  trochanter  minor  be- 
hind,and  is  continuous  with 
the  inner  surface  of  the 
shaft  in  front.  The  neck 
is  pierced  by  many  vascular 
canals,  most  numerous  at 
the  upper  and  back  part,   t 

Some  are  directed  upwards  ^' 

towards  the  bead,  whilst  , 
others  pass  in  the  direction  > 
of  the  trochanter  major.       eraiCTiI^mBiit        ibtircondilic  hot™ 

The  trochanter  major  p,o.  leg.— Riqht  FBHna  as  sras  fhoh  Bkhind. 

is  a  tai^  quadrangular  pro- 
cess which  caps  the  upper  and  outer  part  of  the  shaft,  and  overhangs  the  root  of  the 
neck  above  and  behind.     Its  outer  ev/rface,  of  rounded  irregular  form,  slopes  upwards 
16 
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and  inwards,  and  is  separated  from  the  external  surface  of  the  shaft  below  bj 

a  more  or  leas  horizontal  ridge.     Crossing  it  obliquely  from  the  posterior  superior 

to  the  anterior  inferior  angle  is  a  rough  line  which  serves  for  the  insertion  of  the 

gluteus  medius  muscle ;  above  and  below  this  the  surface  of  the  bone  is  smoother 

g^^ji  and  is  overlain  by  bursse.     The 

an ttrior  surface,  somewhat  oblong 

in  shape,  and  inclined  obliquely 

row  from  below  upwards  and  inwards, 

•■'"■  is  elevated  from  the  general  aspect 

of  the  shaft  below,  from  which  it 

ie  separated  in  front  byan  oblique 

line  leading  upwards  and  inwuda 

GBBiT         to  the  tubercle  at  the  upper  end 

nucBANTEH  ^^  ^^^  superfor  part  of  the  spiral 

jj^^^^  line.    This  surface  serves  for  tbe 

insertion  of  the  gluteus  minimuB. 
The  superior  6(W(£er  is  curved  and 
elevated ;  into  it  are  inserted  the 
tendons  of  the  obturator  intern ub 
and  gemelli  muscles  within  and 
in  front,  and  the  pyriformia 
muscle  above  and  behind.  The 
posterior  border  is  thick  and 
rounded,  and  forms  the  upper  part 
of  the  posterior  intertrochanteric 
AL  ■!»>■  ridge.  The  angle  formed  by  the 
superior  and  posterior  borders  is 
sharp  and  pointed,  and  forms  the 
tip  of  the  trochanter  overhanging 
the  digital  fossa,  which  lies  im- 
mediately below  and  within  its 
"^  inner  surface. 

The  trochanter  minor  is  an 
elevated  pyramidal  process  situ- 
ated at  the  back  of  the  inner  and 
upper  part  of  the  shaft  where  that 
Kro.  iro,-BACK  View  ok  UprBB  EsD  OF  Ri.iHT  Feicuh.       becomes    continuous    with    the 
lower  and  posterior  part  of  the 
neck.     Confluent  above  with  the  posterior  intertrochanteric  ridge,  it  gradually  fades 
away  into  the  back  of  the  shaft  below.     The  combined  tendon  of  the  ilio-psoas  is 
inserted  into  this  process  and  the  bone  immediately  below  it. 

The  shaft  (corpus  fenioris),  which  is  characterised  by  its  great  length,  is  cylin- 
drical in  form.  As  viewed  from  the  front,  it  is  straight  or  but  slightly  curved ;  as 
seen  in  profile,  it  is  bent  forwards,  the  curve  being  most  pronounced  in  its  npi'-T 
part  The  shaft  ia  thinnest  at  some  little  distance  above  its  middle;  lielow  this  it 
gradually  increases  in  width  to  support  the  condyles  inferiorly ;  its  antero-posterior 
diameter,  however,  is  not  much  increased  below.  Its  surfaces  are  generally  smooth 
and  rounded,  except  behind,  where,  running  loagitudiaally  down  the  centre  of  its 
curved  posterior  aspect,  there  is  a  rough-lipped  ridge,  the  Itoea  aapera  (linea  aspen) 
Most  salient  towards  the  middle  of  the  shaft,  the  linea  aspera  consists  of  an  inner 
lip  (labium  mediale)  and  an  outer  lip  (labium  laterale),  with  a  narrow  iuterveninR 
rough  surface.  Above,  about  2  to  2i  inches  from  the  trochanter  minor,  the  linea 
aspera  is  formed  by  the  convergence  of  three  lines.  Of  these  the  outer  is  a  rouj^h, 
somewhat  elevated,  ridge,  which  commences  above,  on  the  back  of  the  shaft,  extenial 
to  and  on  a  level  with  the  trochanter  minor,  and  becomes  continuous  below  with 
the  outer  lip  of  the  linea  aspera.  This  serves  for  the  bony  insertion  of  the  glutens 
maximus,  and  is  occasionally  developed  into  an  outstanding  process  called  the 
trochanter  tertina.  Internally  the  inner  lip  of  the  linea  aspera  is  confluent  above 
■'th  a  line  which  winds  round  the  shaft  upwards  and  forwards  in  front  of  the 
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trochanter  minor  to  become  continuous  with  the  rough  ridge  which  serves  to  define 
the  neck  from  the  shaft  anteriorly  (see  ante).  The  whole  constitutes  what  is  known 
as  the  sxnxal  line,  and  extends  from  the  fore  and  upper  part  of  the  trochanter  major 
above  to  the  linea  aspera  below.  Intermediate  in  position  between  the  spiral  line 
in  front  and  internally,  and  the  gluteal  ridge  externally,  there  is  a  third  line, 
the  pectmeal  line  (linea  pectinea),  which  passes  down  from  the  trochanter  minor 
and  fades  away  inferiorly  into  the  surface  between  the  two  lips  of  the  linea  aspera. 
Into  this  the  pectineus  muscle  is  inserted.  About  the  junction  of  the  middle  with 
the  lower  third  of  the  shaft  the  two  lips  of  the  linea  aspera  separate  from  one 
another,  each  passing  in  the  direction  of  the  condyle  of  the  corresponding  side. 
The  lines  so  formed  are  called  the  inner  and  outer  epicondylic  lines  respectively,  and 
enclose  between  them  a  smooth  triangular  area  corresponding  to  the  back  of  the 
lower  third  of  the  shaft ;  this,  called  the  popliteal  surface  (planum  popliteum),  forms 
the  floor  of  the  upper  part  of  the  popliteal  space.  The  continuity  of  the  upper  part 
of  the  internal  epicondylic  Une  is  but  faintly  marked,  being  interrupted  by  a  wide 
and  faint  groove  along  which  the  popliteal  artery  passes  to  enter  the  space  of  that 
name.  Below,  where  the  line  ends  on  the  up^r  and  inner  surface  of  the  internal 
condyle,  there  is  a  little  spur  of  bone  called  the  adductor  tubercle,  to  which  the 
tendon  of  the  adductor  magnus  is  attached,  and  behind  which  the  inner  head  of 
the  gastrocnemius  muscle  takes  origin. 

The  linea  aspera  affords  extensive  linear  attachments  to  many  of  the  muscles  of  the  thigli. 
The  vastus  intemiis  arises  from  the  spiral  line  above  and  the  inner  lip  of  the  linea  aspera  below. 
The  adductor  longus  is  inserted  into  the  inner  lip  about  the  middle  third  of  the  length  of  the  shaft 
^he  adductor  magnus  is  inserted  into  the  intermediate  part  of  the  line,  extending  as  high  as  the 
level  of  the  trochanter  minor,  where  it  lies  internal  to  the  insertion  of  the  gluteus  maximus. 
Below,  its  insertion  passes  on  the  internal  epicondylic  ridge,  reaching  as  low  as  the  adductor 
tuliercle.  The  adductor  brevis  muscle  is  inserted  into  the  linea  aspera  above,  between  the  pec- 
tineus and  adductor  longus  muscles  internally  and  the  adductor  magnus  externally.  Below  the 
insertion  of  the  gluteus  maximus  the  short  head  of  the  biceps  arises  Irom  the  outer  lip  as  well  as 
from  the  external  epicondylic  line ;  in  front  these  also  serve  for  the  origin  of  the  vastus  extemus 
muscle. 

The  canals  for  the  nutrient  arteries  of  the  shaft,  which  have  an  upward  direction,  are  usually 
two  in  number,  and  are  placed  on  or  near  the  linea  aspera — the  upper  one  about  the  level  of  the 
junction  of  the  middle  and  upper  third  of  the  bone,  tne  lower  some  three  or  four  inches  below — 
usually  on  the  inner  side  of  tne  shaft,  immediately  in  front  of  the  inner  lip  of  the  linea  aspera. 

The  front  and  lateral  aspects  of  the  shaft  are  covered  by,  and  furnish  surfaces 
for,  the  origins  of  the  vasti  and  crureus  muscles. 

The  lower  extremity  of  the  femur  comprises  the  two  condyles.  These  are  two 
recurved  processes  of  bone,  each  provided  with  an  articular  surface,  and  separated 
behind  by  a  deep  intercondylic  notch.  United  in  front,  where  their  combined 
articular  surfaces  form  an  area  on  which  the  patella  rests,  the  two  condyles  differ 
from  each  other  in  the  following  respects :  If  the  shaft  of  the  bone  be  held  vertically, 
the  internal  condyle  is  seen  to  reach  a  lower  level  than  the  external ;  but,  as  the 
femur  lies  obliquely  in  the  thigh,  the  condyles  are  so  placed  that  their  inferior  sur- 
faces lie  in  the  same  horizontal  plane.  Viewed  from  below,  the  internal  condyle  is 
seen  to  be  the  narrower  and  shorter  of  the  two.  The  external  condyle  is  broader, 
and  advances  farther  forward  and  higher  up  on  the  anterior  surface  of  the  shaft. 
The  intercondylic  notch  (fossa  intercondyloidea)  reaches  forwards  as  far  as  a  trans- 
verse line  drawn  through  the  centre  of  the  external  condyle.  Its  sides  are  formed 
by  the  inner  and  outer  surfaces  of  the  outer  and  inner  condyles  respectively,  the 
latter  being  more  deeply  excavated,  and  displaying  an  oval  surface  near  its  lower 
and  anterior  part  for  the  attachment  of  the  posterior  crucial  Ugament  of  the  knee- 
joint.  Placed  high  up,  on  the  posterior  part  of  the  inner  surface  of  the  external 
condyle,  there  is  a  corresponding  surface  for  the  attachment  of  the  anterior  crucial 
ligament  The  floor  of  the  notcfa^  which  is  pierced  by  numerous  vascular  canals, 
slopes  upwards  abd  backwards  towards  the  popliteal  surface  on  the  back  of  the 
shaft,  from  which  it  is  separated  by  a  slight  ridge  (linea  intercondyloidea)  to  which 
the  posterior  part  of  the  capsule  of  the  knee-joint  is  attached. 

The  cutaneous  aspect  of  each  condyle  {i.e.  the  outer  surface  of  the  external 
condyle  and  the  inner  surface  of  the  internal  condyle)  presents  an  elevated  rough 
16  a 
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surface,  called   the  tuberosity   (epicondylue),   that  of    the   internal   (epicondylos 
medialis)  being  the  more  pronounced  and  outatasding  from  the  line  of  the  shaft; 
capped  above  by  the  adductor  tubercle,  it  affords  attachment  near  its  moat  pro- 
minent point  to  the  fibres  of  the  internal  lateral  Miramnnt 
of  the  knee-joint.      The   external   tuberosity  (epi 
lateralis),  leas  pronounced  aud  lying  more  in  line 
outer  surface  of  the  shaft,  is  channelled  behind  by 
groove,  the  lower  rounded  lip  of  which  serves  to  se 
from   the  inferior  articular  surface.     This  groove 
front  in  a  pit  which  ia  placed  just  below  the  mos 
point  of  the  tuberosity ;  hereto  is  attached  the  t 
the  popliteus  muscle,  which  overlies  the  lower  li 
groove  in  the  extended  position  of  the  joint,  but  f 
and  occupies  the  groove  when  the  joint  is  flexed, 
the  most  prominent  part  of  the  external 
tuberosity,  and  just  above  the  pit   for 
the    attachment   of  the   popliteus,  the 
external   lateral  ligament  of  the  knee-     gurtcefor 
joint  is  attached,  whilst  superior  to  that      utoohmm 
there  is  a  circumscribed  area  for  the  origin     ** 
of  the  tendinous  port  of  the  outer  head  undol 

of  the  gastrocnemius  muscle.  ""P"' 

The   uticnUr  surface  on   the  lower   „     ,,,     ,         „         „        .^       ,„       „., , 
...   .,  ,     .    ,      .1.  .  Flo.  1 71. — Lower  End  OF  RiDHT  FuUB  (Outer  STdfV 

extremity  is  divisible  into  three  parts — 

that  which  corresponds  to  the  inferior  surface  of  the  shaft  and  which  is  formed  by  the 
coalescence  of  the  two  condyles  in  front,  and  those  which  overlie  the  under  and 
hinder  aspects  of  each  of  those  processes.  The  former  is  separated  from  the  latter 
by  two  shallow  oblique  grooves  which  traverse  the  articular  surface  from  before 
iHLckwards,  on  either  side,  in  the  direction  of  the  anterior  part  of  the  intercondyhc 
notch.  These  furrows  are  the  impressions  in  which  fit  the  fore-parts  of  the  internal 
and  external  semilunar  cartilages  of  the  knee-joint  respectively,  when  the  knee-joint 
is  extended.  The  anterior  articular  area  or  trochlea  (facies  patellaris)  is  adapted 
for  articulation  with  the  patella.  Convex  from  above  downwards,  it  displays  a 
broad  and  shallow  central  groove,  bounded  on  either  side  by  two  slightly  convex 
FAraLLin  HVKTACK  Buffaccs.  Of  the  two  sides, 

"oi      the  external  is  the  wider 
ii!lga     and  more  prominent,  and 
j^  rises  on  the  front  of  the 

«t  ^         bone  to  a  higher  level  than 

'""  »*cm   the   internal.      The  con- 

dyloid or  tibial  Buifaoes  are 
■"  convex  from  side  to  side, 

and  convex   from   before 

traci    backwards.    Sweeping 

round  the  under  surface 

and  posterior  extremities 

of  the  condyles,  they  de- 

■lor       scribe  a  spiral  curve  more 

tnicw  iigiumnt  ^       j^  front  than  behind. 

Kio.  172.— LnwKB  End  or  Right  Fbhur  as  sein  pbom  Bblow.  rpi,„    ■    „„_  ,^   j,.i„;j   „, 

The  mner  condyloid  ar- 
ticular surface  is  narrower  than  the  outer,  and  when  viewed  from  below  is  also  seen 
to  describe  a  curve  around  a  vertical  axis.  The  articular  surface  of  the  external 
condyle  is  inclined  obliquely  from  before  backwards  and  slightly  outwards.  The 
surfaces  of  the  condyles  above  the  articular  area  posteriorly  are  cooBuent  superiorly 
with  the  popliteal  surface  of  the  shaft ;  from  these  areas  the  heads  of  the  gastro- 
cnemius muscles  arise.  The  bone  from  which  the  inner  head  of  the  muscle  springs 
is  often  elevated  in  the  form  of  a  tubercle  placed  on  the  lower  part  of  the  popliteal 
surface  of  the  shaft,  just  above  the  internal  condyle.  The  proportionate  length  of 
the  femur  to  the  body  height  is  as  1  is  to  3'53-~3'92. 
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Arterial  Foramilia. — Numerous  vascular  canals  are  seen  in  the  region  of  the  neck,  at  the 
Yx>ttom  of  the  digital  fossa,  on  the  posterior  intercondylic  ridge  and  on  the  external  surface  of 
the  great  trochanter.  The  nutrient  arteries  for  the  shaft  pierce  the  bone  on  or  near  the  linea 
&«pera.  Both  back  and  front  of  the  lower  end  of  the  shaft  display  the  openings  of  numerous 
vascular  canals,  and  the  floor  of  the  intercondylic  notch  is  also  similarly  pierced. 

Ooii]iezion& — The  femur  articulates  with  the  os  innomina turn  above  and  the  tibia  and  patella 
below.  The  external  surface  of  the  great  trochanter  determines  the  point  of  greatest  hip  width 
in  the  male,  being  covered  only  by  the  skin  and  superficial  fascia  ana  the  aponeurotic  insertion  of 
the  gluteus  maximus.  In  the  erect  position  the  tip  of  the  trochanter  corresponds  to  the  level  of 
the  centre  of  the  hip-joint  When  the  thigh  is  flexed  the  trochanter  major  sinks  under  cover 
of  the  anterior  fibres  of  the  gluteus  maximus.  In  women  the  hip  width  is  usually  greatest  at 
some  little  distance  below  the  trochanter,  due  to  the  accumulation  of  fat  in  this  re^on.  The 
shaft  of  the  bone  is  surroimded  on  all  sides  by  muscles.  Its  forward  curve,  however,  is  account- 
able to  some  extent  for  the  fulness  of  the  front  of  the  thigh.  The  exposed  surfaces  of  the  condyles 
determine  to  a  large  extent  the  form  of  the  knee.  In  flexion  the  articular  edges  can  easily  be 
recoenised  on  either  side  of  and  below  the  patella. 

Architecture. — The  shaft  has  a  medullarv  cavity  which  i^eaches  as  high  as  the  root  of  the 
small  trochanter.  Inferiorly  it  extends  to  within  3^  inches  of  the  lower  articular  surface.  In 
the  upper  half  the  outer  compact  wall  is  very  thick,  but  below  the  middle  of  the  shaft  it 
gradually  thins  until  it  reaches  the  condyles  inferiorly,  over  which  it  passes  as  a  thin,  hardly 
definable  external  layer.  Above,  it  is  especiallj)r  thick  along  the  line  of  the  linea  aspera,  and 
here  the  large  nutrient  canal  may  be  seen  passing  obliquely  upwards  in  the  substance  of  the 
dense  bone  tor  the  space  of  two  inches.  In  the  upper  end  ot  the  shaft  the  osseous  lamellss 
springing  from  the  sides  of  the  m«iullary  cavity  arcn  inwards  towards  the  centre,  intersecting 
each  other  in  a  manner  comparable  to  the  tracery  of  a  Gothic  window.  The  lower  wall  of  the 
neck  is  thick  below,  near  tne  trochanter  minor,  but  thins  rapidly  before  it  reaches  the  head. 
From  this  aspect  of  the  neck  there  spring  a  series  of  oblique  lamellae  which  pass  upwards  and 
inwards,  spreading  in  fan-shaped  manner  into  the  under  surface  of  the  nead.  These  are 
intersected  above  oy  lamelles  which  arch  inwards  from  the  outer  side  of  the  shaft  below  the 
great  trochanter,  as  well  as  from  the  imder  surface  of  the  thin  but  compact  outer  shell  of  the 
upper  surface  of  the  neck,  the  whole  forming  a  bracket-like  arrangement  wnich  assists  materially 
in  adding  to  the  strength  of  the  neck.  Further  support  is  given  by  the  addition  of  a  spur  of 
dense  bone  which  springs  from  the  inner  surface  of  tne  under  side  of  the  neck,  just  in  front  of 
and  above  the  trochanter  minor :  this  is  called  the  calcax  femorala  From  it  stout  lamella;  having 
a  vertical  direction  arise.  The  spongy  tissue  of  the  head  and  great  trochanter  is  finely 
reticulated,  that  of  the  lower  part  of  the  neck  and  upper  part  of  the  shaft  being  more  open  in  its 
texture.  Passing  vertically  downwards  through  this  tissue  there  is  a  vascular  canal,  tne  orifice 
of  which  opens  externally  on  the  floor  of  the  digital  fossa. 

The  spongy  tissue  of  the  lower  part  of  the  shaft  is  more  delicate  and  uniform  in  its 
arrangement,  aispltmng  a  more  or  less  parallel  striation  in  a  longitudinal  direction.  Subjacent 
to  the  articular  surrace  the  tissue  is  rendered  more  compact  by  the  addition  of  lamellas  disposed 
in  curves  in  harmony  with  the  external  aspect  of  the  bone. 

Variations. — Absence  of  the  pit  on  the  head  of  the  femur  for  the  attachment  of  the 
ligamentum  teres  has  been  recorded.  This  corresponds  with  the  condition  met  with  in  the 
orang.  Not  infrequently  there  is  an  extension  of  the  articular  surface  of  the  head  on  to  the  fore 
and  upper  aspect  of  the  neck  ;  this  is  a  "  pressure  facet "  caused  by  the  contact  of  the  iliac  portion 
of  the  acetabular  margin  with  the  neck  of  the  bone,  when  the  limb  is  maintained  for  long  periods 
in  the  flexed  position,  as  in  tailors,  and  also  in  those  races  who  habitually  squat  (Lane,  Joum. 
Anat.  and  PkytioL,  vol.  xxii.  p.  606). 

The  occurrence  of  a  trochanter  tertius  has  been  already  referred  to.  Its  presence  is  not  con- 
fined to  individuals  of  powerful  physique,  but  may  occur  in  those  of  slender  build,  so  far 
suggesting  that  it  is  not  to  be  regamea  merely  as  an  indication  of  excessive  muscular  develop- 
ment The  observations  of  Dixon  {Joum.  Anat.  and  Physiol.^  vol.  xxx.  p.  502),  who  noted  the 
occurrence  of  a  separate  epiphysis  in  three  cases  in  connexion  with  it,  seem  to  point  to  its 
possessing  some  morphological  significance. 

Occasionally  the  gluteal  ridge  may  be  replaced  by  a  hollow,  the  fossa  hypotrochanterica,  or  in 
some  cases  the  two  may  co-exist 

The  angle  of  the  neck  is  more  open  in  the  child  than  in  the  adult,  and  tends  to  be  less 
when  the  femoral  length  is  short  and  the  pelvic  width  great— conditions  which  particularly 
appertain  to  the  female.  There  is  no  evidence  to  show  that  after  growth  is  completed  any 
alteration  takes  place  in  the  angle  with  advancing  years  (Humphry). 

The  curvature  of  the  shaft  may  undergo  considerable  variations,  and  the  appearance  of  the 
posterior  surface  of  the  bone  may  be  modified  by  an  absence  of  the  linea  aspera,  a  condition 
resembling  that  seen  in  apes ;  or  by  an  unusual  elevation  of  the  bone  which  supports  the  ridge 
(femur  a  jwto«<re),  produced,  as  Manouvrier  has  suggested,  by  the  excessive  development  of  the 
muscles  here  attached. 

Under  the  term  ^^  platymerie"  Manouvrier  describes  an  antero-posterior  compression  of  the 
upper  part  of  the  shaft,  frequently  met  with  in  the  femora  of  prehistoric  races. 

Ossification. — The  shaft  begins  to  ossify  early  in  the  second  month  of  foetal  life,  and  at 

birth  displays  enlargements  at  both  ends,  which  are  capped  with  cartilage.     If  the  inferior 

cartilaginous  end  be  sliced  away,  a  small  ossific  nucleus  for  the  inferior  epiphysis  will  usually 

be  seen.     This,  as  a  rule,  makes  its  appearance  towards  the  latter  end  of  the  ninth  month 

166 


230 


OSTEOLOGY. 


of  festal  life,  and  ie  at  service  from  a  medico-legal  atandpoint  in  determiaing  the  age  of  the 
fcetuH.  According  to  Hartman,  it  is  absent  in  about  12  per  cent  of  children  at  term,  and 
may  appear  as  early  as  the  eighth  month  of  twtal  life  in  about  7  per  cent.     The  superior 

extremity,     entirely 


App«iiri4  about    ^ 
rjBriy  I»rt  of 


At  birth. 


About  12  y«its.  J 

FlO.  173, — OBSlFlOiTION    Q 


^  e    lagiuous  at  birth,  compri^« 
■S  *.    the    bead,    neck,     and    tro- 
ll §    chanter    major.       A    centre 
m'^    appears  for  the  head  dwriiijr 
I       the  early  part  of    the   lirnt 
year.      Tliat    for     the    tro- 
chanter    major     begins    to 
^      ossify  about   the  second  or 
third  year,  whilst  the  neck 
is  developed  as  an    upward 
extension  of  the  shaft,  which 
is,  however,  not  confined  to 
the  neck  alone,  but  forms  the 
mference  of   th« 


8  lip  to  the  age 
r  sixtceu  ;  after 
epiphysis 


articular   1 
seen  in  bone 

that,  the  separate  i 
of  the  head  begins  to  over- 
lap it  so  as  to  cover  it  en- 
tirely when  fusion  is  com- 
plete at  the  age  of  cightefu 
or  twenty. 

The  epiphysis  of  thegreai 
trochanter  unites  with  tlie 
shaft  and  ueck  about  eigh- 
teen  or  nineteen,  whilst  tbe 
epiphysis  for  the  trochanter  minor,  which  usually  makes  its  appearance  about  tbe  twelfth 
or  thirteenth  year,  is  usually  completely  fused  with  the  shaft  about  the  ago  of  eighteen. 
The  epiphysis  for  the  lower  end,  although  the  first  to  ossify,  is  not  completely  united  to 
the  shaft  until  from  about  the  twentieth  to  the  twenty-second  year.  It  is  worthy  of  note 
that  the  line  of  fusion  of  the  shaft  and  inferior  epiphysis  passes  through  the  adductor 
tubercle,  a  point  which  can  easily  be  determined  in  the  living. 

The  Patella. 
The  patella,  the  largest  of  the  sesamoid  bones,  overlies  the  froot  of  the  knee- 
joint  in  the  tendon  of  the  quadriceps  extensor.     Of  compressed  form  and  somewhat 
triangular   shape,  its 

lower  angle   projects  .  eitehn*l  *iiTicrL.ii  win 

downwards  and  forms 
a  peak,  called  the 
apex  (apex  patellEe), 
whilst  its  upper  edge, 
or  base  (basis  patelliB), 
broad,  thick,  and 
sloping  forwards  and 
a  little  downwards,  is 
divided  into  two  areas 
by  a  transverse  line 
or  groove ;  the  an- 
terior area  so  deSned  Surfteelbrt)ieliguDSntuiD)iat«llaF 

serves  for  the  attach-  pja.  i74._rioht  Patilla. 

ment  of  the  common  a.  Anterior  surface.  R  Porterior  »iirf«». 

tendon  of  the  quad- 
riceps extensor  muscle,  whilst   the  posterior,  of  compressed  triangular  shape,  is 
covered  by  synovial  membrane.     The  inner  and  outer  borders,  of  curved  outline, 
receive  the  insertions  of  the  vastus  intemus  and  extemus  muscles  respectively,  the 
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attachment  of  the  vastus  intemiis  being  more  extensive  than  that  of  the  vastus 
extemus.  The  anterior  surface  of  the  bone,  slightly  convex  in  both  diameters,  has  a 
Gbrous  appearance,  due  to  its  longitudinal  striation,  and  is  pierced  here  and  there 
by  the  openings  of  vascular  canals.  The  poBlerior  or  femoral  ariicvlar  surface  is 
dirided  into  two  unequal  parts  (of  which  the  external  is  the  wider)  by  a  vertical 
elevation  which  glides  in  the  furrow  of  the  trochlear  surface  of  the  femur,  and  in 
extreme  flexion  passes  to  occupy  the  intercondyhc  notch.  The  outer  of  the  two 
femoral  surfaces  is  slightly  concave  in  both  its  diameters ;  the  inner,  though 
slightly  concave  from  above  downwards,  is  usually  plane,  or  somewhat  convex  trans- 
versely. Occasionally,  in  the  macerated  bone,  indications  of  a  third  vertical  area 
are  to  be  noted  along  the  inner  edge  of  the  internal  aspect.  This  defines  the  part 
of  the  articular  surface  which  rests  on  the  border  of  the  internal  condyle  in 
extreme  fiexion. 

Below  the  femoral  articular  area  the  deep  surface  of  the  apex  is  rough  and 
irregular ;  the  greater  part  of  this  is  covered  by  synovial  membrane,  the  liga- 
mentum  patellse  being  attached  to  its  summit  and  margins,  reaching  some  little 
distance  round  the  borders  on  to  the  anterior  aspect  of  this  part  of  the  bone. 

Aichitectnrs. — The  booe  consista  of  a  thick  dense  layer  anteriorly,  which  thins  towaidfl  the 
edges  on  either  aide  and  below  ;  above,  it  corresponds  to  the  area  of  insertion  of  the  quadriceps. 
The  femoral  articuUr  Burface  is  composed  of  a  layer  of  compact  bone,  thickest  in  coireHpondence 
with  the  vertical  eievaCiou.  Sandwiched  between  these  two  layers  is  a  varying  thicknesa  of 
epongv  tissue  of  fairly  close  grain,  the  atriation  of  which  on  croBs  section  runs  in  parallel  lines 
from  [lack  to  front ;  on  vertical  section  the  tissue  appears  to  be  arranged  in  lines  passing  radially 
from  the  deep  surface  of  the  femoral  area  to  the  mure  extensive  anterior  dense  plate. 

Valistlrais. — Cases  of  congenital  absence  of  the  patella  have  been  recorded. 


F.  C.  Kem^n  (Joum.  Afiat.  and  PAyatof.,  vol.  ixivi.)  has  recently  drawn  attention  to  the 
indition  described  as  emai^;mation  of  the  palelK  In  specimciLS  displaying  this  appearance  the 
margin  of  the  bones  is  concave  from  a  point  about  half  an  inch  to  the  outer  side  of  the  middle 


line,  to  a  point  half-way  down  the  outer  margin  of  the  bone,  here  there  is  usually  a  pointed 
spine  directed  upwards  and  outwards.  The  condition  appears  to  be  associated  with  the  insertion 
of  the  tendon  of  the  vastus  extemus.  O.  Joachimstal  {Arehiv  u.  Atlas  der  nomalen  und  pathoto- 
gischen  AHatamit  in  typitcken  Sdnlgeabildem,  fid.  8)  figures  a  case  in  which  on  both  sides  the 
tiatella  was  double  in  an  adult,  the  lower  and  much  the  smaller  portion  was  embedded  in  the 
lig&mentum  patells. 

Ossification. — The  patella  is  laid  down  in  cartilage  about  the  third  month  of  fcetal 
life.  At  birth  it  is  cartilaginous,  and  the  tendon  of  the  quadriceps  is  continuous  with  the 
ligamentum  patellse  over  its  anterior  surface,  and  can  easily  be  dissected  off.  About  the 
third  year  an  ossiBc  centre  appears  iu  it  and  spreads  more  particularly  over  its  deeper 
surface.     Ossification  is  usually  completed  by  the  age  of  puberty. 

The  Tibia 

The  tibia  is  the  inner  bone  of  the  leg.  It  is  much  stouter  and  stronger  than  its 
neighbour  the  fibula, 

with     which     it     is        „i„„^t/'^~ '"  ■""'"""* "'"'—       T'"««°^' 
united  above  and  be-      ATiwrior  cmt  "«r«ntty'o"* 

low.       By  its  superior  g  .1  BfmMunar  can. 

expanded    extremity 

it  supports  the  con- 

dvles   of  the   femur, 

while     infenorly     it       imrmMiTT 

shares  in  the  forma-  ™««itv 

tion  of  the  ankle -joint, 

articulating  with  the 

upper     surface     and         b™ovi»l  SmtS^of "' 

inner  side  of  the  as-  1  i»eniiiun«r 

,.„„„i„_  Surface  for"  • 

tragalUS.  ot  Lnt»m»l  Mmilunit  artilige       Po*t.  cruoinl  ligiment 

The  superior  ex-  ^^^^  irs.— Upper  SoRFACii  of  Sufbbior  ExmEMrVT  or  Rioht  Tisii. 

tremity  comprises  the 

inner  and  outer  tuborosities,    the   spine,    and   the  tubercle.      Each   tuberosity  is 
provided    on    its  upper   aspect    with    an    articular    surface    (facies     articularis 
superior),   which   supports    the   corresponding    femoral    condyle,  as  well  as   the 
16c 
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interposed    semilunar   cartilage.       Of    these    two    condylic    surfaces    the   iniiw 
is  tlie  larger:  of  oval  shape,  its  long  axis  is  placed  antero-posteriorly.     Slightly 
uto-obw  und       bfihe  conoave  from  before  backwards  aad 

from  aide  to  side,  its  circumfereD<« 
rises  in   the   form  of  a  sharp  and 
tdmiwIiIt*  well-defined  edge.  The  ootar  condrlie 

'•L     BuifiMie    is    smaller    and     rounder. 
*""*   Slightly  concave  from  side  to  side, 
!,„„  and  gently  convex  from  before  bact- 

wards,  its  circumference  ia  well  de- 
fined  in  front,  but  is  rounded  off 
"*  behind,   thus   markedly   increasing 

the  convexity  of  its  posterior  part 
Between  the  two  condylic  surfatett 
the  bone  is  raised  in  the  centre  to 
form  the  spine  (eminentia  intercon- 
dyloidea),  the  summit  of  which  is 
grooved  and  capped  on  either  side 
by  taberdes  which  spring  from  and 
are  formed  by  the  upward  exteusion 
of  the  neighbouring  condylic  areas. 
Of  these  tubeicles  the  inner  (tuber- 
culum  intercondyloideum  medialu) 
•^  -.ova     is   the   higher,   and    longer    in  an 

antero-posterior  direction,  the  outrr 
(tuberculum       intercondyloid- 
eum  laterale)  being   more   poiokd 
,,^,0,  and  not  so  elevated.     In  front  and 

behind  the  spine  the  articular  areas 
*"      are    separated     by     two     irrpgukr 
V-shaped  surfaces,  the  intercoQilylic 
TiHioiuiorj  fossa.    The  anterior  fossa  (fossa  int«r- 

condyloidea  anterior),  the  larger  and 
wider,  furnishes  areas  for  the  attach- 
ment of  the  semilunar  cartilages  on 
ruioBBuri  either    side,   and   for    the   anterior 

crucial  ligament  immediately  in  front 
of  the  spine.  The  floor  of  this  space 
is  pierced  by  many  nutrient  foramina. 
The  poBteiior  intercondjrlic  fMu 
(fossa  intercondyloidea  posterior)  ia 
conoave  from  side  to  side,  and  slopes 
downwards  and  backwards.  The 
external  semilimar  cartilage  is  at- 
tached near  its  apex  to  a  surface 
which  rises  on  to  the  back  of  the 
^  spine ;  the  internal  semilunar  carli- 
«ui  I        lage  is  fixed  to  a  groove  whicli  runs 

"        along  its  inner  edge,  and  the  pos- 
terior crucial  ligament   derives  an 
„^     attachment  fromthesmooth  posterior 
)t,Li    rounded  surface. 
^"',  The  external  tuberosity  (coudylus 

lateralis)  ia  the  smaller  of  the  Iho. 
It  overhauf'S  the  shaft  to  a  greattr 
rw.  l7fl.-Hi<iHT  TiBu  J.^n^F'ei'"^  AS  ""N  i'""-       extent   than   the   internal,  thounb 
this  is  obscured  in  the  living  by  lU 
articulttiun  with  the  fibula.     The  facet  for  the  fibula,  often  small  and  inuistioct, 
'3  placed  postero-externally  on  the   under   surface  of  its  most  projecting  part. 
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Antero-extemaUy  the  imprint  caused  by  the  attachment  of  the  ilio-tibial  band 
is  often  quite  distinct.  The  circumference  of  the  internal  tuberosity  (condylus 
medialis)  is  grooved  postero-internally  for  the  insertion  of  the  tendon  of  the  semi- 
membranosus. 

In  front  of  the  tuberosities,  and  about  an  inch  below  the  level  of  the  condylic  sur- 
fiBu;es,  there  is  an  oval  elevation  called  the  tubercle  of  the  tibia,  or  the  anterior  tuberosity 
(tuberositas  tibiae).  The  upper  half  of  this  is  smooth  and  covered  by  a  bursa,  while 
the  lower  part  is  rough  and  serves  for  the  attachment  of  the  ligamentum  patellae. 

Considered  in  its  entirety,  the  upper  extremity  of  the  tibia  is  broader  trans- 
versely than  antero-posteriorly,  and  is  inclined  backwards  so  as  to  overhang  the 
shaft  posteriorly. 

The  shait  (corpus  tibi»)  is  irregularly  three-sided.     It  is  narrowest  about  the 
junction  of  its  middle  and  lower  thirds,  and  expands  above  and  below  to  support 
the  extremities.     Kunning  down  the  front  of  the  bone  there  is  a  gently-curved, 
prominent  margin  confluent  above  with  the  tubercle,  but  fading  away  inferiorly  on 
the  anterior  surface  of  the  lower  third  of  the  bone,  where  it  may  be  traced  in  the 
direction  of  the  anterior  border  of  the  internal  malleolus.     This  is  the  crest  or  shin 
(crista  anterior),  which  is  subcutaneous  throughout   its  entire   length.     To  the 
inner  side  of  this  is  a  smooth,  slightly  convex  surface,  which  reaches  as  high  as  the 
internal  tuberosity  above,  and  inferiorly  becomes  continuous  with  the  inner  surface 
of  the  internal  malleolus.     This  is  the  internal  or  subcutaneous  surface  (facies 
medialis)  of  the  shaft,  which  is  covered  only  by  skin  and  superficial  fascia,  except 
in  its  upper  fourth,  where  the  tendons  of  the  sartorius,  gracilis,  and  semitendinosus 
muscles  overlie  it,  as  they  pass  towards  their  insertions.     This  surface  is  limited 
poeteriorly  by  the  internal  border  (margo  medialis)  which  passes  from  the  inner  and 
under  surface  of  the  internal  tuberosity  above  to  the  hinder  border  of  the  internal 
malleolus  below.     This  border  is  rounded  and  indefinite  above  and  below,  being 
usually  best  marked  about  its  middle  third.    To  the  outer  side  of  the  tibial  crest  is  the 
externcU  surface  of  the  bone  (facies  lateralis);  it  is  limited  behind  by  a  straight  vertical 
ridge,  the  crista  interossea,  to  which  the  interosseous  membrane,  which  occupies  the 
interval  between  the  tibia  and  the  fibula,  is  attached.     This  ridge  commences  above, 
near  the  middle  of  the  outer  and  under  surface  of  the  external  tuberosity,  and 
terminates  below  about  two  inches  above  the  lower  extremity  by  dividing  into  two 
lines,  which  separate  and  enclose  between  them  the  surface  for  articulation  with 
the  lower  end  of  the  fibula,  and  the  area  of  attachment  of  the  inferior  interosseous 
ligament,  which  here  unites  the  two  bones.     In  its  upper  two-thirds  the  external 
surface  provides  an  extensive  origin  for  the  tibialis  anticus.     Inferiorly,  where  the 
tibial  crest  is  no  longer  well  defined,  the  external  surface  turns  forward  on  to  the 
front  of  the  shaft,  and  is  limited  inferiorly  by  the  anterior  margin  of  the  inferior 
articular  surface.     Over  this  the  tendon  of  the  tibialis  anticus,  and  the  combined 
fleshy  and  tendinous  parts  of  the  extensor  proprius  hallucis  and  extensor  com- 
munis digitorum  muscles  pass  obliquely  downwards.     The  posterior  surface  (facies 
posterior)  of  the  shaft  lies  between  the  interosseous  ridge  externally  and  the  in- 
ternal border  on  the  inner  side.     Its  contours  are  liable  to  considerable  variation 
according  to  the  degree  of  lateral  compression  of  the  bone.     It  is  usually  full  and 
rounded  above,  and  flat  below.     Superiorly  it  is  crossed  by  the  oblique  or  popliteal 
line  (linea  poplitea),  which  runs  downwards  and  inwards,  from  the  fibular  facet 
above,  to  the  internal  border  on  a  level  with  the  junction  of  the  middle  with  the 
upper  third  of  the  shaft.     To  this  line,  as  well  as  to  the  internal  border  for  some 
distance  below  it,  the  soleus  muscle  is  attached.     Into  the  bulk  of  the  triangular 
area  above  it  the  popliteus  muscle  is  inserted.     Arising  from  the  middle  of  the 
popliteal  line  there  is  a  vertical  ridge,  which  passes  downwards  and  divides  the 
posterior  aspect  of  the  shaft  into  two  surfaces — an  external  for  the  tibial  origin  of 
the  tibialis  posticus  muscle,  and  an  internal  for  the  flexor  longus  digitorum  muscle. 
The  inferior  third  of  this  surface  of  the  shaft  is  free  from  muscular  attachments, 
but  is  overlain  by  the  tendons  of  the  above  muscles,  together  with  that  of  the  flexor 
longus  hallucis.     A  large  nutrient  canal,  having  a  downward  direction,  opens  on  the 
posterior  surface  of  the  shaft  a  little  below  the  popliteal  line  and  just  external  to 
the  vertical  ridge  which  springs  from  it. 
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The  inferior  extremity  of  the  tibia  displays  an  expanded  quadrangular  foniL 
It  is  furnished  with  a  saddle-shaped  articular  surface  on  its  under  surface  (facies 
articularis  inferior),  which  is  concave  from  before  backwards  and  slightly  convex 
from  side  to  side.  This  rests  upon  the  superior  articular  surface  of  the  body  of  the 
astragalus,  and  is  bounded  in  front  and  behind  by  well-defined  borders.  The 
anterior  border  is  the  rounder  and  thicker,  and  is  oftentimes  channelled  by  a  groove 
for  the  attachment  of  the  anterior  ligament  of  the  joint ;  further,  it  is  occasionally 
provided  with  a  pressure  facet  caused  by  the  locking  of  the  bone  against  the  neck 
of  the  astragalus  in  extreme  flexion.  Externally  the  edge  of  the  articular  area 
corresponds  to  the  base  of  the  triangle  formed  by  the  splitting  of  the  interosseous 
ridge  into  two  parts.  Where  these  two  lines  join  it,  both  in  front  and  behind,  the 
bone  is  elevated  into  the  form  of  tubercles,  in  the  hollow  between  which  (incisiiia 
fibularis)  the  lower  end  of  the  fibula  is  lodged,  being  held  in  position  by  powerful 
ligaments.  The  cartilage-covered  surface  occasionally  extends  for  some  little 
distance  above  the  base  of  the  triangle.  Internally  there  is  a  down-projecting 
process,  called  the  internal  malleolus  (malleolus  medialis),  the  inner  aspect  of  which 
is  subcutaneous  and  forms  the  projection  of  the  inner  ankle.  Its  external  surface 
is  furnished  with  a  pyriform  facet  (facies  articularis  malleolaris),  confluent  above 
with  the  cartilage -covered  area  on  the  inferior  extremity  of  the  shaft;  this 
articulates  with  a  corresponding  area  on  the  inner  surface  of  the  body  of  the 
astragalus.  Inferiorly  the  malleolus  is  pointed  in  front,  but  notched  behind  for 
the  attachment  of  the  internal  lateral  ligament  of  the  ankle.  Eunning  obliquely 
along  the  posterior  surface  of  the  malleolus  there  is  a  broad  groove  (sulcus 
malleolaris)  in  which  the  tendons  of  the  tibialis  posticus  and  flexor  longus 
digitorum  muscles  are  lodged ;  whilst  a  little  to  the  fibular  side  of  this,  and 
running  downwards  over  the  posterior  surface  of  the  lower  extremity  of  the  bone, 
there  is  another  groove,  often  faintly  marked,  for  the  lodgment  of  the  tendon  of 
the  flexor  longus  hallucis  muscle.  The  proportionate  length  of  the  tibia  to  the 
body  height  is  as  1  is  to  4'32-4'80. 

Arterial  Foramina. — Nutrient  canals  are  seen  piercing  the  upper  extremity  of  the  bone 
around  its  circumference  and  above  the  tubercle.  The  floors  of  the  intercondylic  fossa  are  alec 
similarly  pierced,  and  there  is  usually  a  canal  of  large  size  opening  on  the  summit  of  the  spine. 
Two  or  three  foramina  of  fair  size  are  seen  running  upwards  into  the  substance  of  the  bone  a  little 
below  and  to  the  inner  side  of  the  tubercle,  while  the  principal  vessel  for  the  shaft  passes  down- 
wards into  the  bone  on  its  posterior  surface,  about  the  level  of  the  junction  of  the  upper  and 
middle  thirds.  The  inner  surface  of  the  internal  malleolus,  as  well  as  the  anterior  and  posterior 
borders  of  the  inferior  extremity,  are  likewise  pitted  by  the  orifices  of  small  vascular  channels. 

Oonnexioxill. — Superiorly  tne  tibia  supports  the  condyles  of  the  femur,  and  is  connected  in 
front  with  the  patella  by  means  of  the  patellar  hgament  Articulating  externally  with  the 
fibula  above  and  below,  it  is  united  to  that  bone  throughout  nearly  its  entire  length  by  the  inter- 
osseous membrane.  The  crest  and  internal  surface  can  be  readily  examined,  as  they  are  sub- 
cutaneous, except  above  where  the  internal  surface  is  overlain  by  the  thin  tendinous  aponeurcvis 
of  the  muscles  passing  over  the  inner  side  of  the  knee.  The  form  of  the  lower  part  of  tne  knee  in 
front  is  determined  by  the  tuberosities  on  either  side  crossed  mesiaUy  by  the  ligamentum  patellee. 
Inferiorly  the  internal  malleolus  forms  the  projection  of  the  inner  ankle,  which  is  wider,  not  so 
low,  less  pointed,  and  placed  in  advance  of  the  projection  of  the  outer  ankle.  The  front  and 
back  of  tne  lower  end  of  the  bone  are  crossed  by  tendons,  which  mask  to  a  certain  extent  it«* 
form. 

Axchitectnre. — The  shaft  of  the  bone  is  remarkable  for  the  thickness  and  density  of  the 
osseous  tissue  which  underlies  the  crest  The  posterior  wall  is  stout,  but  the  internal  and 
external  walls  are  thinner.  The  several  walls  are  thickest  opposite  the  middle  of  the  shaft,  and 
thin  out  above  and  below  where  the  shaft  unites  with  the  epiphyses.  The  medullary  canal, 
narrow  and  circular  in  the  middle  of  the  bone,  increases  in  all  its  diameters  above  and[  belov, 
and  reaches  to  within  2^  to  3  inches  of  either  extremity.  Superiorly  the  arrangement  of 
the  lamellae  of  the  spongy  tissue  'resembles  a  series  of  arches  springing  from  the  dense  outer  walls. 
These  form  a  platform  on  which  the  superior  epiphysis  rests,  the  spongy  tissue  of  which  displays 
a  more  or  less  vertical  striation.  This  is  much  more  compact  under  the  condylic  surfaces,  tfce 
superficial  aspect  of  which  is  formed  by  a  thin  layer  of  dense  bone.  The  spine  and  tubercle  are 
also  formed  of  compact  tissue,  whilst  the  circumference  of  the  tuberosities  is  covered  by  a 
thinner  and  less  dense  walL  In  the  lower  end  of  the  shaft  the  spongy  tissue,  of  a  loose  and 
cellular  character,  is  arranged  in  vertical  fibres,  blending  inferiorly  with  the  closer  tissue  of  the 
inferior  epiphysis,  the  articular  surface  of  which  is  covered  by  a  thin  but  dense  layer. 

In  the  adult  bone  the  nutrient  canal  for  the  shaft  is  embedded  in  the  dense  posterior  wall  for 
the  space  of  two  inclies. 

variations  — The  tibia  is  often  unduly  laterally  compressed,  leading  to  an  increase  in  its 
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anttro-podterior  diameter  as  compared  with  its  transvene  width.  This  condition  is  more 
commonly  met  with  in  the  bonea  of  prehiatoric  and  savage  races  than  in  modem  Europeans. 
Attention  was  fitst  directed  to  this  particular  form  by  BuRk,  who  named  the  condition 
pUtycnemik.  The  general  appearance  of  such  tibira  resembles  that  B«en  in  the  apes,  and 
depende  on  an  exceptional  development  of  the  tibialis  posticus  muscle,  though,  as  Manouvrier 
hoK  pointed  out,  in  apes  thia  is  associated  with  the  direct  action  of  the  muscle  on  the  foot,  aa  in 
climDing,  whereas  in  man,  as  a  consequence  of  the  hij)edal  mode  of  progression,  the  muscle  ia 
employed  in  an  inverse  sense,  viz.  by  steadying  the  tihia  on  the  foot,  and  thus  providing  a  fixed 
base  on  w*hicb  the  femiir  can  move.  Such  platycnemic  tihiie  ore  occasionally  met  with  in  the 
more  highly  civilised  races,  and  are,  according  to  Manouvrier,  associated  witn  habits  of  great 
activity  among  the  inhabitants  of  rough  and  mountainous  districts. 

Another  intere-stiug  condition  is  one  in  which  the  upper  extremity  is  more  strongly  recurved 
than  is  usuaL  This  retroversion  of  the  head  of  the  tibia  was  at  one  time  supposed  to  represent 
an  intermediate  condition  in  which  the  knee  could  not  be  fully  extended  so  as  to  bring  tne  axis 
of  the  leg  in  line  with  the  thigh  ;  hut  such  opinion  has  now  been  upset  by  the  researches  of 
Manouvrier,  who  claims  that  it  is  the  outcome  of  a  habit  not  uncommon  amongst  peasants  and 
conntrymeu,  viz.  that  of  walking  habitually  with  the  knees  slightly  bent. 

Haliiiuai  posture  also  leaves  its  impress  on  the  form  of  the  tibia,  and  in  races  in  which  the 
use  of  the  chair  is  unknown,  the  extreme  degree  of  flexion  of  the  knee  and  ankle  necesaitated  by 
the  adoption  of  the  squatting  position  as  an  attitude  of  habitual  rest  is  associated  with  an  increase 
in  the  convexity  of  the  external  condylic  surface,  and  the  appearance,  not  infrequently,  of  a 
pr«sanre  facet  on  the  anterior  borier  of  the  lower  extremity,  which  rests  in  that  position  on  the 
uecfc  of  the  astragalus.     Cases  of  con-  ^        ^.^   .  _   .    .  „ », 

genital  absence  of  the  tibia  have  been  "^^  "'"'  "'"'*  "*""'  '*■**  '"" 

rn^quentlv  described,  amongst  the  most  Uiy  ippeir 

receui  being  thone  recorded  by  Glutton,      ^^f^JfJirtj,     ihSf,F°,'V'v«« 
JoachimBthal,  Bland  Sutton,  and  Waiti!.  ""■    '         »    "       '«"' 

Ossification.^The  shaft  begins  ^ 

to  ossify  early  in  the  second  month  j  ■ 
o!  intrauterine  life.  At  birth  it  IM  ^ 
well  formed,  and  capped  above  and  | 
below  by  pieces  of  cartilage,  in  the  f 
upper  of  which  the  centre  for  the  ] 
superior  epiphysis  has  already  usually  ^ 
made  its  appearance.  From  this  the  5 
tuberosities  and  tubercle  are  de-  ( 
veloped,  though  sometimes  an  inde-  ; 
pendent  centre  for  the  latter  appears  : 
about  the  eleventh  or  twelftli  years, 
rapidly  joining  with  the  already  well- 
developed  masB  of  the  rest  of  the 
epiphvfiia.  Complete  Fusion  between 
the  superior  epiphysis  and  the  shaft 
duesnot  take  place  until  the  twentieth 
or  tlie  twenty-fourth  year.  The  centre 
tor  the  lower  articular  surface  and  the 
iiitemal  malleolus  makes  ita  appearance  about  the  end  of  the  second  year,  and  union 
with  the  shaft  is  nsually  complete  by  the  age  of  eighteen.  Lamberts!  notes  the  occasional 
preaence  of  an  acceaaory  nucleus  in  the  malleolus. 


.t  birth.  About  12  jears. 

Flo.  177. — Ossification  o 


About  16  ytan, 
THE  Tibia. 


The  Fibdla. 

The  fibula,  or  peroneal  bone,  is  a  slender  bone  with  two  enlarged  ends.  It  lies 
to  the  outer  aide  of  the  tihia,  with  which  it  is  firmly  united  by  ligaments,  and  nearly 
equals  that  bone  in  length. 

The  first  difficulty  which  the  student  has  to  overcome  is  to  determine  which  is  the  upper  and 
which  the  lower  extremity  of  the  bone.  This  can  easily  be  done  by  recognising  the  fact  that 
there  is  a  deep  pit  on  the  inner  amect  of  the  lower  extremity  immedialt'ly  behind  the  triangular 
aHicular  aurlace.  Holding  the  bone  vertically  with  the  lower  extwiiiity  downwards  and  ao 
turned  that  the  triangular  articular  area  lies  in  front  of  the  notch  already  spoken  of,  the 
"iibcutaneouH  non-articular  aspect  of  the  inferior  extremity  will  point  to  the  side  to  which  the 
bone  balongi. 

The  superior  extremity  or  head  of  the  fibttla  (capitiiliim  tibulre),  of  irregular 
roanded  form,  ia  bevelled  on  its  inner  surface  so  as  to  adapt  it  to  the  form  of  the 
under  surtace  of  the  external  tuberosity  of  the  tibia.     At  the  border,  where  this 
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surface  becotnee  conflueDt  with  the  outer  aspect  of  the  head,  there  is  a  poioted 
upstanding   eminence    called    the 

I  "       ""^  styloid      procesB     (apex     capituli 

"^'^  fibulie) ;  to  this  the  short  external 
lateral  ligament  is  attached,  as 
well  as  a  piece  of  the  tendon  of  thc 
biceps,  which  is  inserted  into  its 
fore  -  part.  Immediately  to  the 
inner  aide  of  this,  and  occupjiog 
the  summit  of  the  internal  slopiog 
surface,  there  is  an  artlctiUr  ares 
(facies  articularis  capituli),  of  vari- 
able size  and  more  or  less  triangular 
OdJOTE  shape.     This  serves  for  articulatios 

with  the  external  tuberosity  of  the 
tibia.  Tlie  long  external  lateral 
ligament,  together  with  the  re- 
mainder of  the  tendon  of  the  biceps 
muscle  which  surrounds  it,  is  at- 
tached to  the  outer  and  upper  Bide 
of  the  head  in  front  of  the  styloid 
process.  In  front  and  behind  the 
head  there  are  usually  prominent 
'"*"  tubercles.     The  anterior  of  these 

is  associated   with   the   origin  of 
^j     the  peroneus  longus  muscle;  the 
'KLE  posterior,     whilst     furnishing    bd 
origin  for  the  upper  fibres  of  tbf 
soleus,  serves  to  deepen  the  groove, 
behind   the   superior   tibio-tibular 
articulation,  in  which  the  tendon 
and  fleshy  part  of  the  pophteus 
muscle  play.     The  constricted  por- 
tion of  the  shaft  below  the  head 
is  often  referred  to  as  the  neck; 
around  the  outer  side  of  this  the 
external  popliteal  nerve  winda 
^""""'"  The  shaft  of  the  fibula  (corpus 

fibuljE)  presents  many  varieties  of 
shape  and  form,  being  ridged  and 
channelled  in  such  a  way  as  greatly 
to  increase  the  difficulties  of  the 
student  in  recognising  the  various 
surfaces  described.  The  most  im- 
SE£  portant  point  is  first  to  determine 

1 11  the   position    of   the    interosseous 

g  *  g  ridge.      Holding  the  bone  in  the 

1 3  g  ?  position  which  it  normally  occupies 

I S  ^  I  in  the  leg,  it  will  be  noticed  that 

Jgll  B       the  external  surface  of  the  lower 

iimni  '        extremity  is  limited  in  front  and 

"***"  "       behind  by  two  lines,  which,  con- 

verging   above,    enclose    between 
rLKoit  them   a    triangular    subcutaneoux 

area  which  lies  immediately  above 
™''"  the  outer  ankle.  From  the  suniniit 
of  the  triangle  so  formed  a  well- 
defined  ridge  may  be  traced  up  the  front  of  the  shaft  to  reach  the  anterior  aspect 
f  the  head.     This  is  the  anterior  herder,  and  must  not  be  mistaken  for  the  inter- 
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oaeeous  lidge,  which  ia  now  easy  to  find,  for  the  next  ridge  which  lies  immediately 
internal  to  the  anterior  border,  or  towards  the  tibial  side  sntoiD  pnocm 

on  the  anterior  aspect  of  the  bone,  is  the  line  to  which 
the  interosseous  meutbrsne  is  attached.     As  a  rule  these         ^'^"  " 
two  lines  are  separated  by  a  considerable  interval  in  the  , 

lower  half  of  the  bone,  but  tend  to  tun  much  closer 
t4^th«r  above ;  indeed  it  is  not  uncommon  to  find  that 
they  coalesce  to  form  a  single  creat.  Let  it  therefore  be 
clear  that  the  interosseous  line  is  that  which  lies  im- 
mediately internal  to  the  ridge  which  springs  inferiorly 
from  the  malleolar  subcutaneous  triangular  surface,  not- 
Aithatanding  the  differences  in  width  of  the  surface  which 
separates  the  lines,  or  their  occasional  coalescence  above. 
The  position  of  the  interosseous  ridge  enables  us  at 
once  to  separate  the  flexor  aspect  of  the  hone  from  its 
extensor  surface,  using  these  terms  in  relation  to  the 
movements  of  the  ankle. 

The  use  of  these  terms  U  not,  striutly  Bpeaking,  correct,  and 
thev  are  here  used  in  a.  physiological  and  not  in  a  morphological 
eeoiu-.     The  anterior  surface  of  the  leg  ia  the  true  extensor  suifsce, 
mparable  with  the  poateriur  surface  of  the  forearm,  tike 


:b&iige  in  position  having  been  brought  about  developm  en  tally  by 
iiffen^nce  in  the  rolAtion  of  the  limW     Flexion  of  the  ankle,  so 


called,  16  in  reality  an  extensor  movement,  and  corresponds  to 
eitension  at  the  wrist  (See  Humphry,  Joum.  Anat  and  Phytiol., 
voL  xiviii-  p.  16.) 

Ia  addition,  there  is  the  peroneal  surface,  which 
corresponds  to  the  outer  aide  of  the  shaft.  Starting  then 
at  the  interosseous  ridge,  and  passing  forwards  round 
the  outer  side  of  the  shaft,  the  flexor  gnrfoce  is  the  first 
met  with;  this  is  bounded  externally  by  the  anterior 
border,  and,  as  has  been  said,  may  be  either  of  considerable 
width  or  almost  linear.  From  thb  arises  the  extensor 
communis  digitorum,  together  with  the  peroneus  tertius 
and  the  extensor  proprius  hallucis  muscles,  which,  though 
extensors  of  the  toes,  are  also  flexors  of  the  ankle.  i 

The  anterior  border  serves  for  the  attachment  of  the 
intermuscular  septum,  which  separates  the  foregoing 
group  of  muscles  from  that  which  lies  along  the  outer 
side  of  the  shaft,  viz.  the  peroneus  longus  and  brevis 
muscles.  The  surface  from  which  these  arise  is  limited 
behind  by  the  posterior  border,  which  is  usually  sharp 
and  well  defined  below,  where  it  is  continuous  with  the 
bone  immediately  above  the  pit  on  the  inner  surface  of 
the  lower  extremity,  whilst  it  tends  to  be  leas  distinct 
and  more  rounded  above  where  it  runs  into  the  base  of 
the  styloid  process.  In  its  upper  third  or  fourth  this 
border  ia  often  rough  and  tubercular  where  it  serves  for  ^""i 
the  origin  of  the  aoleus.  The  outer  or  peroneal  aurflwe 
is  somewhat  twiated,  being  directed  rather  forwards 
above,  but  tending  to  turn  backwards  below  where  it  *i 

becomes  continnous  with  the  groove  which  courses  along      3  =  5 
the  back  of  the  external  malleolus  and  which  lodges  the      I  ^  t 
tendons  of  the  peroneus  longus  and  brevis  muscles.     The 
remainder  of  the  shaft,  included  between  the  posterior 
border  behind  and  the  interoaseoua  ridge  in  front  and 
internally,   is    the  extensor  surface,  for   here  arise   the 
several  muscles  whose  action  in  part  ia  to  extend  the  ankle.     Thia  surface  is 
cut  up  by  a  curved  ridge  often  the  most  prominent  and  outstanding  on  the  bone. 
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and  hence  frequently  mistaken  by  the  student  for  the  interosseous  ridge ;  it  serves 
to  define  the  area  for  the  origin  of  the  tibialis  posticus,  and  arises  below  from  the 
posterior  border  of  the  interosseous  ridge  at  the  junction  of  the  middle  and  inferior 
thirds  of  the  shaft,  curves  a  little  backwards,  and  passing  upwards  and  obliquely 
forwards  again  joins  the  interosseous  ridge  once  more  in  the  region  of  the  neck. 
This  is  oftentimes  called  the  internal  border  (crista  medialis) ;  and  the  surface  so 
mapped  oflf,  the  internal  surface.  The  ridge  itself  serves  for  the  attachment 
of  the  aponeurosis  which  covers  the  tibialis  posticus  muscle.  The  remainder  of 
the  extensor  aspect  of  the  shaft,  which,  above,  is  directed  backwards,  is  so  twisted 
that  inferiorly  it  is  directed  inwards.  From  this,  in  its  upper  part,  the  soleus 
muscle  arises;  whilst  lower  down,  the  flexor  longus  hallucis  muscle  derives  an 
extensive  origin.  Both  of  these  muscles,  together  with  the  tibialis  posticus,  act  aa 
extensors  of  the  ankle.  On  this  aspect  of  the  bone,  at  or  near  the  middle  of  the 
shaft,  and  just  behind  the  prominent  tibial  ridge,  is  the  opening  of  the  nutrient 
canal,  which  has  a  downward  direction. 

The  inferior  extremity  of  the  fibula,  or  external  malleolus  (malleolus  lateralis), 
is  of  pyramidal  form.  Its  inner  surface  is  I'umished  with  a  triangular  articular 
area  (facies  articularis  malleoli),  plane  from  before  backwards,  and  slightly  convex 
from  above  downwards,  which  articulates  with  a  corresponding  surface  on  the  outer 
side  of  the  body  of  the  astragalus.  Behind  this  there  is  a  deep  pit,  to  which  the 
posterior  fasciculus  of  the  external  lateral  ligament  is  attached.  Above  the 
articular  faceit  there  is  a  rough  triangular  area  on  the  extensor  surface  of  the  shaft, 
from  the  summit  of  which  the  interosseous  ridge  arises ;  hereto  are  attached  the 
strong  fibres  of  the  inferior  interosseous  ligament  which  binds  together  the  opposed 
surfaces  of  the  tibia  and  fibula.  The  external  surface  of  the  inferior  extremity 
forms  the  elevation  of  the  external  malleolus  which  determines  the  shape  of  the 
projection  of  the  outer  ankle.  Rounded  from  side  to  side  and  from  above  down- 
wards, it  terminates  below  in  a  pointed  process,  which  reaches  a  lower  level  than 
the  corresponding  process  of  the  tibia,  from  which  it  also  differs  in  being  narrower 
and  more  pointed  and  being  placed  in  a  plane  nearer  the  heel.  Superiorly,  this 
surface,  which  is  subcutaneous,  is  continuous  with  the  triangular  subcutaneous  area 
so  clearly  defined  by  the  convergence  above  of  the  lines  which  unite  to  form  the 
anterior  border.  The  anterior  border  and  tip  of  the  external  malleolus  furnish 
attachments  to  the  anterior  and  middle  bands  of  the  external  lateral  ligament  of 
the  ankle.  The  posterior  surface  of  the  external  malleolus,  broad  above,  where 
it  is  confluent  with  the  peroneal  or  external  surface,  is  reduced  in  width  below 
by  the  presence  of  the  pit  which  lies  to  its  inner  side.  This  aspect  of  the 
bone  is  grooved  (sulcus  malleolaris)  by  the  tendons  of  the  peroneus  longus  and 
brevis  muscles,  which  curve  round  the  posterior  and  lower-pointed  aspect  of  the 
malleolus.  The  proportionate  length  of  the  fibula  to  the  body  height  is  as  1  is  to 
4-37-4-82. 

Arterial  Foramilia. — Numerous  minute  vascular  caoals  are  seen  piercing  the  outer  surface  of 
the  head,  and  one  or  two  of  larger  size  are  seen  on  the  inner  surface  immediately  in  front  of  the 
superior  articular  facet  The  canal  for  the  nutrient  artery  of  the  shaft,  which  has  a  downward 
direction,  is  situated  on  the  back  of  the  bone  about  its  middle.  The  outer  surface  of  the  external 
malleolus  displays  the  openings  of  many  small  canals,  and  one  or  two  larger  openings  are  to  be 
noted  at  the  bottom  of  the  pit  behind  the  inferior  articular  surface. 

Oonnexions. — The  head  and  external  malleolus,  and  part  of  the  shaft  immediately  above  the 
latter,  are  subcutaneous.  The  remainder  of  the  shaft  is  covered  on  all  sides  by  the  muscles  which 
surround  it  Superiorly  the  bone  plays  no  part  in  the  formation  of  the  knee-joint,  but  inferiorly 
assists  materially  in  strengthening  the  ankle-joint  by  its  union  with  the  tibia  and  its  articulation 
with  the  astragalus.  In  |)osition  the  bone  is  not  parallel  to  the  axis  of  the  tibia,  but  oblique  to 
it,  its  upper  extremity  lying  posterior  and  external  to  a  vertical  line  passing  through  the  external 
malleolus. 

Architecture. — A  medullary  canal  luns  throughout  the  length  of  the  shaft,  reaching  as  high 
as  the  neck  above,  and  extending  as  low  as  a  point  about  2^  incnes  above  the  inferior  extremity 
of  the  external  malleolus.  The  outer  wall  of  the  shaft  is  usually  considerably  thicker  than  the 
inner.  The  head  is  formed  of  loose  cellular  bone,  enclosed  within  a  very  thin  dense  envelope.  The 
spongy  tissue  of  the  lower  extremity  is  more  compact,  and  acquires  considerable  density  on  the 
surfaces  underlying  the  articular  area  and  the  pit  behind  it.  The  canal  for  the  nutrient  artery  of 
the  shaft  opens  into  the  medullary  cavity  about  an  inch  below  its  external  aperture. 


THE  ASTRAGALUS. 


239 


Fig.  180.— OssiKic 


Ossification. — The  shaft  begins  to  oagify  about  the  middle  of  the  second  month  of 

fteul  life.     At  the  end  of  the  thini  muutli  there  is  but  little  difference  in  size  between  it 
and  the  tibia,  and  at  birth  the  fibula  is  much 
larger  iu  proportion  to  the  aiz.e  of  the  tibia  than 
in  the  adult.     Its  extremities  are  cartilaginouB, 

the  lower  extremity  not  being  as  long  as  the  , 

internal  malleolar  cartilage  of  the  tibia.     It  is  in  ! 

this,  however,  that  an  oeailic  centre  first  appears  \ 

about  the  end  of  the  second  year,  which  iucreases  ' 

rapidly  in  siie,  and  unites  with  the  shaft  about  S 

nineteen   years.      The  centre   for   the  superior  | 

epiphysis  begins   to  ossify  about    the   third  or  v 

fourth  year,  and  union  with  the  abaft  is  not  ^ 

complete   until  a  period    somewhat   later  than  « 

that    for  the  inferior  epiphysis.     The  mode  of  s 

os^ilication  of  the  lower  extremity  is  an  exception  .1 
to  the  general  rule  that  epiphyses  which  are  the 
first  to  ossify  are  the  last  to  unite  nith  the  shaft. 

In  its  earlier  stages  of  development  it  tiaa  been 
ilati^,  on  the  authority  of  Leboucq,  Qegenbanr  ' 
and  olhen,  that  t!ie  fibula  as  well  as  t^e  tibia  is  in 
(■■mtact  with  the  femur.  Thia  is,  however,  denied  by 
Unmbaum  ("Proc  Auat.  Soc,"  Joum.  Anat  and 
rhuinol,,  ToL  xivi.  p.  22),  who  Btatea  that  after  the 
•iith  week  the  fibula  ia  not  in  contact  with  the 
frniiii-,  and  that  prior  to  that  date  it  is  impossible 
to  differentiate  tne  tisane  which  is  to  form  femur 
from  that  which  forms  fibula. 

VuiatioilB- — The    fibula   may  be   ridged   and 
grooved  in  a  renisrkable  manner,  aa  is  the  oatie  iu  many  bones  of  prehistoric  races.    This  is 
probably  associated  with  a  greater  or  perhaps  more  active  devi-lopment  of  the  muscles  attached 

The  superior  articular  facet  varies  much  in  size.  Bennett  (DuMin  Joum.  Med.  Sc,  Aug. 
1S91)  records  a  case  in  which  it  was  double,  and  also  notes  the  occurrence  of  spt-ciraens  in  which 
it  was  absent  and  in  whii^h  the  head  of  the  bone  did  not  reach  as  high  aa  the  tibial  tuberosity. 

Many  instances  of  partial  or  complete  absence  of  the  bone  have  been  published.  (Lef^bre, 
Contrihulion  A  I'itude  de  t'abttnce  rong/nitale  da  pcroni,  Lille,  1695.) 

BONES  OP  THE  FOOT. 

The  bones  of  the  foot,  twenty-six  in  number,  are  arranged  in  three  groiipB:  the 
tarsal,  seven  in  number ;  the  metatarsal,  five  in  number ;  the  phalanges,  fourteen 
in  number. 

Comparing  the  foot  with  the  hand,  the  student  will  be  struck  with  the  great  pro- 
[mrtionate  size  of  the  tarsus  as  compared  with  the  carpus,  and  the  reduction  in  size 
of  the  bones  of  the  toes  as  compared  with  the  fingers.  The  size  of  the  metatarsal 
^^eguient  more  nearly  equals  that  of  the  metacarpus. 

The  Tarsus. 

The  tarsus  (ossa  tarsi)  consists  of  seven  bones — the  astragalus,  os  calcis,  navi- 
cular or  scaphoid,  three  cuneiforms,  and  the  cuboid.  Of  irregular  form  and  varying 
size,  they  may  'Ije  described  as  roughly  cubical,  presenting  for  examination  dorsal 
and  plantar  surfaces  as  well  as  anterior,  posterior,  internal,  and  external  aspects. 

ThK  ASTRiQALUS. 

The  astra^ns  (talus)  is  the  bone  through  which  the  body  weight  is  trans- 
mitted from  the  leg  above  to  the  foot  below.  Superiorly  the  tibia  rests  upon  it, 
whilst  on  either  side  it  articulates  with  the  internal  and  external  malleolar  processes 
of  the  tibia  and  fibula  respectively ;  inferiorly  it  overlies  the  os  calcis,  and  anteriorly 
it  articulates  with  the  navicular.  For  descriptive  purposes  the  bone  is  divisible  into 
two  parts — the  body  (corpus  tali)  blended  in  front  with  the  neck  (oollum  tati), 
which  supports  the  h«kd  (caput  tali). 
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The  ■upper  swrfaee  of  the  body  is  provided  with  a  aaddle-sliaped  articular  surface 
(trochlea  tali),  broader  in  front  than  behind,  for  articulation  with  the  under  surface 
of  the  tibia.  The  inner  edge  of  the  trochlea  is  straight ;  whilst  the  outer  border, 
which  18  sharp  in  front  and  more  rounded  behind,  is  curved  inwards  poatt'riorly, 

where  it  is  lievelled  to 
form  a  narrow,  elon- 
gated, triangular  facet, 
which  is  in  contact  with 
the  transverse  or  iii- 
ferior  tibio-fibular  liga- 
ment during  flexion  of 
the  ankle  (Fawcett,  £if. 
Med.  Journ.,  1895 . 
Over  the  outer  border 
the  cartilage  -  covert^ 
surface  is  continuous 
externally  with  au  ex- 
tensive area  of  the  form 
of  a  quadrant.  This  is 
concave  from  above 
c  downwards,  and  articu- 

lates with  the  inner 
!|i  surface  of  the  fibular 
I  malleolus.  The  inferior 
5  angle  of  this  area  is 
"  prominent  and  some- 
what everted,  and  some- 
times referred  to  as  the 
eztemal  process  (proces- 
sus laterahs  tali).  The 
inner  aspect  of  the  body 
V.  HnATjt  has   a    comma-shape<l 

facet,  confluent  with 
the  superior  articular 
surface,  over  the  inner 
edge  of  the  trochlea : 
this  articulates  with 
the  outLT  surface  of  the 
tibial  malleolus.  la- 
ferior  to  this  facet  the 
bone  isroughand  pitted 
by  numerous  sinall 
ope  niugs.andjustbelow 
the  tail  of  the  comma 
there  is  a  circular  im- 
pression for  the  attach- 
ment of  the  deep  fibres 
of  the  internal  lateral 
ligament.  On  the  I'n- 
f trior  surface  of  the 
body  there  is  a  deep 
THiRDoitiEiiiiiB.LPHALis.  concavB    fdcet,    called 

fiuet  (facies  calcaiiea 
articularis  posterior),  which  is  of  more  or  le.sa  oval  or  oblong  form  and  is  placed 
obliquely  from  behind  forwards  and  outwards;  this  rests  upon  a  corresponding 
surface  on  the  upper  aspect  of  the  os  calois.  In  front  of  this,  and  crossing  the 
bone  from  within  outwartls  and  forwards,  is  a  deep  tnrrow  (sulcus  tali),  the  floor  of 
'hich  is  pierced  by  numerous  large  canals.     It  serves  for  the  attachment  of  the 
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strong  interosseouB  ligament  which  unilee  the  astn^luB  with  the  os  calcis,  and 
separates  the  facet  ah-eady  described  from  a  smaller  oval  articular  area  having  a 
ahghtly  convex  sarface,  which  lies  immediately  in  front  of  it.     This  is  called  the 
middlfl  calcaaaan  &cet  (facies  articularis  calcaaea  media),  and  articulates  with  the 
upper  surface  of  the 
sustentaculum    tali 
of    the    OS    calcia. 
Posteriorly  the  body 
ia  provided  with  two 
tubercles,  separated 
by    a    groove ;    the 
external     of     these 
(processus  posterior 
tali)  ia  usually  the       bosteb 
larger,  and  is  occa- 
sionally   a   separate 
ossicle  (ostrigonum). 
To  it  is  attached  the 
posterior    fasciculus 
of      the      external 
lateral   ligament  of  j. 

the  ankle-joint.  The  "f  k'  Dmrou 

groove,  whicli  winds  t«bb*l 

obliquely  from  above 
downwards  and  in- 
wards over  the  pos-  ^l 
tenor  surface  of  the 
bone,  lodges  the 
tendon  of  the  flexor 
longus  hallucis 
muscle. 

The  bead  (caput 
tali),  of  oval  form,  is  HETATineii. 

directed  forwards 
and  inwards.  Its 
anterior  surface  is  BMmom 
convex  from  side  to 
side  and  from  above 
downwards,  and  ar- 
ticulates with  the 
navicular  bone 
(fociee  articularis 
navicularis).  In  - 
feriorly  this  surface 
is  confluent  with  the  pibot  m. 
middle  calcanean 
facet,  but  in  well- 
marked  specimens, 
or  when  the  bones 
are  articulated,  it 
will  be  seen  that  a 

small  area  in  front  ,^^^^  ^^  iew,.».l  j-uamsx 

of,  and  external  to,  j.,g_  jgj.^BosBs  op  tbe  right  Foot  *s  srem  fixob  bblow. 

the  middle  calcanean 

facet  rests  upon  an  articular  surface  on  the  upper  part  of  the  tore  portion  of  the 
OB  calcis,  and  is  called  the  anterior  calcanean  facet  (facies  articularis  calcanea 
anterior).  To  the  inner  and  under  surface  of  the  head  there  is  a  cartilage-covered 
surface  which  does  not  articulate  with  any  bone,  but  rests  on  the  upper  surface 
of  the  inferior  calcaneo- navicular  ligament,  and  is  supported  on  the  inner 
17 


Bide  by  the  tendon  of  the   tibialis  poaticuB  muscle   (Faweett,  Ed.   Med.  Joun 
1895,  p.  987> 


PlO.  183- 
A.    Upjier  Surfice. 


-Tub  Riuht  AsnuaiLUH. 


The  neck  (collum  tali),  bcBt  seen  above,  paases  from  the  front  of  the  body  and 
irtcliDea  towards  the  inner  side.     It  is  confluent  with  the  inner  surface  in  front  of 


the  internal  malleolar  facet,  and  ext«raally  forms  a  wide  groove,  which 
continuous  inferiorly  with  the  outer  end  of  the  interosseous  groove. 
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Tuiati<aiS. — The  anterior  is  sometimes  sejuratai  from  lL<i  middle  i:Atcaueau  facet  by  a  non- 
articular  furiow.  The  posterior  external  tu))ercle,  often  Ur^ly  developed,  ia  occasional!]'  (i-6 
p«r  cent)  a  separate  oeeicle  forming  what  is  known  an  the  os  trigonum  (Bardeleben) ;  or  it  may  be 
united  to  the  Ixidy  of  the  astragalus  by  a  distinet  synchoiidroeis.  A  smooth  articular  surface  may 
occasionally  be  found  on  the  outer  side  of  the  upper  surface  of  the  neck.  This  in  a  pressure  facet 
depiendent  on  the  frequent  use  of  the  ankle-joint  in  a  condition  of  extreme  flexion,  and  is  caused 
by  the  opposition  of  tne  lx»ne  against  the  anterior  edge  of  the  lower  end  of  the  tibia. 

Fpr  a  detailed  study  of  the  varieties  of  this  bone,  see  B.  B.  S.  Sewcll  (Joiim.  Aiuil.  and  PhyaioL, 

The  Os  Calcis. 

The  OS  oalcis  (calcaneus)  is  the  largeat  of  the  tarsal  bones.  It  supports  the 
astragalus  above  and  articulates  with  the  cuboid  in  front.  Inferiorly  and  behind,  its 
posterior  extremity  or  tuberosity  forms  the  heel  on  which  so  large  a  proportion  of 
the  body  weight  resta  The  long  axis  of  the  bone  inclines  forwards  and  a  little 
outwards. 

The  upper  surface  of  the  os  calcis  is  divisible  into  two  parts — a  posterior  non- 
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articular  part  and  an  anterior  articular  portion.  The  length  of  the  former  varies 
according  to  the  projection  of  the  heel ;  rounded  from  side  to  side,  it  is  slightly  con- 
cave from  before  backwards.  In  front  of  this  there  is  a  convex  articular  area  of 
variable  shape  (faciea  articularis  posterior),  sometimes  nearly  circular,  at  other  ttmea 
oval  and  occasionally  almost  triangular.  This  is  directed  upwards  and  forwards, 
and  articulates  with  the  posterior  calcanean  facet  on  the  under  surface  of  the  astra- 
galus. Anterior  to  this  facet  the  bone  is  deeply  excavated,  forming  a  fossa  from 
which  a  groove  (sulcus  calcanei)  leads  backwards  and  inwards  around  the  antero- 
internal  border  of  the  articular  surface.  When  the  ns  calcis  is  placed  in  contact 
with  the  astragalus,  this  groove  coincides  with  the  sulcus  on  the  under  surface  of 
the  latter  bone,  and  so  forms  a  canal  or  tunnel  (sinus  tarsi)  in  which  the  strong 
interosseous  ligament  which  unites  the  two  bones  is  lodged.  To  the  front  and  inner 
side  of  this  groove  there  is  an  elongated  articular  facet  directed  obliquely  from 
behind  forwards  and  outwards,  and  concave  in  the  direction  of  its  long  axis.  This 
is  frequently  divided  into  two  smaller  oval  areas  by  an  intermediate  non-articnlar 
surface.  Of  these  facets  the  hinder  (facies  articularis  media)  articulates  with  the 
middle  calcanean  facet  on  tbe  under  surface  of  the  astragalus,  whilst  the  anterior 
(faciea  articularis  anterior)  supports  the  under  surface  of  the  head  of  the  astragalus 
(facies  articularis  calcanei  anterior).     The  outer  side  of  the  upper  surface  of  the 


244 


OSTEOLOGY. 


n  from  tbe  Outer  Side. 


anterior  extremity  of  the  bone  la  rough,  and  hereto  is  attached  the  origin  of  the 
short  extensor  muscle  of  the  toes. 

The  inferior  surfcLce  of  the  boue  Is  slightly  concave  from  before  backwards,  and 
convex  from  side  to  side.  The  under  aspect  of  the  tuberosity  is  provided  with  two 
tnbercles,  an  inner  (processus  medialis  tuberis  calcanei)  aud  an  outer  (processus 
lateralis  tuberis  calcanei),  of  which  the  former  is  the  larger.  From  this  the  short 
flexor  of  the  toes  and  the  abductor  hallucis  muscle  arise,  whilst  from  both  tubercles 
ppring  the  fibres  of  origin  of  the  abductor  minimi  digiti  muscle.  On  the  fore-part 
of  the  under  surface  there  is  an  elevated  elongated  tubercle,  which  terminates 
somewhat  abruptly  just  behind  the  anterior  border  of  this  aspect  of  the  bone, 
FicETa  FOR  iBTRioiLDs  S'^i^S  '"'^  ^^  tlmes  to  a  notch. 

. ■ ,  From    the    former   spring   the 

''""  """'  fibres  of  the  long  plantar  liga- 

ment,  whilst  the  latter  serves 
for  the  attachment  of  the  deeper 
fibres  of  the  short  plantar  liga- 
ment.    The  two  heads  of  origin 
ji   of  the  flexor  accessoriiis  muscle 
I   arise  I'rom   the  bone  on  either 
u   side  of  the  long  plantar   Uga- 
ment     The  internal  surface  of 
the   OS    calcis    is    crossed    ob- 
liquely, from  above  downwards 
and  forwards,  by  a  broad  groove 
ExTEHHJiL  TUBiKCLE  ^^   considerable   depth ;    along 

A  this  pass  many  of  the  structures 

which  enter  the  sole  of  the  foot 
from  the  back  of  the  leg.  The 
groove  is  overhung  in  front  and 
above  by  a  projecting  bracket- 
like process,  called  the  snstes- 
taculum  tali,  or  lesser  process. 
The  under  surface  of  the  sus- 
tentaculum is  channelled  by  a 
groove,in  which  islodged  the  ten- 
don of  the  flexor  longus  haUucis 
C  muscle ;  whilst  its  inner  border, 
I  to  which  is  attached  a  part  of 
g  the  internal  lateral  ligament  of 
the  ankle,  is  overlain  by  tendon 
of  the  flexor  longus  digitoruui. 
To  the  anterior  border  of  the 
^^  sustentaculum  is  attached  the 
inferior  caluaneo- navicular  liga- 
ment, and  placed  on  its  upper 
surface  is  the  articular  facet 
already  alluded  to  (facies  articu- 
laris  media).  Posteriorly  the  internal  surface  of  the  boue  is  limited  inferiorly  by  the 
projection  of  the  internal  tubercle,  and  above  by  the  internal  lipped  edge  of  the 
tuberosity. 

The  external  surface,  l>road  behind  and  narrower  in  front,  is  of  flattened  form. 
Springing  from  it,  just  below  the  outer  end  of  the  sinus  tarsi,  is  the  peroneal  spine 
(processus  trochlearis),  often  indistinctly  marked.  To  this  the  fibres  of  the  ext«rnal 
annular  ligament  are  attached ;  whilst  in  grooves,  above  and  below  it,  pass  the 
tendons  of  the  peroneus  brcvis  and  longus  muscles  respectively.  To  the  upper 
and  back  part  of  this  surface  are  attached  the  fibres  of  the  middle  fasciculus  of  the 
external  lateral  Ligameut  of  the  ankle. . 

The  anterior  extremily,  sometimes  called  the  greater  process,  is  furnished  with  a 
saddle-shaped  surface  on  its  anterior  aspect  for  articulation  with  the  cuboid.     This 


B.  Aa  seen  from  tbe  Inner  Side, 
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facet  is  concave  from  above  downwards,  and  slightly  convex  from  side  to  side ;  its 
edges  are  sharpty  defined,  except  interually,  and  serve  for  the  attachment  of 
ligamenta 

The  posterior  extremity,  called  the  tuberosity  (tuber  calcanei),  forms  the 
projection  of  the  heel.  Of  oval  form  and  rounded  surface,  it  rests  upon  the  two 
tubercles  inferiorly.  Its  cutaneous  aspect  is  divisible  into  three  areas.  Of  these 
the  highest  is  smooth  and  crescentic,  and  is  covered  by  a  bursa ;  the  intermediate 
is  also  fairly  smooth,  and  is  defined  inferiorly  by  an  irregular  line,  sometimes  a 
definite  ridge,  the  edges  of  which  are  striated.  Into  this  surface  the  tendo  Achillis 
is  inserted.  The  lowest  surface  is  rough  and  striated,  and  is  confluent  below  with 
the  internal  and  external  tubercles ;  this  ie  overlain  by  the  dense  layer  of  tissue 
which  forms  the  pad  of  the  heel. 

VariationB. — The  peroneal  tubercle  is  occaBionally  unduly  proniinent,  canelittittiig  the  eub- 
malleolar  apophysis  oi  Hyrtl,  and  caxes  are  recorded  of  the  oe  calcia  articulating  with  the 
aa\-icnlar  (Moreetin,  H.,  Ball  de  la  Soc  Anat.  de  Paris,  1894,  ser.  v.  L  8,  a  24,  p.  798 ;  and 
Petrini,  Alti  del  XL  Conffr.  Mtd.  /nfemoz.  Roma,  1894,  vol.  ii., "  AnaL"  p.  71).  Pfitzner  {Morpho- 
U>gi»eh«  Arbeiten,  voL  vi  p.  245)  al«o  recorda  the  separation  of  the  Biiflientacutiim  tali  to  forni  an 
m  BLut«utaculi.      (See  also  P.  P.  Laidlaw,  Joum.  Anal,  and  Phyiiol.,  vol.  iixviii  p.  133.) 

The  NAVIC0LAB  Bone. 

The  navicular  or  Bcaphoid  bone  (os  naviculare  pedis),  of  compressed  pyriform 
shape,  is  placed  on  the  inner  side  of  the  foot,  between  the  head  of  the  astra^lus 
posteriorly  and  the  three  cuneiform  bones  aDteriorly.     The  bone  derives  its  name 
from  the  oval  or  boat- 
shaped    hollow   on    its  Km  ""    '^'■''°""" 
posterior  swrface,  which                                                  ™'^' 
rests  upon  the  head  of                                                      g 
the      astragalus.        Its                                                     t 
anterior  aspect   is   fur-                                                      | 
nished  with  a  semilunar                                                      c 
articular  area,  which  is                                                            £ 
auMivided  by  two  faint                                                      | 
ridgesioto  three  wedge-  tubebosiit    for  HrAFoK  .BiRAOALUi      i 
shaped  facets  for  articu-                                                      | 

lation  from  within  out-  a  "  B       '  "'"^''" 

wards  with  the  internal, 
middle,  and  external 
cuneiform  bonea  Su- 
periorly the  surface  of  the  bone,  convex  from  side  to  side,  is  rough  for  the 
attachment  of  the  ligaments  on  the  dorsal  aspect,  of  the  foot.  Inferiorly  the 
bone  ia  irregularly  concave,  and  marked  by  the  attachment  of  the  plantar  liga- 
ments. The  external  surface  is  narrow  from  before  backwards,  and  rounded  from 
above  downwards.  Usually  devoid  of  any  articular  surface,  it  is  occasionally  provided 
with  a  facet  which  rests  upon  a  corresponding  area  on  the  cuboid.  The  inner  side 
of  the  bone  projects  Iwyond  the  general  line  of  the  inner  border  of  the  foot,  so  as  to 
form  a  thick  rounded  tubercle  (tuberositas  oss.  navicularis),  the  position  of  which 
can  be  easily  determined  in  the  living.  To  the  inner  and  under  surface  of  this 
process  an  extensive  portion  of  the  tendon  of  the  tibialis  posticus  muscle  is 
inserted. 

Vatistions. — Cas«fl  are  recorded  where  the  tubercle  has  formed  an  independent  oeside. 

Thk  Cuneiform  Bones. 

The  cuneiform  bones,  three  in  number,  are  placed  between  the  navicular 
posteriorly  and  the  bases  of  the  first,  second,  and  third  metatarsal  bones  anteriorly, 
for  which  reason  they  are  frequently  named  the  first,  second,  and  third  cuneiforms, 
or,  from  their  position,  internal,  middle,  and  external,  ^lorc  or  less  wedge-shaped, 
as  their  name  implies,  the  internal  or  first  is  the  largest,  whilst  the  middle  or 
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second  is  the  Bmallest  of  the  group.     Combined,  they  form  a  compact  maaa,  the 

proximal  surEnce  of  which,  fairly  regular  in  outline,  rests  on  the  anterior  surface  of 

[i  McTAT.MiL  '^^  navicular ;  whilst  anteriorly  they  form  a  ba»e 

of  support  for  the  three  inner  metatarsals,  the 

jii  outline  of  which  is  irregular,  owing  to  the  base 

of   the   second  metatarsal   bone   being   receesed 

between  the  inuer  and  outer  cuneifonns  as  it 

articulates   with   the    distal    extremity   of   the 

shorter  middle  cuneiform. 

The  iDternal  cuneiform  bone  (os  cuneifonne 
primum),  the  lai^est  of  the  three,  lies  on  the  inner 
,1  border  of  the  foot  between  the  base  of  the  meta- 

tarsal bone  of  the  great  toe  in  front,  and  the  fore 
and   inner   part  of  the  navicular   tehind.     Its 
upper,  lower,  and  internal  surfaces  are  confluent, 
''?„a7Xr"JSZSVr"   «n1  t«™  «  "-"Xi'y  from  above  downward., 
which  18  most  pronounced  interiorly,  where  it  is 
turned  towards  the  plantar  side  of  the  foot.     On  the  fore-part  of  the  inner  aspect 
of  the  bone  there  is  usually  a  distinct  oval  impression,  which  indicates  the  surface 
of  insertion  of  a  portion  of  the  tendon  of  the  tibialis  anticus  muscle.     Elsewhere 
this  surface  is  rough  for  ligamentous  attachments.     The  external  surface  of  the 
bone,  quadrilateral  ,,  ]y„,,,^„t 

in  shape.is  directed  h—- '■■■—""— ■  I 

towards  the  middle 
cuneiform ;  but  as 

it    exceeds    it    in      i  ^ 

length,  it  also  comes  't  g 

in  contact  with  the  i  ? 

inner  side   of  the  s 

base  of  the  second   im  in 

metatarsal  bone.  ™ 
Running  along  the 
posterior  and  upper 
edges  of  this  area 
is  an  r-shaped  ar- 
ticular surface,  the  fore  and  upper  part  of  which  is  for  the  base  of  the  second 
metatarsal  bone,  the  remainder  articulating  with  the  inner  side  of  the  middle 
cuneiform.  The  non-articular  part  of  this  aspect  of  the  bone  is  rouf;h  for  the 
attachment  of  the  strong  interosseous  ligaments  which  bind  it  to  the  middle 
cuneiform  and  second  metatar.sal  bones  respectively.  The  posterior  or  j?roximal 
end  of  the  bone  is  provided  with  a  pyri- 
NTERN*!.  KiTCRNAU .rsEipoRH  ^^^^  j.^^^^  which  fits  ou  thc  inucr  articular 

area   of  the   navicular.      Anteriorly   the 
'  vertical  diameter  of  the  bone  is  much  in- 
creased, and  the  facet  for  the  base  of  the 
metatarsal  bone  of  the  <.'reat  toe  is  con- 
sequently much  lurger  than  that  for  the 
navicular.     The  metatarsal  facet  is  usually 
of  semilunar  form,  but  not  infrequently 
II.  iiETATaBSAL  jg  jjjQ,.g  renifiirm   in  shape,  and   may  in 
Fiu.  iBa.— The  Rcuht  Fen.  193.— Thk  Ri':ht  ^ome   cases   display   complete   separation 

Srsiae?'"''""  "'"wi' suieT""*""'  i°to  two  oval  portions. 

The  middle  or  second  ctmeiform  (os 
cuneiforme  secundum)  in  of  a  typical  wedge  sha(>e ;  shorter  than  the  others  it 
lies  betweeu  them,  articulating  with  the  ba^e  of  tlie  second  metatarsal  in  front, 
and  the  middle  facet  ou  the  anterior  surface  of  the  navicular  behind.  Its  upper 
aspect,  which  correspuuils  to  the  base  of  the  wedge,  conforms  to  the  roundness  of 
the  instep,  and  is  slightly  convex  from  side  to  side,  attbrding  attachments  for  the 
dorsal  Ugamenta     Its  imder  surface  is  narrow  and  tubercular,  forming  the  edge 
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of  the  wedge ;  with  this  the  plantar  ligaments  are  coooected.  The  inner  sv/rface, 
quadrilateral  in  outline,  le  furnished  with  an  T-shaped  articular  area  along  its 
posterior  and  superior  borders  in  correspondeace  with  the  similar  area  on  the  outer 
side  of*  the  internal  cuneiform.  The  rest  of  this  aspect  is  rough  for  ligaments. 
The  ovier  side  displays  a  facet  arranged  along  its  posterior  border,  and  usually 
somewhat  constricted  in  the  middle ;  this  is  for  the  external  cuneiform.  In  front 
of  this  the  bone  is  rough  for  the  interosseous  ligaments,  which  bind  the  two  bones 
U>gether.  The  proximal  end  is  provided  with  a  triangular  facet  slightly  concave 
from  above  downwards ;  this  rests  on  the  central  articular  surface  on  the  anterior 
aspect  of  the  navicular.  In  front  the  bone  articulates  by  means  of  a  wedge- 
shaped  facet  with  the  base  of  the  metatarsal  boue  of  the  second  toe. 

The  external  or  third  cuneiform  (os  cuneiforme  tertium)  intermediate  in  size 
between  the  first  and  second,  is  also  of  a  typical  wedge  shape.  Its  superior  surface, 
slightly  convex  from  side  to  middlb coBiironii  ciuom     rv  sietjit*iisal 

side,  provides  attachments  for 
the    dorsal    ligament&       Its 

inferior  or  plantar  aspect  is   ^  g 

narrow  and   tubercular,  and   I  | 

serves  for  the  attachment  of  ^  % 

the  plantar    ligaments.      Its  ^  ^' 

inner  side,  of  quadrilateral  ^ 
form,  displays  two  narrow 
articular  strips,  placed  along 
its  anterior  and  posterior 
borders  respectively,  each 
somewhat  constricted  in  the  middle.  The  anterior  articulates  with  the  outer 
aide  of  the  base  of  the  second  metatarsal  bone,  the  posterior  with  the  outer  side  of 
the  middle  cuneiform.  The  rough  non-articular  surface,  which  separates  the  two 
elongated  facets,  serves  for  the  attachment  of  ligaments.  The  outer  aspect  of  the 
bone  is  characterised  by  a  large  circular  or  oval  facet,  placed  near  its  hinder  border, 
for  articulation  with  the  cuboid ;  in  front  of  this  the  anterior  border  is  lipped  above 
by  a  small  semi-oval  facet  for  articulation  with  the  inner  side  of  the  base  of  the 
fourth  metatarsal  The  rest  of  the  bone  around  and  between  these  facets  is  rough 
for  lijjaments.  Proximally  the  bone  is  furnished  with  a  triangular  facet  for 
articulation  with  the  outer  wedge-shaped  area  on  the  front  of  the  navicular,  whilst 
distally  it  articulates  with  the  base  of  the  third  metatarsal  by  a  surface  of  corre- 
sponding shape. 

Variations. — Nunieroiis  casea  of  division  of  the  internal  cnneifonu  bone  into  dorsal  and 

Sl&atar  parts  have  been  recflrded  ;  the  fre<]uent  division  of  its  metatatital  articular  facet  is  no 
oubt  correlated  witli  this  anomalous  condition.  T.  Dwight  has  described  {Anal.  Anz.,  vol  zx. 
p.  465)  in  two  instanees  iLe  occurrence  of  an  Os  In tercunei forma  The  oaaicle  so  named  ties  on 
the  dorsum  of  the  foot  at  the  proximal  end  of  the  line  of  articulation  between  the  internal  and 
middle  cuneiform  bones. 

The  Cuboid  Bone. 

The  cuboid  (os  cuboideum)  lies  on  the  outer  side  of  thu  foot,  about  its  middle, 
articulating  with  the  os  calcia  I'ehind  and  the  fourth  and  fifth  metatarsal  bones  in 
front.  Its  vpptr  surface,  plane  in  an  an tero -posterior  direction,  is  slightly  rounded 
from  side  to  side,  and  provides  attachment  for  ligaments.  Its  plantar  aspect  is 
traverwed  obliquely  from  without  inwards  and  forwards  by  a  thick  and  prominent 
ridge,  the  outer  extremity  of  which,  at  the  point  where  it  is  confluent  with  the 
outer  surface,  forms  a  prominent  tubercle  (tuberositas  oss.  cuboidei),  the  anterior 
and  external  surface  of  which  is  smooth  and  faceted  to  allow  of  the  play  of 
a  sesamoid  bone  which  is  frequently  developed  in  the  tendon  of  the  peroneus 
lungus  muacle.  In  front  of  this  ridge  there  is  a  groove  (sulcus  peronsei)  in 
which  the  tendon  of  the  peroneus  longus  muscle  is  lodged  as  it  passes  across  the 
under  surface  of  the  bone.  Behind  the  ridge  the  bone  is  rough,  and  serves  for 
the  attachment  of  the  short  pkntar  ligament,  the  superficial  fibres  of  which  pass 
forwards  and  are  attached  to  the  summit  of  the  ridge.     The  outer  aspect  of  the  bone 
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ia  short  and  rounded,  and  is  formed  b^  the  confluence  of  the  superior  and  inferior 
surfaces ;  it  ia  more  or  less  notched  by  the  peroneal  groove  which  turns  round  ita 
lower  edge.  The  internal  surface  of  the  bone  is  the  most  extensive ;  it  is  easily 
recognisable  on  account  of  the  presence  of  a  rounded  or  oval  facet  situated  near  its 

N»Yict't.H  middle  and  close 

to  itsupper  border. 
t  This  is  for  articu- 

i      t  s   l&tioQ     with     the 

i      £  I   outer  aide  of  the 

t      '.  s   external       cunei- 

X     -  form ;  in  front  and 

=•'  behind     this    tlie 

surface    is    rough 
I't  for  ligaments.  Not 

T"""  f  moHiua  LowiuB   ^  infrequently     be  - 

hind  the  facet  for 
the  external  cunei- 
form   there    is    a 

small  articular  surface  for  the  navicular,  as  is  the  case  normally  In  the  gorilla,  whilst 
behind  and  below  the  projecting  inferior  angle  ia  sometimes  provided  with  a  facet 
on  which  the  head  of  the  astragalus  rests  (Sutton,  "  Proc.  Anat.  Soc.,"  Jour.  Anat. 
and  Physiol.,  vol.  xxvi.  p.  18).  The  anterior  sw/aee  is  oval  or  conical  in  outline; 
sloping  obliquely  from  within  outwards  and  backwards,  it  is  divided  about  ils 
middle  by  a  slight  vertical  ridge  into  two  parts,  the  inner  of  which  articulates  with 
the  base  of  the  fourth  metatarsal  bone,  the  outer  with  that  of  the  fifth.  The 
posterior  siir/are,  also  articular,  haa  a  semilunar  outline,  the  convex  margin  of  which 
corresponds  to  the  dorsal  roundness  of  the  bone.  The  inferior  external  angle  corre- 
sponds to  the  tubercle  on  the  outer  border  of  the  bone,  whilst  the  inferior  internal 
angle  forms  a  pointed  projection  which  ia  sometimes  called  the  calcanean  process. 
The  posterior  surface  articulates  with  the  oe  calcis  by  means  of  a  saddle-shaped 
facet,  which  is  convex  from  side  to  side,  and  concave  from  above  downwards. 

Variations — Blandin  lias  rcconled  a  case  of  division  of  the  cuboid. 

The  tarsofl  as  a  whole  may  be  conveniently  described  as  arranged  in  two  colnmnB ;  the 
innur,  correspondiog  k>  the  inner  bonier  of  the  toot,  comprieing  the  astragalus,  navicular,  ami 
thi«e  cuneiforms,  and  forming  a  base  for  tbe  support  of  the  three  inner  metatarsal  bones  and 
their  phalanges.  The  outer  column,  formed  bv  the  os  calcis  and  cuboid,  supporla  the  fourth 
and  fifth  metatanal  bonex  together  with  tiieir  plialan^es.  The  superior  surface  of  the  aDt^rior 
portion  of  the  tareua  dettnnines  the  side-to-side  roundneafl  of  the  inat^p,  whilst  il3  under  surface 
forms  arches  in  both  a  transverse  and  longitudinal  direction,  in  which  the  softer  tissues  of  the 
sole  are  lodged,  and  so  protected  from  injury. 

Architsctnre  of  the  Bones  of  the  Foot. — A  longitudinal  section  through  the  articulati'd 
bones  of  the  foot  reveals  the  fact  that  the  cancellous  structure  of  each  individual  bone  is  determined 
by  the  stress  to  which  it  is  habitually  subjected.  In  this  connexion  it  is  necessary  to  refer  to  the 
arched  arrangement  of  the  Ixines  of  the  foot,  a  subject  which  is  also  treated  in  the  section  whiih 
deals  with  tbe  Joints.  The  suiotiiit  of  the  arch  is  formed  by  the  astragalus,  on  which  K»ta  the  tibia. 
Subjected  as  the  astragalus  is  to  a  crushing  strain,  it  is  obvious  that  this  toad  must  be  distributixl 
throughout  the  arch,  of  which  the  m  calcis  is  the  posterior  pillar,  whilst  the  heads  of  the  meta- 
tarsaTbones  constitute  the  anterior  pillar.  It  is  found,  consequently,  that  the  lamellfe  of  the  can- 
cellous tissue  of  the  astragalus  are  arranged  in  two  directions,  which  intercross  and  tenuinale 
below  the  superior  articular  surla<«.  Of  these  fibres,  some  sweep  backwards  and  downwards 
towards  the  posterior  calcanean  facet,  beyond  which  they  are  carried  in  the  substance  of  the  os 
calcis  in  a  curved  and  wavy  manner  in  the  direction  of  the  heel,  where  they  terminate ;  whilst 
others,  curving  downwards  and  forwards  from  the  trochlea  of  the  astragalus,  pass  through  tlie 
neck  to  reach  the  articular  surface  of  the  head,  through  which  in  like  manner  they  may  lie 


r^rded  as  pairing  onwards  through  the  several  bones  which  constitute  the  anterior  pan  of  the 
,    .,  ,      ..     ,       ..,...■..  ..-.,.     J.-.    ....  ofthei 


arch,  thus  accounting  fur  the  longitudinal  striation  as  displayed  in  the  structure  of  the  nav 
cular,  cuneiform,  ana  metatarsal  bones.  In  the  os  calcis,  in  addition  to  the  foregoing  arrange- 
ment^ another  set  of  curving  fibres  sweep  from  back  to  front  of  the  bone  beneath  the  more  com- 
pact tis.iue  which  forms  its  under  shell  These  are  obviously  of  advantage  to  prevent  the  spread 
of  the  bone  when  subjected  to  the  crushing  strain.  In  the  sust«ntaciUimi  tali  a  bracket-like 
arrangement  of  fibres  is  evident,  and  tbe  under  surface  of  tbe  neck  of  the  astragalus  b  further 
strengthened  by  lametlfc  arranged  vertically. 

lu  the  Keparate  bones  the  investing  envelope  is  thin,  though  under  the  articular  sorfaces 
there  is  a  greater  density,  due  to  the  accession  of  lamellie  lying  parallel  t«  the  articular  planes. 
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The  stoutest  bonv  tisBUc  in  the  astragalua  ia  met  with  in  the  region  of  the  under  surface  of  the 
neck,  whilst  is  the  oa  cslcis  the  greatest  deoeity  occurs  along  the  floor  of  the  sinus  taraL 

Momerical  Vatiatlon  in  the  T&rBUS.~Iiic»ue  in  the  number  of  the  tarsal  elements  niaj 
be  due  to  the  occurrence  of  divisioii  of  eitlier  the  internal  cuneiform  or  the  cuboid  bone,  or  to 
the  occasional  presence  of  an  oe  Irigonuni.  Cases  of  eeparation  of  the  tuberosity  of  the  navicular 
bone  have  been  recorded,  and  inat&ncea  of  supernumerary  oseiclea  between  the  internal  cuneiform 
and  eecond  metatanal  bone  have  been  nol«d.  Stieda  mentions  the  occurrence  of  a  small  ossicle 
in  conneiion  with  the  articular  surface  on  the  fore  and  upper  part  of  the  os  calcis,  and  PGtzner 
notea  the  occurrence  of  an  oa  austentaculi.  For  further  information  on  the  variations  of  the 
skeleton  of  the  foot,  see  Pfitmer  {Marpholoi/iiche  Arbeiten,  vol.  vl.  p.  245). 

The  possibility  of  an  injury  having  lieen  the  cause  of  the  occurrence  of  some  of  these  so-called 
supemumerarv  ossicles  must  not  be  overlooked.  The  use  of  the  Rontgen  raya  has  proved  that 
accidenU  of  t^is  kind  are  much  more  frequent  than  was  at  first  supposed. 

The  reduction  in  the  number  of  the  tarsus  is  due  to  the  osseous  union  of  adjitcent  bones.  In 
many  instances  this  is  undoubtedly  patholocical,  but  cases  have  been  noticed  (Leboucq)  of  fusion 
of  the  cortilaciDous  elements  of  the  oa  calcia  and  astragalus,  and  the  us  calcis  and  na,vicular 
in  fcetuses  of  the  tin  id  month. 

Ossification. — Unlike  the  carpus,  the  tarsus  is  at  birth  partially  ossified.  At  this 
period  there  is  a  well-marked  osseoiiB  nucleus  within  the  body  and  neck  of  the  astragalus, 
and  the  os  calcia  is  extensively  ossified.  In  the  latter  the  deposition  of  earthy  matter 
appears  as  early  aa  the  sixth  month  of  fuotal  life,  whilst  in  the  astragalus  the  ossific  centre 
makes  its  appearance  in  the  later  weeks  of  gestation.     Shortly  before  or  after  birth  the 


Piu,  197.— Hadioohafhs  op  the  Fotal  Foot. 
A.  Betwean  the  aevuuth  aud  eighth  moDths.     Hero  tlie  cwEiflc  ducIeI  of  tli«  d»  calcit  ami  astragalus  art  smp. 
a  At  birth.     The  ceDtiSB  of  Dsaiacmtiaa  for  the  oa  calcis  and  aHtragalu>>  are  well  developed,  the  aucleui  for 

the  cuboiil  IS  quite  dMinct.  and  in  Ihia  instance  the  external  cuneiform  ia  already  commencing  to  osaify. 

Compare  this  flgure  with  Fig.  155,  in  which  the  carpus  is  shown  as  atill  cartilaginous  at  birth. 

cuboid  begins  to  ossify,  succeeded  early  in  the  first  year  by  the  external  cuneiform,  followed 
in  order  by  the  middle  cuneiform,  internal  cuneiform,  and  navicular.  The  oesific  centre 
of  the  tatter  appears  at  the  third  year  or  somewhat  later.  An  epiphyBia,  which  forms  a 
cap  over  the  extremity  of  the  great  tuberosity  of  the  os  calcis,  appears  from  the  seventh 
to  the  ninth  year,  aud  fusion  is  completed  between  the  ages  of  sixteen  and  twenty. 

The  METATARSU& 

The  metatarsal  bones,  five  in  number,  in  their  general  configuration  i-esemble 
the  metacarpus.     Thej  are,  however,  sllglitly  longer,  their  bases  are  proportionately 
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larger,  their  shafts  more  slender  and  laterally  compresaed,  and  their  heads  propor- 
tioQately  Bmaller.  They  are  named  numerically  the  first,  second,  third,  fourth,  and 
tifth  metatarsal  bones,  in  order  from  within  outwards.  The  first  can  be  readilj 
recognised  on  account  of  its  stoutness ;  it  is  also  the  shortest  of  the  series.  The 
second  is  the  longest  of  the  five,  and  the  fifth  can  easily 
be  distinguished  by  the  projecting  tubercle  at  its  base. 

The  first  metatarBal  or  metatarsal  bone  of  the  great 
toe,  the  shortest  of  the  series,  is  remarkable  for  ite 
stoutness.  Its  base,  where  the  bone  is  provided  with  a 
'"  reniform  facet  for  articulation  with  the  internal  cunei- 
form, is  wider  from  before  backwards  than  from  aide  to 
side.  As  a  rule  there  are  no  facets  on  the  lateral 
aspects  of  the  base.  The  inferior  angle  projects  backwards 
and  outwards,  and  forms  a  prominent  tul)ercle  which  is 
pitted  for  the  insertion  of  the  tendon  of  the  peroneus 
longuB  muscle,  whilst  its  internal  mai^  is  lipped  by 
a  surface  for  the  attachment  of  part  of  the  t«DdoD  of  the 
tibialis  anticua.  The  shaft,  short,  thick,  and  prismatic  on 
i  section,  tapers  rapidly  towards  the  head,  the  fore  and  under 

3  surfaces  of  which  are  articular.     The  former  is  convex  from 

g  side  to  side,  and  from  above  downwards,  and  supports  the 

w  '"       proximal  phalanx.     It  is  confluent  below  with  the  inferior 

"  articular  surface,  which  is  divided  by  a  median  ridge  into 

two  shallow  grooves,  of  which  the  inner  is  the  wider.     In 
these  grooves  are  lodged   the  two  sesamoid  boues  which 
*"' "tabm^">  /f  ™  Ri^HT  underlie  the  metatarso-phalangeal  joint.     On  either  aide 
Foot  (Piantir  Aapett).  of  the  head  the  bone  is  pitted  for  the  strong  lateral  liga- 

ments of  the  joint. 
The  secood  metatarsal,  the  longest  of  the  series,  has  a  base  of  wedge-shaped 
form,  the  proximal  aspect  of  which  articulates  with  the  middle  cuneiform.      On  it« 

II.  UETATARSAI. 
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inner  aspect,  near  its  superior  edge,  there  is  a  small  circular  facet  for  the 
internal  cuneiform;  below  and  in  front  of  this  there  is  sometimes  a  tubercle  with 
a  "  pressure  "  facet  on  it,  where  the  bone  comes  in  contact  with  the  base  of  the 
first  metatarsal.     On  the  outer  side  of  the  base  there  is  one,  more  usually  two  small 
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facets,  each  divided  into  two  parts,  a  posterior  for  articulation  with  the  external 
cuneiform,  and  ao  anterior  for  the  base  of  the  third  metatarsal.  The  sliafts  of  this 
and  the  three  succeeding  bones  are  slender  and  laterally  compressed.  The  heads 
are  small  and  narrow,  and  display  a  pronounced  side-to-side  and  vertical  convexity. 

The  third  metatarsal  bone  also  possesses  a  base  of  wedge-siiaped  form,  the 
proximal  surface  of  which  articulates  with  the  external  cuneiform.  On  its  inner 
side  it  is  provided  with  one,  more  usually  two,  smal!  facets,  for  articulation  with'  the 
tmse  of  the  second  metatarsal.  Externally  the  base  has  a  larger  facet  for  articula- 
tion with  the  base  of  the  fourth  metatarsal,  more  or  less 
conical  in  outline,  and  having  its  lower  edge  sharply  defined 
by  a  narrow  groove  which  underlies  it. 

The  fonrUi  metatarsal  has  a  base  more  cubical  in  shape. 
Its  proximal  aspect  articulates  with  the  cuboid,  whilst  in- 
ternally an  elongated  oval  facet,  divided  by  a  slight  vertical 
ridge,  provides  surfaces  for  articulation  with  the  third  meta- 
tarsal in  front  and  the  outer  side  of  the  internal  cuneiform 
beldud.  On  the  outer  side  there  is  a  demi-oval  facet,  bearing 
a  slightly  saddle-shaped  surface,  for  articulation  with  the  inner 
aide  of  the  base  of  the  fifth  metatarsal.  -i 

The  fifth  metatarsal  can  be  readily  recognised  by  the  | 
peculiar  shape  of  its  base,  from  the  outer  side  of  which  there  | 
projects  backwards  and  outwards  a  prominent  tubercle  x 
{tuberositas  oss.  metacarpi  V.)  To  the  hinder  extremity  of  |£ 
this  is  attached  the  tendon  of  the  peroneus  brevia  muscle.  To 
its  upper  surface  the  tendon  of  the  peroneus  tertius  is  inserted,  • 
whilst  its  under  surface  provides  an  origin  for  the  flexor  brevis 
minimi  digiti  muscle.     The  inner  surface  of  the  base  is  pro-  vnomoi  bma 

vided  with  a  demi-oval,  slightly  concave  facet,  for  the  outer  side  Fig.  200.— fifth  rioht 
of  the  base  of  the  fourth   metatarsal,  whilst  proximally   it        "  °" 

articulates  with  the  cuboid  by  means  of  a  semicircular  facet. 

VascnllU  Foramina. — The  canals  for  the  uutrient  vessels  01*11,  as  a  rule,  on  tlie  plantar 
aspects  of  the  middle  of  the  aliafts.  ThoEc  of  the  outer  inetaUirBals  are  directed  towards  the  baaea 
ofthp  bones,  whilst  that  for  the  nielatarsal  of  the  great  toe  passes  towards  its  head. 

AtcMtectnre- — In  structure  and  the  arrangement  of  their  laraellie  tlie  niL'tatarsal  bones 
agree  with  the  metacarpus. 

Variations. — Several  instances  of  separation  of  the  tuberosity  of  the  fifth  melalarsal  (os 
Vesaleauuai)  have  been  recorded,  whilst  numerous  examples  of  an"o3  internietatarsuni  between 
the  bases  o!  the  first  and  second  metatareal  bones  have  been  recorded  by  Gruber  and  others. 
The  tubercle  on  the  base  of  the  first  metatarsal  for  the  attachment  of  the  peroneua  longiis  tendon 
is  occajiionally  met  with  aa  a  separate  ossicle. 

Ossification.^ In  correspondence  with  the  mode  of  ossification  which  maintains  in 
the  metacarpus,  the  primary  centres  for  the  metatarsus  appear  aa  early  aa  the  third 
month  of  f*Btal  life.  In  the  case  of  the  second,  third,  fourth,  and  fifth,  these  centres 
furnish  the  bases  and  shafts  of  the  bonea,  the  heads  being  developed  from  secondary 
centres  which  appear  from  two  to  four  years  after  birth,  fusion  with  the  shaft  being 
usually  completed  about  the  eighteenth  year.  In  atriking  contrast  to  tViia  is  the  mode  of 
ossification  of  the  first  metatarsal.  From  its  primary  centre  the  head  and  aliatt  is 
dereloped  ;  the  secondary  centre  appears  at  its  base  about  tlie  second  or  third  year,  and 
fiues  with  the  sliaft  about  eighteen.  In  this  respect,  tlieretoro,  the  metatarsal  bone  of 
tiie  great  toe  resembles  in  ito  mode  of  development  the  phalanges.  Mayet,  however 
l/tu//.  Sor.  Anat.  Paris,  1895),  deaoribea  the  occurrence  of  two  osaific  centres  in  the 
proiinial  epiphysis.  These  fuse  early,  and  he  considers  that  the  one  represents  the 
metatarsal  element,  whilst  the  other  may  be  regarded  as  phalangeal  in  its  origin. 

The  Phalanges. 

The  phalanges  of  the  toes  (phalanges  digitorum  pedis)  differ  from  those  of  the 
lingers  in  the  striking  reduction  of  their  size,  and  in  the  case  of  the  bones  of  the 
lirst  row,  in  the  lateral  compression  of  their  shafts.  Each  toe  is  provided  normally 
with  three  phalanges,  except  the  great  toe,  which  has  only  two.  In  their  general 
cotifiguration  and  in  the  arrangement  of  their  articular  facets  they  resemble  the 
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digital  phalanges,  though,  owiug  to  the  reduction  in  their  size,  the  shafts,  particu- 
larly those  of  the  second  row,  are  often  bo  compreased  longitudinally  as  to  reduce 
the  bone  to  a  mere  nodule.  The  proximal  end  of  each  t>f 
the  hones  of  the  first  row  is  proportionately  large,  and  is 
provided  with  a  simple  hollow  in  which  the  head  of  the 
metatarsal  bone  rests;  the  distal  ends  are  furnished  with 
condyloid  aurfacea  The  proximal  extremities  of  the  second 
row  are  each  provided  with  two  small  concavities,  separated 
by  a  slight  ridge  for  articulation  with  tlie  condyles  of  the 
first  row.  The  joint  between  the  second  and  third  row 
displays  the  same  arrangement — the  third,  terminal  or 
ungual  phalanx,  being  easily  distinguished  by  the  spatula- 
shaped  surface  at  its  extremity  on  which  the  bed  of  the  nail 
is  supported. 

The  phalanges  of  the  great  toe,  two  in  number,  differ 
from  the  others  in  their  size  and  length.     Into  the  base  of 
'"  '^*"  the  first   phalanx  are  inserted   the  short  muscles  of  the 

great  toe,  whilst  the  second  phalanx  receives  on  its 
plantar  aspect  the  insertion  of  the  flexor  longus  hnlliicia 
muscle,  the  tendon  of  the  extensor  longns  hallucis  being 
inserted  into  the  dorsal  aspect. 

Fig.  201.— The  Phalanubs         Architecture. — lu  their  general  structuK  they  resemble    the 

OK   THE    Toes    (Dorsol  bones  of  the  fingers. 

ABpect).  Variationa  — It   is  not  uncommon  to  meet   with    fiiBion  of  Ilie 

second  and  third  phalanges,  particularlv  in  the  fifth,  less  frequently 
in  the  fourth,  and  occasionally  in  the  eecoud  and  thinl  toes.  The  union  of  the  phalangFal 
elements  has  been  observed  in  the  fcctus  as  well  as  the  adult  (Pfitzner).  The  proportiouatF 
length  of  the  plialanges  varies  much  ;  in  gome  cases  the  ungual  phalanges  are  of  fair  siie,  the 
bones  of  the  second  row  l^eing  mere  nodulen,  whilst  in  other  instances  the  reduction  in  size  of  the 
terminal  phalanges  is  most  marked. 


i  is  developed  from  two  centres — one  primary  for  the 


ir  I 


Ossification.— Each  phalan 
shaft  and  diatal  extremity,  the 
other  for  the  epiphysis  on  the 
proximal  end.  The  primary  < 
trea  for  the  ungual  phalanges 
the  first  to  appear,  commencing 
to  ossify  from  the  eleventh  to  thi 
twelfth  week  of  fcetal  life.  Thi 
centre  for  the  ungual  phalanx  of 
the  great  toe  makes  its  appearance 
before  that  of  its  corresponding 
metatarsal  bone.  The  primary 
centres  for  the  phalanges  of  the 
first  row  appear  from  the  four- 
teenth to  the  sixteenth  week. 
The  primary  ceutrea  for  the  A. 
middle  phalanges  of  the  second 
and  third  toe»  begin  to  ossify 
about  the  sixth  mouth,  those  for  B. 
the  fourth  and  fifth  toes  not  till 
later — the  shaft  of  the  middle 
phalanx  of  the  fourth  toe  being 
frequently  cartilaginous  at  birtb, 
the  normal  condition  in  the  case 
of  the  fifth  toe  (Lambertz).  The 
proximal  epiphyses  do  not  begin 
to  ossify  until  about  the  fourth 
year,  and  are  usually  fused  with  the  diaphyses  about  the  age  of  sixteen  or  eighteen. 
Union  between  the  shafts  and  epiphyses  of  the  first  row  precedes  that  of  the  second  and 
third  rows. 


bont  the  end  of  the  lliird  month.  The  primary  centre*  of  ill 
the  metacarpus  are  showu  ta  well  aa  ths  centres  for  the 
phalanges  of  the  great  toe  and  the  (enninal  phikladi  of  tbe 
third  toe. 

.  little  later.  The  ceutrei  for  the  terminal  phalanges  of  ihe 
four  inner  to«a  are  seen,  m  well  aa  the  ceatrex  for  tbe  fir<t 
phalan^i  of  the  gnat  and  Hecond  bM. 

C.  Ahoat    the    Fourth    month.     The   centiea    for    all    the   terminal 

phnlangeg  ns  well  as  tbode  of  the  firiit  row  are  well  ossifietl. 

D.  Aliout  the   flfth   month.     In   this  the  centre   for  the    second 

phalanx  of  the  second  toe  haa  already  made  its  appearance. 

InnUB  the  bigniflcanct  ur  whicli  If  not  BpparaDt.    Tbe  appeuance  I*  nol  dii# 
to  any  defna  In  tlie  plau  but  rvrurred  in  repeated  skiographH.^ 
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Sesamoid  Bones. 

As  Id  the  hand,  small  independent  nodules  of  bone,  called  sesamoid  bones,  are  met 
with  in  the  ligaments  and  tendons  of  the  foot.  The  most  constant  of  these  are  found  in 
connexion  with  the  metatarso-phalangeal  articulation  of  the  great  toe,  where  they  lie  in 
iO^ooves  on  the  under  surface  of  the  head  of  the  metatarsal  bone  in  connexion  with  the 
tendons  of  the  short  muscles  of  the  great  toe.  Small  osseous  nodules  occupying  a 
corresponding  position  are  occasionally  met  with  in  the  other  toes,  and  instances  have 
l>een  recorded  of  like  ossicles  occurring  on  the  plantar  aspect  of  the  interphalangeal  joint 
of  the  great  toe. 

An  osseous  nodule  is  not  infrequently  met  with  in  the  tendon  of  the  peroneus  longus 
as  it  turns  round  the  outer  border  of  the  foot  to  lie  in  the  groove  on  the  under  surface  of 
the  cuboid. 

MORPHOLOGY  OF  LIMBS. 

Development  and  Morphology  of  the  Appendicular  Skeleton. 

The  paired  limbs  first  appear  in  the  human  embryo  about  the  third  week  as  small  buds  on 
either  side  of  the  cephalic  and  caudal  ends  of  the  trunk.  That  these  outgrowths  are  derived  fi*om 
a  large  number  of  trunk  segments  is  assumed  on  the  ground  that  they  are  supplied  by  a  corre- 
s|)onding  number  of  segmental  nerves,  and  the  circumstance  that  they  are  more  particularly 
a&K)ciated  with  the  ventral  offsets  of  these  nerves  would  point  to  the  conclusion  that  they  belong 
rather  to  the  ventral  than  the  dorsal  surface  of  the  body. 

At  first  the  surfaces  of  these  limb  buds  are  so  disposed  as  to  1^  directed  ventrally  and  dorsally, 
the  ventral  a«ipect  corresponding  to  the  future  flexor  surface  of  the  limb,  the  dorsal  to  the  ex- 
tensor side.  At  the  same  time,  the  borders  are  directed  headwai-ds  (pre -axial),  and  tail  wards 
(jM>e^t-axial).  As  the  limbs  grow,  they  soon  display  evidence  of  division  into  segments  correspond- 
ing to  the  hand  and  foot,  forearm  and  leg,  upper  arm  and  thigh.  Coincident  with  this  (about  the 
second  month)  the  cartilaginous  framework  of  the  limb  is  being  differentiated.  The  disposition 
of  these  cartilages  furnishes  a  clue  to  their  homologies.  In  the  fore  limb  the  radius  ana  thumb 
lie  along  the  pre-axial  borders,  and  correspond  to  tne  tibia  and  great  toe,  which  are  similarly  dis- 
poned in  the  hind  limb ;  whilst  the  ulna  and  fifth  finger  are  homologous  with  the  fibula  and  fifth 
toe,  which  are  in  like  manner  arranged  in  relation  to  the  posterior  (post-axial)  border  of  their 
respective  limba  Up  to  this  time  the  limbs  are  directed  obliquely  ventral  wards  from  the  head 
t*)wards  the  tail-end  of  the  embryo.  During  the  third  month,  however,  a  change  in  their  posi- 
tion takes  place,  owing  to  their  axes  being  rotated  in  opposite  directions.  The  fore  limb  is 
turned  outwards  and  forwards  to  the  extent  of  90**,  whilst  tne  lower  hind  limb  is  twisted  inw^ards 
and  backwards  to  a  corresponding  degree.  This  gives  rise  to  a  change  in  the  disposition  of  the 
joints  of  the  flexor  and  extensor  surfaces.  The  flexor  surface  of  the  elbow  is  now  directed  for- 
wards, whilst  the  corresponding  aspect  of  the  knee  is  turned  backwards,  and  in  consequence  the 
dorsal  or  extensor  aspect  of  the  fore  limb  is  posterior,  w^hilst  the  doi"sal  or  extensor  aspect  of  the 
hind  limb  has  become  anterior.  Corresponaingly,  the  pre-axial  border  of  the  foi-e  limb  with  the 
thumb  now  lies  external,  whilst  the  pre-axial  border  of  the  hind  limb  with  the  great  toe  has 
become  IntemaL  A  knowledge  of  these  changes  is  necessary  to  account  for  the  homologies  of  the 
various  structures  within  the  limb.  In  the  axial  mesoderm  of  each  member,  differentiation 
into  cartilaginous  segments  begins  about  the  second  month  ;  each  of  these  cartilages  becomes  in- 
vested by  a  perichondrial  layer  which  stretches  from  segment  to  segment,  and  ultimately  forma 
the  li^ments  surrounding  the  Joints,  which  are  subsequently  developed  between  the  segments. 
Chonarification  first  begins  in  the  basal  part  of  the  limb,  and  extends  towards  the  digits.  In  the 
upper  arm  and  thigh  the  humerus  and  femur  are  homodynamous.  In  the  forearm  and  leg  the 
pre-axial  radius  corresponds  with  the  pre-axial  tibia,  and  the  post-axial  ulna  with  the  post-axial 
fibula.  The  homodynamy  of  the  carpal  and  tarsal  elements  may  be  tabularly  expressed,  and 
compared  with  the  more  generalised  types  from  which  they  are  evolved. 

Type.  Hand.  Foot. 

Radiale  rribiale)  =  Scaphoid  (body)  =  Astragalus. 

Intermedium  =  Semilunar  =  Absent,  or  Os  trigonum(?) 

Ulnare  (Fibulare)         =  Cuneiform  =0s  Calcis. 
Gentrale                        =  Absent,  or  Tubercle  on  Scaphoid  =  Navicular. 

Carpale  (Tarsale),  i.      =  Trapezium  =  Internal  Cuneiform. 

Carpale  (Tarsale),  ii.     =  Trapezoid  =  Middle  Cuneiform. 

Carpale  (Tarsale),  iii.  =0s  Magnimi  =  External  Cuneiform. 
Carpale  (Tarsale),  iv.l     tt      r  r«  v    i 

Caqmle  (TarsaH  v.  )  =  Unciform  =  Cuboid. 

The  pisiform  is  omitted  from  the  above  table,  since  it  is  now  generally  regarded  as  being  a 
vestige  of  an  additional  digit  placed  post-axial  to  the  little  finger  (digitus  post-minimus).  Its 
homologue  in  the  foot  is  by  some  considered  as  fused  with  the  os  calcis.  Similarly,  on  the  pre- 
axial  border  of  the  hand  and  foot,  vestiges  of  a  suppressed  digit  (prepoUex  and  prehallux)  may 
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occasionally  be  met  with.  The  frequent  occurrence  of  an  increase  in  the  number  of  digits  neems 
to  indicate  that  phylogenetically  the  number  of  digits  was  greater  than  at  present,  and  included  a 
prepoUex  or  prehaUux,  and  a  digitus  post-minimus.  The  correspondence  of  the  metacarpus  with 
the  metatarsus  and  the  phalanges  of  the  fingers  with  those  of  the  toes  is  so  obvioujs  that  it  u 
sufficient  merely  to  mention  it. 

The  differences  in  size,  form,  and  disposition  of  the  skeletal  elements  of  the  hand  and  foot  is 
easily  accounted  for  by  a  reference  to  the  functions  they  subserva 

In  the  hand  strength  is  sacrificed  to  mobility,  thus  leading  to  a  reduction  in  the  size  of  the 
carpal  elements,  and  a  marked  increase  in  the  length  of  the  digital  phalanges.  The  freedom  of 
movement  of  the  thumb,  and  its  opposability  to  the  other  digits,  greatly  enhances  the  value  of 
the  hai^d  as  a  grasping  organ.  In  tne  foot,  w^here  stability  is  the  main  requirement,  the  tarsus 
is  of  much  greater  proportionate  size,  whilst  the  phalanges  are  correspondingly  reduced.  Since 
the  foot  no  longer  serves  as  a  grasping  organ,  the  great  toe  is  not  fj^e  and  opposable  like  the 
thumb. 

Limb  Girdles. — The  free  limbs  are  linked  to  the  axial  skeleton  by  a  chain  of  bones  which 
constitute  their  girdles.  The  fundamental  form  of  these  limb  girdles  consists  each  of  a  pair  of 
carved  cartilages  placed  at  right  angles  to  the  axis  of  the  tnmk  on  either  side,  and  embedded 
within  its  musculature.  Each  cartilage  has  an  articular  surface  externally,  about  the  middle,  for 
the  reception  of  the  cartilage  of  the  nrst  segment  of  the  free  limb.  In  this  way  each  pectoral 
and  pelvic  cartilage  is  divided  into  an  upper  or  dorsal  half  and  a  lower  or  ventral  hal£  The 
dorsal  halves  constitute  the  scapula  and  ilium  of  the  pectoral  and  pelvic  girdles  respectively. 
With  regard  to  the  ventral  halves  there  is  more  difficulty  in  establishing  their  homologies.  Tfie 
original  condition  is  best  displayed  in  the  pelvic  girdle  ;  here  the  ventral  segment  divides  into 
two  branches — one  anterior,  which  represents  the  pubis,  the  other  posterior,  which  ultimately 
forms  the  ischium.  Yentrallv,  the  extremities  of  these  cartilages  unite  to  enclose  the  obturator 
foramen.  In  the  pectoral  girdle  the  disposition  of  the  ventral  cartilages  is  not  so  clear,  consisting 
primitively  of  an  anterior  branch  or  precoracoid,  and  a  posterior  portion  or  coracoid ;  these,  in 
higher  forms,  have  undergone  great  modifications  in  adaptation  to  the  requirements  of  the  fore 
limba  The  posterior  or  coracoid  element,  the  homologue  of  the  ischial  cartilage  in  the  pelvic 
grdle,  is  but  feebly  represented  in  man  by  the  coracoid  process  and  the  coraco-clavicular  ligament 
With  regard  to  the  homologue  of  the  pubic  element  in  the  pectoral  girdle,  there  is  much  difference 
of  opinion ;  in  reptiles  and  amphibia  it  corresponds  most  closely  to  the  precoracoid,  but  it  is 
doubtful  what  represents  it  in  mammala  According  to  Qoette  and  Hoffman,  the  clavicle  is  a 
primordial  bone,  and  not,  as  suggested  by  Gkgenbaur,  of  secondary  or  dermic  orifl^in.  If  this  be 
so,  it  corresponds  to  the  ventral  anterior  segment  of  the  pectoral  girdle,  and  is  therefore  homo- 
logous with  the  ventral  anterior  (pubic)  segment  of  the  pelvic  girdle.  On  the  other  hand,  if 
Gegenbaur's  view  be  accepted,  the  clavicle  has  no  representative  in  the  pelvic  fiirdle.  It  must, 
however,  be  borne  in  mind  that  during  its  ossification  it  is  intimately  associatea  with  cartilage, 
and  that  that  cartilage  may  represent  the  precoracoid  bar ;  nor  must  too  ^eat  stress  be  laid  upon 
the  fact  that  the  clavicle  begins  to  ossify  before  it  is  performed  in  cartilage,  since  that  may  be 
merely  a  modification  in  its  histogenetic  development 

According  to  another  view  (Sabatier),  the  subcoracoid  centre  (see  Ossification  of  Scapula)  id 
derived  from  the  posterior  ventral  segment,  and  corresponds  to  the  ischium,  whilst  the  coracoid 
process  is  the  remains  of  the  anterior  ventral  segment  (precoracoid),  and  is  homodynamous  with 
the  pubis. 

In  no  part  of  the  skeleton  does  function  react  so  much  on  structure  as  in  the  arrangement  of 
the  constituent  parts  of  the  pectoral  or  pelvic  girdles.  In  man,  owing  to  the  assumption  of  the 
erect  position  and  the  pipedal  mode  of  progression,  the  pelvic  ffinlle  acouires  those  charactenstics 
which  are  essentially  human,  viz.  its  great  relative  breadth  and  tne  expansion  of  its  iliac 
portions,  which  serve  as  a  support  to  the  abdominal  viscera,  and  also  furnish  an  extensive  origin 
to  the  powerful  muscles  which  control  the  movements  of  the  hip-joint  The  stability  of  the 
pelvic  girdle  is  insured  by  the  nature  of  its  union  with  the  axial  skeleton,  as  well  as  by  the 
osseous  fusion  of  its  several  parts,  and  their  union  in  front  at  the  symphysis  pubis. 

In  man,  since  the  erection  of  the  figure  no  longer  necessitates  the  use  of  the  fore  limb  as  a 
means  of  support,  the  shoulder  girdle  has  become  modified  along  lines  which  enhance  its  mobility 
and  determine  its  utility  in  association  with  a  prehensile  limb.  Some  of  its  parts  remain 
independent  (clavicle  ana  scapula),  and  are  united  by  diarthrodial  joints,  whilst  others  have 
become  much  reduced  in  size  or  suppressed  (coracoid-precoracoid,  see  ante).  The  dorsal  part 
of  the  ffirdle  (scapula)  is  not  directly  united  with  the  axial  skeleton  as  is  the  ilium,  but  is  only 
indirectly  joined  to  it  through  the  medium  of  the  clavicle,  which  is  linked  in  front  with  the 
presternum.  The  same  underlying  principles  determine  the  differences  in  mobility  and  strength 
Detween  the  shoidder,  elbow,  and  wrist,  and  the  hip,  knee,  and  ankle  joints  of  the  fore  and  hind 
limbs  respectively,  whilst  the  utility  of  the  hana  is  further  enhanced  by  the  movements  of 
pronation  and  supination  which  occur  between  the  bones  of  the  forearm.  In  the  leg  such 
movements  are  absent,  as  they  would  interfere  with  the  stability  of  the  limb. 


THE  ARTICULATIONS  OR  JOINTS. 

ARTHROLOGY. 

By  David  Hepburn. 

Arthrology  is  that  branch  of  hiunan  anatomy  which  treats  of  the  articulations 
or  joints. 

An  articulation  or  joint  constitutes  a  mode  of  union  or  connexion  subBJsting 
between  any  two  separate  segments  or  parts  of  the  skeleton,  whether  oaaeouB  or 
cartilaginous,  and  having  for  its  primary  object  either  the  preservation  of  a  more 
or  less  rigid  contuiuity  of  the  parts  joined  together,  or  else  to  permit  of  a  variable 
degree  of  mobility,  subject  to  the  restraints  of  the  uniting  media. 

Classification  of  Joints. — In  attempting  to  frame  a  classification  of  the 
numerous  joints  in  the  body,  several  coDsiderations  must  be  taken  into  account, 
\iz.  the  manner  and  sequence  of  their  appearance  in  the  embryo ;  the  nature  of  the 
uniting  media  in  the  adult,  and  also  the  degree  and  kind  of  movement  permitted 
in  those  joints  where  movement  is  possible. 

In  this  way  we  obtain  two  main  subdivisions  of  joints ; — 

(1)  Those  in  which  the  uniting  medium  is  coextensive  with  the  opposed  aur- 
faces  of  the  bones  entering  into  the  articulation,  and  in  which  a  direct 
union  of  these  surfaces  is  thereby  efiected. 

(2)  Those  in  which  the  uniting  medium  has  undergone  more  or  less  of  interrup- 
tion in  its  structural  continuity,  and  in  which  a  cavity  of  greater  or  less 
extent  is  thus  formed  iu  the  interior  of  the  joint 

To  the  first  group  belong  all  the  immovable  joints,  many  of  which  are  likewise 
of  temporary  duration ;  to  the  second  group  belong  all  joints  which  possess  as  their 
outstanding  features  mobility  and  permanence. 

SYNAIITHROSES. 

The  general  characteristics  of  this  group  are  partly  positive  and  partly  nega- 
tive. Thus  there  is  uninterrupted  union  between  the 
oppoaed  surfaces  of  the  hones  joined  together  at  the  plane 
of  the  articulation,  i.e.  there  is  no  trace  of  a  joint  cavity, 
and  further,  there  is  an  entire  absence  of  movement. 
Developmentally,  these  joints  result  from  the  approxi- 
mation of  ossific  processes  which  have  commenced  from  iiiiemntng 
separate  centres  of  ossification,  and  therefore  the  nature 
of  the  uniting  medium  varies  according  as  the  hones 
thus  joined  together  have  originally  ossified  in  membrane 
or  in  cartilage.  In  the  former  ease  union  is  effected  by 
an  interposed  fibrous  membrane  continuous  with  and 
corresponding  to  the  periosteum.     To  such  articulations 

the  term  «iitn«  (Fig.  203)  is  applied.     In  the  latter  case     *'■<'■  TH°R;~H'"''g *^;.^^'^'"'' 
the  uniting  medium  is  a  plate  of  hyaline  cartilage.     Such  "    *    '■''^'^^■ 

articulations  are  called  synchondroses  (Fig.  204).  In  all  the  synchondroses,  and  in 
many  of  the  sutures,  the  uniting  medium  tends  to  disappear  in  the  progress  of 
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ossification,  and  thus  the  plane  of  articulation  becomes  obliterated,  so  that  direct 
structural  coutiauity  between  tlie  osseous  segments  takes  place.     The  primaiy 
features  common  to  all  synarthroses  are — (a)  continuous 
and  direct  union  of  the  opposing  surfaces;  (b)  no  joint 
cavity ;  (c)  no  movement. 
niDg  Suture. — This  form  of  synarthrosis  is  only  found  in 

connexion  with   the   bones  of   the  skull.     In   a    large 
number  of  cases  the  bones  which  articulate  by  suture 
present  irregular  interlocking  margins,  between  which 
there  ia  the  interposed  fibrous  membrane  to  which  refer- 
ence has  already  been  made.     When  these  interlocking 
margins  present  well-defined  projections  they  are  said  t« 
form  true  sutures — sntnra  vera ;  on  the  other  hand,  when 
the  opposed  surfaces  present  ill-defined  projections,  or 
even   ^t   areas,  they  are   described  as  false  suturea — 
sntnia  notha.     In  each  of  these  subdivisioiiB  the  particular 
characters  of  the  articulating  margins  are  utiUsed  in  framing  additional  descriptive 
terms.     Thus  true  sutures  may  possess  interlocking  margins  whose  projections  are 
tooth-like  (sutura  dentata),  e.g.  in  the  interparietal  suture ;  saw-like  (sutura  serrata), 
{Fig.  205)  e.g.  in  the  interfrontal  suture ;  ridge-like,  or  comparable 
to  the  parallel  ridges  on   the  welt  of  a   boot  (sutura   limbosa). 
Similarly  false  sutures  may  articulate  by  margins  which  are  scale- 
like (sutura  squamosa),  e.g.  in  the  squanioso-parietal  suture ;  or  by 
rough  opposed  surfaces  (sutura  harmonia),  e.g.  in  the  suture  between 
the  palate  plates  of  the  superior  maxillary  bones.     There  is  one 
variety  of  synarthrosis  which,  in  the  adult,  can  scarcely  be  called  a 
suture,  although   the   differences   are   of  minor   importance,   viz. 
Bchindyleala,  which  is  an  articulation  between  the  edge  of  a  plate- 
like bone,  such  as  the  rostrum  of  the  sphenoid,  and  the  cleft  in 
another,  such  as  the  vomer. 

Synchondrosis.— Illusti-ations  of  this  group  can  only  be  found  *'"■  ^^^^'^ 
in  the  young  growing  individual,  because  as  age  advances  and 
growth  ceases,  the  process  of  ossification  affects  the  hyaline  cartilage  which  con- 
stitutes the  uniting  medium,  and  the  plane  of  articulation  disappears.  Under  this 
heading  we  may  include  the  planes  of  junction  between  all  epiphyses  and  the 
shafts  or  diaphyses  to  which  they  sever^y  belong.  The  occipito-sphenoid  (Fig. 
204)  and  the  petro-jugular  articulations  in  the  base  of  the  skull  provide  other 
well-marked  examplea 

MOVABLE  JOINTS. 

The  leading  features  of  this  group  are  capability  of  moTement  and  pemuuiencfl. 
In  very  few  instances  do  such  joints  ever  become  ohUterated  under  normal  con- 
ditions. Determining  their  permanence,  and  regulating  the  amount  of  possible 
movement,  there  is  always  more  or  less  of  interruption  in  the  continuity  of  the 
structures  which  bind  the  osseous  elements  together.  That  is,  there  is  always  some 
evidence  of  a  joint  cavity,  although  as  a  matter  of  course  such  interruption  oan 
never  he  so  extensive  as  to  entirely  disassociate  the  articulating  elements.  There- 
fore in  all  movable  joints  a  new  class  of  structures  ia  found,  viz.  the  ligaments,  by 
means  of  which  continuity  is  maintained  even  when  all  the  other  uniting  media 
have  given  place  to  a  joint  cavity.  The  further  subdivision  of  thin  group  is  founded 
upon  the  amount  of  movement  permiasiblo,  and  the  extent  to  which  the  joint  cavity 
takes  the  place  of  the  original  continuous  uniting  medium.  Thus  we  obtain  the 
partly  movable  or  ampMarthroses,  and  the  freely  movable  or  diarthrosas. 

An  amphiarthrosis  (Fig.  208)  presents  the  following  characteristics:  (a) 
partial  movement;  (6)  union  by  ligaments  and  by  an  interposed  plate  or  disc  of 
fibro-cartilage,  in  the  interior  of  which  there  ia,  (c)  an  incomplete  or  partial  joint 
cavity  which  may  be  lined  by  a  rudimentary  synovial  membrane  whose  function  it 
is  to  secrete  a  lubricating  fluid,  the  synovia  or  joint-oil;   (<f)  a  plate  of  hyaline 
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curtiLige  coating  each  of  the  opposing  surtaces  of  the  bones  concerned.  All  the 
joints  belonging  to  this  group  occur  in  the  mcBial  plane  of  the  body.  It  includes 
the  Bymphysis  pubis,  the  joints  between  the  bodies  of  the  vertebrse,  and  the  joint 
bi.-tweeu  the  manubrium  sterni  and  the  gladiolus. 

A  diarthroaia  (Fig.  206)  is  the  most  elaborate  as  well  as  the  most  complete  form 
of  articulation.     It  is  characterised  by  {a)  capability  of  movement  which  is  more  or 
less  free  in  its  range ;  (6)  a  reduction  of  the 
uniting  structureB  to  a  aeries  of  retaining  liga- 
ments ;    (c)  a  joint    cavity    which   is    only 

Uioited  by  the   surrounding   ligament*;   (rf)  ^Animim 

the  constant  presence  of  synovial  membiane ;  "    '*'' 

(_e)  hyaline  encrusting  cartilage  which  clothes  j^im 

the  opptsed  surfaces  of  the  articulating  bones.  npiuie 

The  majority  of  the  joints  in  the  adult  belongs    '  Bynovni 

to  tliia  group.     This  series  of  joints  has  been  mmibiMie 

Bulxlivided  into  a  number  of  minor  sections,   " 
in    order    to   emphasise    the    occurrence    of 
certain    well-marked  structural  features,  or 
l>ecause  of  the  particular  nature  of  the  move- 
ment    by    which    they    are     characterised. 

Although  in  all  diarthroses  there  is  a  certain      ^''"^  -""■  ~'"*'""j"  ,^^  *  diamhrodul 
amount  of  gliding   movement   between   the 

opposed  surfaces  of  the  bones  wliich  enter  into  their  formation,  yet,  when  this  gliding 
movement  becomes  their  prominent  feature,  as  in  most  of  the  joints  of  the  carpus  and 
tanius,  they  are  termed  arthrodia.  But  bones  may  he  articulated  together  so  as  to 
permit  of  movement  in  one,  two,  or  more  fixed  axes  of  movement,  or  in  modifications 
of  thaw  axes.  Thus  in  uniaxial  Joists  the  axis  of  movement  may  lie  in  the  longi- 
tudinal axis  of  the  joint,  in  which  case  the  rotatory  form  of  joint  results,  as  in 
the  superior  and  inferior  radio-ulnar  iirticulations  ;  or  it  may  correspond  with  the 
transverse  axis  of  the  articulation,  as  in  the  elbow-joint  and  knee-joint,  when  the 
Kingljrmtu  or  hinge  Tuiety  results.  If  movement  takes  place  about  two  principal 
axes  situated  at  right  angles  to  each  other,  as  iu  the  radio-carpal  joint,  the  terms 
bi&zial  or  condyloid  are  applied.  Movements  occurring  about  three  principal  axes 
placed  at  right  angles  to  each  otlier,  or  in  modifications  of  these  positions,  con- 
stitute moltiazial  joints,  in  which  the  associated  structural  peculiarities  provide  the 
alternative  terms  of  enarthrodlal  or  ball-asd-socket  joints. 

STRUCTUKES  WHICH  ENTER  INTO  THE  FORMATION  OF  JOINTS. 

The  structures  which  enter  into  the  formation  of  joints  vary  with  the  nature 
of  the  articulation.  In  every  instance  there  are  two  or  more  skeletal  elements, 
whether  bones  or  cartilages,  and  in  addition  there  are  the  uniting  media,  which  are 
either  simple  or  elaborate  according  to  the  provision  made  for  rendering  the  joint 
more  or  leas  rigid  or  capable  of  movement.  We  have  already  seen  that  the  uniting 
medium  in  synarUirodial  Joints  is  a  remnant  of  the  common  matrix,  whether  fibro- 
vascular  membrane  or  hyaline  cartilage,  in  which  ossification  has  extended  from 
separati!  ceatrea  Among  the  amphiarthroses  there  is  still  extensive  union  between 
the  opposing  surfaces  of  the  articulating  bones,  but  the  character  of  the  uniting 
medium  has  advanced  from  the  primitive  embryonic  tissue  to  fibrous  and  fibro- 
cartilaginous material,  as  well  as  hyaline  cartilage.  These,  with  very  few  exceptions, 
are  permanent,  non-ossifying  substances,  such  as  may  be  seen  between  the  opposing, 
osseous  surfaces  of  two  vertebral  bodies.  The  joint  cavity,  more  or  less  rudimentary, 
is  confined  to  the  centre  of  the  fibro-cartilaginous  plate,  and  may  result  from  the 
softening  or  imperfect  cleavage  of  the  central  tissue.  It  may  also  present  rudiments 
of  a  synovial  membrane. 

In  the  diarthrodial  group  the  extensive  cavity  has  produced  great  interruption 
in  the  continuity  of  the  uniting  structures  which  originally  existed  between  the 
bones  forming  such  a  joint.  Ligaments  have  therefore  additional  importance  in 
thifl  group,  for  not  only  do  they  constitute  the  uniting  media  which  bind  the 
articiilating  bones  together,  but  to  a  lai^  extent  they  form  the  peripheral 
18 


258  THE  ARTICULATIONS  OK  JOINTS. 

boundary  of  the  joint  cavity,  although  nut  equally  developed  in  all  poeitioDs. 
Thus  every  diarthrodial  joint  posaesaes  a  fibrous  or  ligamentous  envelope  or 
capBUle  which  is  attached  to  the  adjacent  ends  of  the  articulating  bones.  For 
special  purposes,  particular  parts  of  the  capsule  may  undergo  enlargemeDt  and 
thickening,  and  so  constitute  strong  ligamentous  bands,  although  still  forming coa- 
tinuouB  constituents  of  the  capsule. 

Within  the  capsule  a  series  of  intracapsular  structures  are  present.  Thus  the 
capsule  itself  is  always  lined  by  a  synoTial  membraiie,'  which  is  continued  from  the 
inner  surface  of  the  capsule  to  the  surface  of  the  intracapsular  portion  of  each 
articulating  bone.  The  part  of  the  bone  included  within  the  capsule  consists  of  s 
"  non-articular  "  portion  covered  by  synovial  membrane,  and  an  "  articular  "  portion 
covered  by  encrusting  hyaline  cartilage.  The  latter  provides  the  surface  which 
comes  into  apposition  with  the  corresponding  area  of  another  bone.  In  its  general 
disposition  the  synovial  membrane  may  be  likened  to  a  cylindrical  tube  open  »t 
each  end.  This  membrane  is  richly  supplied  by  a  close  network  of  vessels  aDd 
nerves. 

Cert€iin  diarthroses  present  additional  intracapsular  structures  which  may  be 
distinguished  as  interarticular  ligaments  and  interarticular  fibro-cartilages. 

Interarticol&r  ligaments  extend  between  and  are  attached  to  non-articular  areas 
of  the  intracapsular  portions  of  the  articulating  bones.  They  usually  occupy  the 
long  axis  of  the  joint,  and  occasionally  they  widen  sufficiently  to  form  partilioas 
which  divide  the  joint-cavity  into  two  compartments,  e.g.  the  costo-central,  and 
certain  of  the  chondro-sternal  joints. 

Interarticular  flbro-c&rtilages  or  menisci  (Fig.  207)  are  more  or  less  complete 
partitions  situated  between  and  separating  opposing  articular  surfaces,  and  when 
complete  they  divide  the  joint  cavity  into  two  distinct  compartments.     By  its 
periphery,  a  meniscus  is  rather  to  be  associated 
with  the  joint  capsule  than  with  the  articu- 
lating bones,  although  its  attachments  lua; 
extend  to  non-articular  areas  on  the  latter. 
Both  interarticular  ligaments  and  menisci 
gjno,^,  have  their  free  surfaces  covered  by  synorial 

numbi.™  membrane. 

HeniMui  Adipose  tissue  forming  pads  of  varying  size 

m^^ne  '^  usually  fouud  in  certain  localities  within 

Joint  the  joint,  between  the  synovial  membrane  and 

"^  _    the  surfaces  which  it  covers.     These  pads  are 

(mpnk  soft  and  pliable,  and  act  as  packing  material, 

fillitig    up  gaps    or   intervals   in    the  joint 
During  movement  they  adapt  themselves  to 
Fra.  207.  -Dm^ham  c  a  DtABTHBowAL  JOINT  ^^^  chaDging  conditions  of  the  articuUuon. 
WITH  AN  iNTBHARTicuLAH  MuKiBcus  DiviD-       Ifl  oddllion  to  mcrcly  binding  together  two 
iNu  THB  Joint  ■  Cavity  into  two  Cob-  or  more  articulating  bones,  ligaments  perform 
very  important  functions  in  connexion  with 
the  diSerent  movements  taking  place  at  a  joint.     They  do  not  appreciably  lengtheo 
under  struins,  and  thus  ligaments  may  act  as  inhibitory  structures,  and  by  becom- 
ing tense  may  restrain  or  check  movement  in  certain  directions. 

Synovial  membranes,  iu  the  form  of  closed  saca  termed  Bjnovul  bnrsffl,  are  frequently  found 
in  otter  Bituations  besides  ibe  interior  of  joinU.  Such  bursie  are  developed  for  the  purpose  of 
reducing  tbe  friction,  (n)  between  the  integument  and  certain  prominent  aiUtciitaneous  tonv  pro- 
jections, as,  for  itiBtaiice,  the  point  of  the  elbow,  or  the  front  surface  of  the  patella  (subcatauKiut 
Hynovial  biirete) ;  (6)  between  a  tendon  and  some  Burface,  bony  or  cartilaginouB,  over  which  it 
plajs  (subtendinous  synovial  bursie) ;  (c)  between  a  tendon  or  a  group  of  tendons  and  tlie  walls 
uf  oflteo-fascial  tunnels,  in  which  they  play  (thecal  synovial  biirsie).  Subtendinous  Bjnoriil 
hure:e  are  often  placed  in  the  neiglibourliood  of  joints,  and  in  such  casew  it  not  infreqninlly 

'  The  Wno  "  aynovinl  membrwie  "  b»a  beeu  so  loug  iu  use  that  one  hesitates  to  iliaeircl  it,  even  nlHiough  l*' 
structure  bo  ilescribed  is  not  in  many  caseji  capable  of  being  remottd  fMm  the  objects  of  whitb  it  forms  *  f>^ 
A  more  precise  destTlptioD  in  these  canes  would  be  "synovial  mrrace."  Tliere  ie  slill  comidenblt  Jd°''' 
whether  the  "synovial  fluid  "  is  a  true  secretion  or  merely  a  lUbittid  rrictioo  product 
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happens  that  there  Is  a  direct  contmuity  between  the  bursa  and  the  synovial  membrane  which 
lines  the  cavity  of  the  joint  through  an  aperture  in  the  joint  capsule, 

THE  DIFFERENT  KINDS  OF  MOVEMENT  AT  JOINTS. 

Eeference  has  already  been  made  to  the  existence  of  fixed  axes  of  movement  as 
a'basiB  for  the  classification  of  certain  forms  of  diarthrodial  joints.  Hence  it  is 
evident  that  the  movements  which  are  possible  at  any  particular  joint  depend  to  a 
large  extent  upon  the  shape  of  its  articular  surfaces  as  well  as  upon  the  nature  of 
its  various  ligaments.  Therefore  the  technical  terms  descriptive  of  movements 
either  indicate  the  directions  in  wliich  they  occui,  or  else  the  character  of  the  com- 
pleted movement. 

In  the  great  majority  of  articulations  between  short  bones,  the  amount  of  move- 
ment is  so  restricted,  and  the  displacement  of  the  opposing  articular  surfaces  so 
slight,  that  the  term  gliding  sufficiently  expresses  its  character. 

A  gliding  movement  of  an  extensive  kind,  for  example  that  of  the  jjatella  upon  the  femur,'  in 
which  the  movement  largely  resembles  that  of  the  tyre  of  a  wheel  revolving  in  contact  with  the 
ground  so  that  different  parts  are  successively  adapted  to  each  other,  is  called  co-aptation. 

Articulations  between  long  bones,  on  the  other  hand,  are  usually  associated 
with  a  much  freer  range  of  movement,  with  a  corresponding  variety  in  its  character. 
Rotation  is  a  movement  about  an  axis  which  is  longitudinal.  Sometimes  it  is  the 
only  form  of  movement  which  a  joint  possesses ;  at  other  times  it  is  merely  one  of  a 
series  of  movements  capable  of  execution  at  the  same  joint.  Flexion  or  bending  is 
a  movement  in  which  the  formation  of  an  angle  between  two  parts  of  the  body  is 
an  essential  feature.  As  it  is  possible  to  perform  this  movement  in  relation  to  two 
axes,  viz,  a  transverse  and  an  antero-posterior  axis,  it  is  necessary  to  introduce 
qualifying  terms.  Thus,  when  two  anterior  or  ventral  surfaces  are  approximated, 
a«  at  the  hip-,  elbow-,  or  wrist-joints,  the  movement  is  called  ventral,  anterior,  or 
palmar  flexion ;  but  if  posterior  or  dorsal  surfaces  be  approximated  by  the  process  of 
bending,  then  the  flexion  becomes  posterior  or  dorsi-flexion,  as  at  the  knee-  or  wrist- 
joints  Further,  at  the  wrist-joint,  the  formation  of  an  angle  l>etween  the  ulnar 
border  of  the  hand  and  the  corresponding  aspect  of  the  forearm,  produces  ulnar 
flexion,  and  similarly  the  bending  of  the  hand  towards  the  radial  border  of  the 
forearm  is  radial  flexion. 

Extension  or  straightening  consists  in  obliterating  the  angle  which  resulted  from 
flexion.  In  the  case  of  certain  joints,  therefore,  such  as  the  elbow,  wrist,  and  knee, 
the  segments  of  the  limb  occupy  a  straight  line  as  regards  each  other  when 
extended. 

At  the  ankle-joint  the  natural  attitude  of  the  foot  to  the  leg  in  iiexion  at  a  right  angle.  The 
diminution  of  this  angle  by  approximating  the  dorsum  of  the  foot  towards  the  front  of  tlie  leg 
con»tituUi»  flexion  ;  while  any  effort  at  placing  tlie  foot  and  leg  in  a  straight  line,  i.e,  obliteration  of 
the  angle,  as  in  pointing  the  toes  towards  the  ground  and  raising  the  heel,  (.onstitutes  extendc/iu 

Abdnetion  is  a  term  which  either  expresses  movement  of  au  entire  limb,  in  a 
direction  away  from  the  mesial  plane  of  the  body,  or  of  a  digit,  away  from  the 
plane  of  the  middle  finger  in  the  hand,  or  the  plane  of  the  second  toe  in  the  case 
of  the  foot. 

Adduction  is  the  reverse  of  abduction,  and  signifies  movement  towards  the 
mesial  plane  of  the  body,  or  towards  the  planes  indicated  for  the  digits  of  the  hand 
and  foot. 

Gircomdnction  is  a  movement  pecuharly  characteristic  of  multiaxial  or  ball- 
and-socket  jointa  It  consists  in  combining  such  angular  movements  as  flexion, 
extension,  abduction,  and  adduction,  so  as  to  continue  the  one  into  the  other, 
whereby  the  joint  forms  the  apex  of  a  cone  of  movement,  and  the  free  end  of  the 
limb  travels  through  a  circle  which  describes  the  base  of  this  cone. 

THE  DEVELOPMENT  OF  JOINTS. 

Just  as  the  question  of  structure  determines  to  a  large  extent  the  presence  or  absence 
of   movement  in  joints,   so  in   tracing  their   development  it  will    be   found    that   the 
18  a 
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manner  of  their  appearance  forecasts  their  ultimate  destination  as  immovable  or  mov- 
able articulations. 

All  joints  arise  in  mesodermic  tissue  which  has  undergone  more  or  less  differentiation. 

When  this  differentiation  has  produced  a  continuous  membranous  layer,  in  which 
ossific  centres  representing  separate  skeletal  segments  make  their  appearance,  we  get  the 
primitive  form  of  suture.  The  plane  of  the  articulation  merely  indicates  the  fimit  of 
the  ossific  process  extending  from  different  directions.  If,  again,  the  differentiation  of 
the  mesoblast  has  resulted  in  the  formation  of  a  continuous  cartilaginous  layer,  in  which 
ossification  commences  at  separate  centres,  the  plane  of  the  articulation  is  marked 
out  by  the  unossified  cartilage — in  other  words,  the  articulation  is  a  synchondrosis.  Ulti- 
mately this  disappears  through  the  extension  of  the  process  of  oesiGcation. 

To  some  extent  sutures  also  disappear,  although  their  complete  obliteration  is  not 
usual  even  in  aged  people.  Developmentally,  therefore,  synarthroses  or  immovable 
joints  do  not  present  any  special  structural  element,  and,  speaking  generally,  they  have 
only  a  temporary  existence. 

The  development  of  all  movable  joints  is  in  marked  contrast  to  that  of  synar- 
throses. Not  only  are  they  permanent  arrangements  so  far  as  concerns  normal  conditions, 
but  they  never  arise  merely  as  planes  which  indicate  the  temporary  phase  of  an  ossific 
process.  From  the  outset  they  present  distinct  skeletal  units,  from  which  the  special 
structures  of  the  joint  are  derived. 

The  primitive  movable  joint  is  first  recognised  as  a  mass  of  undifferentiated  meso- 
dermic cells  situated  between  two  masses,  which  have  differentiated  into  primitive  cartilage. 

The  cell -mass  which  constitutes  the  joint -unit  presents  the  appearance  of  a  thick 
cellular  disc,  the  proximal  and  distal  surfaces  of  which  are  in  accurate  apposition  with  the 
primitive  cartilages,  while  its  circumference  is  defined  from  the  surrounding  mesoderm  by 
a  somewhat  closer  aggregation  of  the  cells  of  which  the  disc  is  composed.  From  this 
cellular  disc  or  joint-unit  all  the  structiires  characteristic  of  amphiarthrodial  and  diar- 
throdial  joints  are  ultimately  developed. 

Thus  by  the  transformation  of  the  circumferential  cells  into  fibrous  tissue  the  invest- 
ing ligaments  are  produced.  Within  the  substance  of  the  disc  itself  a  transverse  cleft, 
more  or  less  well-defined  and  complete,  makes  its  appearance.  In  this  manner  the  disc  is 
divided  into  proximal  and  distal  segments,  separated  from  each  other  by  an  interval 
which  is  the  primitive  joint  cavity.  This  cleft,  however,  never  extends  so  far  as  to  inter- 
rupt the  continuity  of  the  circumferential  part  of  the  disc  which  develops  into  the  fibrous 
tissue  of  the  investing  ligaments.  From  the  proximal  and  distal  segments  of  the 
articular  disc  the  various  structures,  distinctive  of  movable  joints,  are  developed. 

Thus,  in  amphiarthrodial  joints  the  cellular  articular  disc  or  primitive  joiut-unit  gives 
origin  to  the  following  structures : — From  its  circumference,  investing  ligaments ;  from 
its  interior,  the  fibro-cartilaginous  plate  or  disc  in  which  an  imperfect  joint  cavity  with 
corresponding  imperfect  synovial  may  be  found. 

In  the  case  of  a  diarthrodial  joint  the  changes  take  place  on  a  more  extended  scale. 
The  joint  cavity  becomes  a  prominent  feature,  in  relation  to  which  the  surroundiDg 
fibrous  structures  form  an  investing  capsule,  lined  by  a  synovial  membrane. 

When  a  single  cleft  arises,  but  does  not  extend  completely  across  the  longitudinal  axis 
of  the  articular  disc,  the  undivided  portion  develops  into  fibrous  interarticular  ligaments. 
On  the  other  hand,  when  two  transverse  clefts  are  formed,  that  portion  of  the  cellular 
disc  which  remains  between  them  becomes  transformed  into  a  fibro-<»Lrtilaginous  inter- 
articular disc  or  meniscus,  which  in  its  turn  may  either  be  complete  or  incomplete,  and 
thus  we  may  obtain  two  distinct  synovial  joint  cavities  belonging  to  one  articulation.^ 

In  considering  the  development  of  the  synovial  membrane,  and  the  surfaces  on  which 
it  is  found  in  the  interior  of  a  joint,  it  is  necessary  to  keep  clearly  in  mind  that  a  synovial 
membrane  is  a  special  structure,  whose  function  it  is  to  produce  a  lubricating  fluid  or 
synovia,  and  that,  therefore,  its  position  is  determined  by  the  essential  necessity  of 
proximity  to  a  direct  blood-supply.  In  other  words,  this  condition  is  provided  by  all 
parts  of  the  interior  of  a  joint  cavity  except  the  articular  encrusting  cartilage.  Conse- 
quently synovial  membrane  is  only  absent  from  the  free  surface  of  articular  cartilage, 
although  it  forms  a  thicker  layer  upon  the  inner  surface  of  the  joint  capsule  than  upon 
the  free  surfaces  of  interarticular  ligaments  and  menisci. 

'  From  a  series  of  observations  upon  the  development  of  diarthrodial  joints,  the  writer  considers  that 
there  is  evidence  to  show  that  the  **  cellular  articular  disc "  is  directly  responsible  for  the  prodoction  of 
the  epiphyses  which  adjoin  the  completed  joint  cavity,  and  that,  among  such  amphiarthroses  as  exist 
between  the  bodies  of  vertebrse,  not  only  the  intervertebral  disc,  but  the  proximal  and  distal  epiphyses 
which  ultimately  unite  with  the  vertebral  bodies  have  a  common  origin  in  the  joint-unit 
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It  is  not  uecessary  to  suppose  that  the  synovial  membrane  has  disappeared  from  these 
articular  cartilages  as  the  result  of  friction,  because,  notwithstanding  constant  friction, 
such  parts  as  the  interior  of  capsular  ligaments  or  the  semilunar  cartilages  of  the  knee- 
joint  have  not  been  denuded  of  their  synovial  covering. 

MORPHOLOGY  OF  LIGAMENTS. 

From  what  has  been  said  in  connexion  with  the  development  of  joints,  it  will  be  evident 
that  ligaments  are  essentially  products  derived  from  the  cellular  articular  disc 

Nevertheless,  in  relation  to  the  fully-formed  joint,  many  structures  are  described  as  ligaiuents 
which  do  not  take  origin  in  the  manner  just  indicated  Some  of  these  ligamentous  structures 
remain  furly  distinct  from  the  capsular  u^ments  with  which  they  are  immediatelv  associated  ; 
otheis  become  thoroughly  incorporated  with  the  capsular  ligaments  and  cannot  oe  separated 
therefrom,  while  yet  others  may  oe  found  situated  within  the  capsule  of  a  joint,  and  thus  play 
the  part  of  interarticular  ligaments. 

Instances  of  each  of  these  forms  of  adventitious  ligaments  may  be  readily  given.  For 
example,  we  may  instance  the  expansion  of  the  tendon  of  the  semimembranosus  muscle  to  the 
posterior  li^ment  of  the  knee-joint,  and  the  offshoots  from  the  tendon  of  the  tibialis  posticus 
muscle  to  the  plantar  aspects  of  various  tarsal  bones,  as  illustrations  of  structures  which  play 
an  important  part  as  ligaments,  but  are  not  indelibly  incorporated  with  the  joint  capsule. 

Of  structures  which  have  become  indelibly  incorporatea  with  the  primitive  capsule,  we  may 
instance  the  broad  tendinous  expansions  of  the  quadriceps  extensor  muscle  around  the  knee-joint 

The  internal  lateral  ligament  of  the  same  joint  is  regarded  as  a  detached  portion  of  the 
tendon  belonging  to  that  part  of  the  adductor  magnus  muscle  which  takes  origin  from  the 
ischium,  while  the  external  lateral  ligament  of  the  knee  is  considered  by  some  to  be  the  primi- 
tive femoral  origin  of  the  peroneus  longus  muscle.  Another  illustration  of  the  same  condition 
in  found  in  tlie  coraco-humeral  ligament,  which  is  regarded  by  some  as  representing  a  detached 
portion  of  the  pectoralis  minor  muscle. 

Two  illustrations  may  be  given  of  structures  playing  the  part  of  ligaments  within  the 
capsule  of  a  joint,  although  in  the  first  instance  they  are  not  developed  as  ligaments.  It  is 
questionable  if  the  ligamentum  teres  of  the  hip-joint  is  an  interarticular  lieament  in  the  true 
sense  of  the  term  ;  it  has  been  regarded  as  the  isolated  and  displaced  tendon  of  tne  ambiens  muscle 
found  in  birds.  In  the  shoulder-joint,  many  observers  look  upon  the  superior  gleno-humeral 
ligament  as  representative  of  the  li^mentum  teres. 

Such  structures  as  the  stylohyoid  ligament  and  the  internal  lateral  ligament  of  the  temporo- 
mandibular joint,  although  described  as  ligaments,  are  in  reality  skeletal  parts  which  have  not 
attained  their  complete  ossific  development 

Again,  certain  portions  of  the  deep  or  muscular  fascia  of  the  body  which  become  specialised 
into  restraining  ana  supporting  bands  (e.g.  the  ilio- tibial  band  of  the  fascia  lata ;  the  stylo-mandi- 
bular  ligament ;  the  anterior  and  posterior  annular  ligaments  of  the  wrist-joint ;  the  anterior, 
inner,  and  outer  annular  ligaments  of  the  ankle-joint),  although  called  ligaments,  have  no 
direct  developmental  association  with  articular  ligaments. 

Lastly,  the  licament  of  Poupart  and  the  ligament  of  Gimbemat,  being  special  developments 
in  connexion  with  an  expandea  tendon  or  aponeurosis,  are  still  further  removed  from  associa- 
tion with  an  articulation. 
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All  vertebraB,  vrith  the  exception  of  those  which  deviate  from  the  common 
vertebral  type,  present  two  sets  of  articulations  whose  various  parts  are  arranged 
upon  a  uniform  pattern.  Thus  every  pair  of  typical  vertebrae  presents  an  articula- 
tion between  the  centra,  termed  intercentral,  and  a  pair  of  articulations  between 
the  neural  arches,  called  intemenral.  With  the  latter  there  are  associated  various 
important  accessory  ligaments  which  bind  together  laminae,  spinous  processes,  and 
transverse  processes. 

Intercentral  Articulations. — These  are  amphiarthrodial  joints.  Singly,  they 
present  only  a  slight  degree  of  mobility,  but  when  this  amount  of  movement  is 
added  to  that  of  the  whole  series,  the  range  of  movement  of  the  spine  becomes 
considerable.  The  articular  surfaces  are  the  flattened  surfaces  of  adjacent  vertebral 
iKKiies.     They  are  bound  together  by  the  following  structures : — 

Interrertebxal  Discs  (fibro-cartilagines  intervertebrales.  Fig.  208). — Each  disc 
accommodates  itself  to  the  space  it  occupies  between  the  two  vertebral  bodies,  to 
both  of  which  it  is  firmly  adherent.  The  discs,  from  different  parts  of  the  spinal 
column,  vary  in  vertical  thickness,  being  thinnest  from  the  third  to  the  seventh  dorsal 
vertebra,  and  thickest  in  the  lumbar  region.  In  the  cervical  and  lumbar  regions 
each  disc  is  thicker  in  front  than  behind,  therebv  assisting  in  the  production  of  the 
18  6 
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anterior  convexity  which  characteriseB  the  spinal  column  in  these  two  regions.  In 
the  dorsal  region  the  disce  are  thinnest  on  their  anterior  aspects  in  correspondence 
with  the  anterior  concavity  of  this  section  of  the  spine. 

Each  disc  coosista  of  a  circumferential  portion  (annulus  fibroeus),  formed  for 


Fio.  IMS.— Mesial  Section  thuouoh  a  Portion  op  the  Lumbar  Past  o 


the  most  part  of  oblique  parallel  libres  running  from  one  vertebra  to  the  other. 
Horizontal  fibres  are  also  found.  The  axial  or  central  part  of  the  disc  is  elastic, 
soft,  and  pulpy  (nucleus  pulpoaus).' 

The  upper  and  lower  surfaces  of  the  disc  are  closely  adherent  to  the  adjoining 


UiuFlgnHiit 
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epiphyseal  plates  of  the  vertebral  bodies,  and  as  ossification  advances,  the  distinc- 
tion between  epiphyseal  plates  and  vertebral  body  disappears. 

As  a  rule  the  transverse  diameter  of  the  disc  corresponds  to  that  of  the  verte- 
bral bodies  which  it  joins  together ;  but  in  the  cervical  region,  where  the  lower 

a  certain  CMel  it  in  more  or  less  dividcJ 
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[Dargin  of  the  superimposed  vertebra  is  overlapped  on  each  side  bj  the  one  which 
bears  it,  the  disc  does  not  extend  to  the  extreme  lateral  margin,  and  in  this  position 
a  small  diarthrosis  may  be  seen  at  each  lateml  margin  of  the  disc. 

The  oaterior  common  ligam«at  (lig.  longitudinals  anterius.  Fig.  209)  consists 
or  a  wide  stratum  of  longitudinal  fibres  which  extends  from  the  front  of  the  axis 
vertebra  to  the  front  of  the  upper  segment  of  the  sacrum,  and  becomes  gradually 
wider  &om  above  downwards.  It  lies  in  front  of  the  intervertebral  discs,  to  which 
it  is  firmlv  attached  as  it  passes  from  one  vertebra  to  the  other.  Its  fibres  vary  in 
length.  Some  are  attached  to  contiguous  margins  of  two  adjoining  vertebrte ; 
others  pass  in  front  of  one  vertebra  to  be  attached  to  the  next  below,  and  yet 
others  find  their  lower  attachment  three  or  four  vertebrte  below  the  one  from  which 
they  started.  None  of  the  fibres  are  attached  to  the  transverse  depression  on  the 
front  of  a  vertebral  body. 

The  pOBterior  common  ligament  (lig.  longitudinale  posterius,  Fig.  210)  is  found 
within  the  spinal  canal  upon  the  posterior  aspect  of  the  vertebral  bodies.     It  con- 
sists  of  longitudinal  fibres,  aud  it  extends  from 
the  backofthesacrum  to  the  axis  vertebra,  superior 
to  which  it  is  continued  to  the  skull  as  the  posterior 

oGcipito-axial  ligament.     Opposite  each  interverte-  .eiMbJ." 

bral  disc  it  is  attached  to  the  entire  width  of  the  divideu 

adjacent  margins  of  the  two  vertebral  bodies,  its 

fibres  being  continued  over  the  posterior  surface  of  Fo.t«rior 

the  disc.     In  the  lumbar  and  dorsal  regions  the  ntsmBnt 

width  of  the  ligament  is  considerably  reduced 
opposite  the  back  of  each  vertebral  body,  and  thus 
it  forms  a  series  of  dentate  projections  along  botti 
of  its  margins ;  but  in  the  cervical  region  the 
width  of  the  ligament  is  more  uniform.  int^iveru- 

One  or  two  large  thin-walled  veins  escape  from  ^ifn^^ou, 

the  body  of  each  vertebra  under  cover  of  this  liga-  <"« 

ment. 

Internenral  Articulations.— The  neural  arch 
of  each  typical  vertebra  carries  two  pairs  of 
articular  processes,  by  means  of  which  it  articu- 
lates with  adjacent  neural  archcit.  The  articu- 
lations l>etween  these  processes  are  true  diarthroses 
of  the  arthrodiftl  variety.  P'"-  ^j,"  7H^^*"HTMBT"coLiiMr""''* 

The  distinctive  characters  of  these  articular  sur- 
faces, as  regards  their  shape  and  direction  in  the  different  groups  of  vertebrse,  have 
been  referred  to  in  the  section  on  osteology. 

All  these  articulations  are  provided  with  complete  but  very  thin-walled  cap- 
mlaa  (capsule  articulares),  which  are  thinnest  and  loosest  in  the  cervical  region, 
where   also   the   movements   are   freest.      Each   capsule   is   lined   by  a  STuovial 


Associated  with  these  intemeural  joints  are  certain  ligaments  which  are 
accessory  to  the  articulations,  although  they  are  quite  distinct  from  the  capsule. 

The  laminae  of  adjoiniug  vertebrae  are  bound  ti'gether  by  the  lisamenta  subflava 
(ligamenta  flava  vel  subflava.  Fig.  21 1),  which  consist  of  yellow  elastic  fibres.  The 
li^menta  subflava  close  the  spinal  canal  in  the  intervals  between  the  laminse. 
Each  ligament  is  attached  superiorly  to  tlie  anterior  aspect  of  one  lamina  at  a 
short  distance  above  its  lower  border,  and  inferiorly  it  is  attached  to  the  posterior 
aspect  of  the  i^ubjaceDt  lamina. 

In  the  dorsal  region,  where  the  imbrication  of  adjoining  laminse  is  a  prominent 
feature,  these  ligaments  are  not  so  distinctly  visible  from  behind  as  they  are  in  the 
regions  where  imbrication  of  the  laminae  is  not  so  marked. 

laterally  they  extend  as  far  as  the  articular  capsules,  white  mesially  the  margins 
of  the  ligaments  of  opposite  sides  meet  under  cover  of  the  root  of  the  spinous  process. 

Contiguous  pairs  of  spinous  processes  are  also  attached  to  each  other  by  inter- 
•pinou  licunents  (ligamenta  interspinalia,  Fig.  208).     These  are  strongest  in  the 
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lumbar,  and  weakest  in  the  dorsal  region.     E^h  consists  of  layers  of  oliliquelr 
interlacing  fibres  which  spring  from  near  the  tips  of  the  two  adjacent  spines  and 

radiate  to  their  opposing 
margins.  In  the  antero- 
posterior direction  the*' 
extend  from  the  base  to 
the  tip  of  the  Bpinoiis 


The  Bupnspinoiu  lics- 
ments  (ligg.  supra- 
spinalia,  Fig.  208)  consist 
of  longitudinal  bands  of 

fibres  of  varying  lengths 
They  extend  from  spine 
to  spine,  being  attach)^  to 
Iheirtips.andaresitiia  ted 
superficial  to,  although 
in  continuity  with,  the 
interspinous  ligaments. 
In  the  cervical  region 
this  series  of  ligaments 
'^  ia  extensively  deTeloi>ed, 
where  they  project  bark- 
wards  from  the  spinous 
processes  between  the 
muscles  of  the  two  sides 
of  the  neck  in  the  fonn 
iTm-AroF'^THrfcimToV'TRrvE^RBH^^^  JHK  ^^  '^   elastic   partitioD 

pediclbb.  called    the    ligamratnin 

nuclue. 
The  antero-posterior  extent  of  the  ligamentuiii  uiichie  increases  as  it  approaches 
the  occiput,  where  it  is  attached  to  the  occipital  crest  from  the  external  occipit4d 
protuberance  to  the  posterior  iKirder  of  the  foramen  magnum.  Its  posterior  margin 
is  free,  and  extends  from  the  external  occipital  protuberance  to  the  spine  of  the 
vertebra  prominens. 

Between  the  transverse  processes  there  are  intertruuiTeTse  ligameotB  (ligg.  int^r- 
transversaria),  which  consist  of  vertical  fibres  extending  from  the  postero-inferior 
aspect  of  one  transverse  process  to  the  superior  margin  of  that  next  below.  These 
ligaments  are  generally  absent  from  the  cervical  and  upper  dorsal  regions. 

Sacro-coccy^eal  Joint. — The  last  piece  of  the  sacrum  is  joined  to  the  first 
piece  of  the  coccyx  by  an  intervertebral  disc,  and  the  junction  is  rendered 
more  secure  by  the  presence  of  certain  strong  ligaments.  An  anterior  ligamsnt 
(lig.  sacro-coccygeum  nnterius),  continuous  with  the  anterior  common  ligament,  is 
placed  in  front.  A  posterior  ligament  (lig.  sacro-uoccygeum  posterius),  which 
stretcher  downwards  from  the  sharp  border  of  the  lower  opening  of  the  sacral 
canal,  strengthens  the  joint  behind.  A  lateral  ligament  (lig.  sacro-coccygeum 
laterale)  siipporta  the  joint  on  each  side,  whilst  strong  bands  pass  between  the 
cnrnua  of  the  two  bones  and  constitute  the  intenuticular  ligaments. 

Inter-Goccygeal  Joints. — So  long  as  they  remain  separate,  the  different  pieces 
of  the  coccyx  are  joined  by  intervertebral  discs  and  by  anterior  and  posterior  liga- 
ments. 

Movements  of  the  Vertebral  Oolninn.— Although  the  amount  of  niovinicm  pemiis^ible 
butween  any  two  vertebra!  is  t-xtreinely  limited,  yet  the  total  range  of  movement  capable  of 
being  attained  by  the  entire  vertebral  column  is  verv  considerable. 

nezion  may  occur  both  forwaidB  and  backwards  at  the  intei'central  articulations,  but  more 
freely  in  the  himbar  and  cervical  regions  than  in  the  domal  region,  where  the  limiteil  amount  of 
hiten-ertebral  disc  and  the  iiiibricalion  of  the  laminrc  and  spines  restrict  the  movemi-iiL  Back- 
ward flexion  is  moat  pronounced  in  the  cervical  region,  and  forward  Hcxion  in  the  lumbar  region. 
Between  the  articular  surfaces  of  the  inl«menra1  artJculatJonB  a  variety  of  movements  are  per- 
mitted, dependent  upon  the  directions  of  these  surfaces.    Thus  lateral  flezion  ia  permitt«a  id 
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the  Inmhar,  but  not  in  the  cerrical  or  dornal  resiotiH,  Again,  in  the  lumbar  i«^on  rotation 
does  not  occur,  owiiif;  to  the  shape  of  the  articular  processes,  while  it  is  possible  in  the  dorsal 
FE^on.  In  the  cervical  i^on  the  ehape  ai»l  petition  of  the  articular  surfaces  prevent  the 
occurrence  both  of  lateral  flexion  and  of  rotation  as  iaolat<?d  movcmenta,  but  a  combination  of 


thcee  two  movements  may  take  plaice,  whereby  rotatory  movement  in  an  oblique  media 
resTilts.     Finallj,  in  the  liunbar  region,  by  combining  the  four  forms  of  flexion,  rlz.  forward, 
backward,  and  lateral,  a  certain  amount  of  circnndnction  is  poenible. 

Articulation  of  Atlas  with  Axis. 

Between  these  two  vertebrae  three  diarthroses  occur.  Two  of  tlieiii  are 
situated  laterally  in  relation  to  the  articular  processes,  and  are  called  artlirodial 
dmrthroees,  because  of  the  flattened  nature  of  the  articulating  surfaces.  The  third 
articulation  is  meeial  in  position.  It  is  found  between  the  smooth  anterior  surface 
of  the  odontoid  process  of  the  axis  and  the  articular  facet  on  the  posterior  aspect  of 
the  anterior  arch  of  the  atlas.     This  joint  is  a  rotatory  diarthrosis. 

Ligaments.— Each  of  the  joints  is  furnished  with  a  capenlar  ligament  whereby 
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the  joint  cavity  is  circumscribed.  In  the  case  of  the  lateral  articulations,  each 
capsular  ligament  presents  a  distinct  band,  named  the  accesaory  ligament,  which  is 
situated  within  the  neural  canal  (Fig.  21:.!),  and  passes  downwards  and  inwards 
from  the  lateral  mass  of  the  atlas  to  the  superior  aspect  of  the  body  of  the  axis. 

The  following  additional  ligaments  constitute  the  leading  bonds  of  union  r — 

The  anterior  atlo-axoid  ligament  (Fi<{.  212)  is  a  luembraoous  structure  which  is 
thin  laterally,  but  strong  mesially  where  it  is  thickened  by  a  prolongation  of  the 
anterior  common  ligament.  It  extends  from  the  anterior  arch  of  the  atlas  to  the 
front  of  the  body  of  the  axin. 

The  poaterior  atlo-azoid  ligament  (Fig.  212)  occupies  the  position  which  is 
elsewhere  taken  by  the  ligaiiienta  subflava.  It  extends  from  the  posterior  arch 
of  the  atlas  to  the  upper  border  of  the  neural  arch  of  the  axis. 

The  transretBe  ligament  of  the  atlaa  (lig.  transvoreum  atlantis,  Figs.  212  and 
213)  is  a  strong  band,  placed  transversely,  which  arches  backwards  behind  the 
neck  of  the  odontoid  process  of  the  axis.  By  its  extremities  it  is  attached  to  the 
tnbercle  on  the  inner  aspect  of  each  lateral  mass  of  the  atlas.  A  thin  plate  of 
fibro-cartilage  is  developed  in  its  central  part. 

SynoTial  nismbnuie  lines  each  of  the  three  capsular  ligaments,  and  in  addition  a 
synovial  sac  ia  developed  between  the  odontoid  process  and  the  transverse  ligament. 
This  is  more  extensive  than  the  synovial  cavity  between  the  odontoid  process  and 
the  atlas. 
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Articulation  of  Spink  with  Cranium. 


There  are  two  articulations  between  the  atlas  and  the  occiput.  Each  is  a 
diarthrosis  in  which  movement  takes  place  in  relation  to  two  axes,  viz.  the 
transverse  and  the  antero-posterior.  The  condyle  of  the  occiput  being  biconvex, 
fits  into  the  biconcave  superior  articular  surface  of  the  atlaa,  while  the  long  axes  ol 
the  two  joints  are  directed  horizootally  forwards  and  inwards. 

Ligaments. — Each  articulation  is  provided  with  a  c&psolar  Ugamsnt  which  is 
thin  but  complete.  It  is  attached  to  the  rough  non-articular  surfaces  surrounding 
the  articular  ureas  on  the  atlaa  and  occiput. 

The  following  supplementary  ligaments  are  the  chief  structures  which  bind  the 
atlas  to  the  occiput : — 

The  anterior  occipito-atloid  ligament  (membrana  atlanto-occipitahs  anterior, 
Fig.  212)  is  a  strong  although  thin  membrane,  attached  inferiorly  to  the  anterior 
arch  of  the  atlas,  and  superiorly  to  the  anterior  half  of  the  circumference  of  the 
foramen  magnum.  Laterally  it  is  in  continnity  with  the  capsular  ligaments,  while 
in  the  mesial  plane,  where  it  extends  from  the  anterior  tubercle  of  the  atlaa  to  the 
basi-occiput,  it  presents  a  specially  well-defined  thickened  band  which  might  Ix- 
r^arded  as  a  separate  accessory  ligament  or  as  the  beginning  of  the  anterior 
common  ligament  of  the  vertehne. 

The  posterior  occipito-atloid  ligament  (membrana  atlanto-occipitalis  posterior, 
Fig.  212)  is  another  distinct  but  still  thin  membrane  which  is  attached  superiorly 
to  the  posterior  half  of  the  circumference  of  the  foramen  magnum,  and  inferiorly  to 
the  upper  border  of  the  posterior  arch  of  the  atlas.  Laterally  it  also  is  continuous 
with  the  capsular  ligaments.  On  each  side  of  the  mesial  plane  its  inferior  border 
is  arehed  in  relation  to  the  vertebral  groove,  and  is  therefore  to  some  extent  free, 
in  order  to  permit  the  passage  of  the  posterior  primary  division  of  the  first  cervical 
nerve  and  the  vertebral  artery.  Not  infrequently  this  arched  border  becomes 
ossified,  thus  converting  the  groove  in  the  hone  into  a  foramen. 

Synovial  membrane  lines  each  of  the  capsular  ligaments.  There  is  no  direct 
articulation  between  the  axis  and  the  occiput,  but  union  between  them  is  eifected 
by  means  of  the  following  accessory  ligaments : — 

The  posterior  occipito-ozoid  ligament  (membrana  tectoria.  Fig.  213)  is  situated 
within  the  neural  canal,  and  is  usually  regarded  as  the  upward  continuation  of  the 
posterior  comnran  ligament  of  the  vertebral  bodies.     It  extends  from  the  posterior 


Fio.  213.— Dissection  from  bbbrid  or  thi  Lioaments  coknbctino  tub  Oocipn'AL  Bcms,  tbb  Atus, 

surface  of  the  body  of  the  axis  to  the  basilar  groove  on  the  upper  surface  of  the 
basi-occipital  bone,  spreading  laterally  on  the  circumference  of  the  foramen 
magnum.  Some  of  its  deepest  fibres  are  attached  to  the  atlas  immediately  above 
the  atlo-axoid  articulation. 
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Subjacent  to  the  preceding  ligament  there  is  the  ligamentnm  cmciatom  atluitis 
(Fig.  213),  a  structure  which  is  very  closely  associated  with  the  lig.  traDSvereum 
atlantia.  It  consietB  of  a  eras  transversum,  formed  by  the  Buperticial  fibres  of 
the  transverse  UgBment  of  the  atlas  ;  a  eras  inferius,  coueiBtiDg  of  mesial  longi- 
tudinal fibres  which  are  attached  below  to  the  pceterior  surface  of  the  body  of  the 
ttxis,  and  above  to  the  crus  transversum  and  a  erua  guperius,  also  mesial  and 
longitudinal,  whose  fibres  extend  from  the  crus  transversum  upwards  to  the 
posterior  surface  of  the  basi-ocoiput,  immediately  subjacent  to  the  posterior 
oocipito-axoid  ligament. 

The  check  ligaments  or  lateral  odontoid  lisaments  (ligaments  alaria.  Fig.  213)  are 
two  very  powerful,  short,  and  somewhat  rounded  bands.  They  are  attached  nieaially 
to  the  sides  of  the  summit  of  the  odontoid  process,  and  laterally  to  the  tubercle 
on  the  inner  aspect  of  the  condylar  portions  of  the  occipital  bone,  viz.  the  ex- 
occipital  bonea 

The  middle  odontoid  ligament  (ligamentum  apicis  dentis.  Fig.  213)  consists  of 
fibres  running  vertically  upwards  from  the  apex  of  the  odontoid  process  to  the 
mesial  pan  of  the  anterior  margin  of  the  foramen  magnum.  This  ligament 
to  some  extent  represents  an  intervertebral  disc,  in  the  centre  of  which  remains  of 
the  Botochord  may  be  regarded  as  present. 

Even  in  advanced  life  a  small  lenticular  mass  of  cartilage,  completely  sur- 
rounded by  bone,  persists  in  the  plane  of  fusion  between  the  odontoid  process  and 
the  body  of  the  axis. 

Hovements  at  these  Joints.— At  the  joints  between  wiimt  and  atlns  the  move luents  are 
very  simple,  and  conaixt  ementially  of  movements  whereby  the  bead  is  elevated  and  depressed 
upon  the  vertebral  colunm  (nodding  moren)eiil«).  In  addition  a  certain  amount  of  oblique 
movement  ia  pomiblt;,  during  which  great  stability  is  attained  by  resting  the  front  and  hiudei 
portB  of  opposite  condyles  upon  corresponding  parts  of  the  attaa. 

The  heail  and  the  atlas  rotate  together  upon  the  axis,  the  nivot  of  ustatioii  bvin^  the  odontoid 

Kocess,  and  tbe  amount  of  rotation  is  limited  by  the  check  ligaments.  No  rotation  can  occur 
tween  tbe  ocdpnt  and  atlas,  and 
Btability  between  atlas  and  axis  is 
best  attainttl  afti^r  a  Kltgbt  amount 
of  rotation,  similar  to  thi;  oblique 
movement  between  octiput  and 
atlas. 

TEMPORO-M.^NDlBULAIt 
JOINT. 

This  joint  is  an  arthrodial 
diarthroaJB.  It  occurs  between 
the  articular  part  of  the  glenoid 
fossa  of  the  temporal  bone  and 
the  condylar  head  of  the 
mandible.  These  two  articular 
surfaces  are  marked  ly  d  isai  mi  lar 
both  in  size  and  shape.  In  its 
general  outline  the  articular 
surface  of  the  head  of  the 
mandible  is  cylindrical,  having 
its  long  axis  directed  from 
within  outwards  and  forwards. 
On  the  other  hand,  the  articular 
part  of  the  glenoid  fossa  in 
front  of  the  Glaserian  fissure 

is  concavo-convex  from  behind  ^'°-  SU.-Tbmpobo-Mandidu.ab  Joint. 

forwards.  Its  articular  surface  includes  the  eminentia  articulnria,  the  eminence  at 
the  base  of  the  anterior  root  of  the  zygoma.  The  articular  surtaces  of  the  bones 
are  clothed  by  hyaline  encrusting  cartilage,  whilst  the  joint  cavity  is  divided  into 
an  upper  and  lower  part  by  a  meniscus  of  fibro-cartilnge. 

Xagaments. — The  joint  is  invested  by  a  capsnlar  ligament  which  is  quite  com- 
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plete,  but  is  very  tliiD  on  the  ianer  aide.     The  outer  wall  of  the  capsule — the 

extanial  lateral   lisame&t  (lig.  teuiporo-maudibiilare.  Fig.  214) — ia  divisible   IdU) 

anterior  and  poBlerior  portions  which  are  attached  Buperiorly  to  the  rix)t  tubercle 
and   lower   border    of    the   zygoma,    and 
■|      ^  :|  inferiorly  to  the  outer  side  and  poaterior 

oorder  of  the  neck  of  the  mandible.  The 
direction  of  ite  fibres  ia  downwards  and 
backwards. 

Within  the  capsule  there  is  an  inter- 
articular  disc  or  meniscus  of  libro-caitilage, 
the  discus  ajticnlaris  (Fig.  205),  which  is 
moulded  upon  the  condyle  of  the  mandible 
below,  and  on  the  articular  surface  of  the 
temporal  bone  above.  It  thus  compensates 
for  the  incongruity  between  the  articular 
surfaces  of  the  two  bones.  The  disc  is 
attached  circumferentiaUy  to  the  capsule. 
It  is  widest  in  the  transverse  direction, 
'"''  thicker  behind  than  in  front,  and  thinnest 
towards  the  centre,  where  it  may  be  per- 
forated.    Its  anterior  margin  is  intimately  associated  with  the  insertion  of  the 

external  jiterygoid  uiuscle. 

A  synovial  membrane  lines  each  of  the  compartments  into  which  the  joint 

cavity  is  divided  by  the  meniscus.     As  a  rule  these  membranes  ate  separate  from 

each  other,  but  they  become  continuous  when  the  disc  is  perforated.     The  upper 

synovial  membrane  is  larger  and  more  loosely  disposed  than  the  lower. 

Situated  on  the  mesial  aspect  of  the  joint,  but  at  a  short  distance  from  it,  and 

quite  distinct  from  the  cupsule,  there  is  an  accessory  liand  called  the  internal 

lateral  Ugament  (hg.  spheno-mandi- 

bulare.  Fig.  216).     Superiorly  it   is 

attached  to  the  spinous  process  of  the  

great  wing  of  the  sphenoid  bone,  and   spiieni^i.uiiuii.iii>r    j^      "--.r^ 

inferiorly  to  the  lower  as  well  as  the 

hinder    border   or    lingula    of     the 

inferior  dental  foramen.    It  is  not  an 

articular  ligament  in  the  true  sense, 

forinatead  of  being  connected  with  the 

joint,  it  is   developed  in  the   tissue 

surrounding  part  of  Meckel'acartilage. 
Portions  of  the  following  structures  are 

found  in  the  interval  between  the  spheuo- 

mandibular  ligament  and   the  ascending 

raniuB  of  the  mandible — viz.  the  external 

pterygoid     niUBclc  ;      internal     maxillary 

vessels ;  inft-rior  dental  vessels  and  nerve ; 

middle   meningeal  vessels  j   auriculo-tem- 

{>oral  nen'c  ;  a  deep  )>ortioii  of  tlie  parotid 

MovementB  of  the  Handible. — The  nature  of  the  muvementd  which  the  loner  jaw  lun 

perform  is  determined  partly  by  the  characterof  the  articular  Biirfaces  of  the  temporo- mandibular 
joint,  and  partly  by  the  fact  that,  while  the  two  joints  always  act  simultaneously,  they  may 
also,  to  some  extent,  perform  the  Name  movement  alternately. 

When  movement  takes  place  through  the  long  or  transverse  horizontal  axis  of  each  joint, 
the  mandible  may  be  elevated,  as  in  clenching  the  teeth,  or  it  may  be  depressed,  as  in  gaping. 
In  the  latter  movement  the  condyle  leaves  the  glenoid  fossa,  and,  along  with  the  nienitieu3,  it 
moves  forwards  until  they  rest  upon  the  articular  eminence.  Meantime  the  chin  describes  ihe 
arc  of  a  circle,  of  which  the  centre  or  point  of  least  movement  corresponds  to  the  position  of  the 
inferior  dental  foramen,  and  thus  the  structures  which  enter  at  that  foramen  are  protected 
against  stretching.  Coincidentl^  with  the  forwanl  movement  of  the  condyle,  it  glides  in  a 
revolving  manner  upon  the  inferior  asiiect  of  the  meniscus. 

At  any  ptage  in  the  movement  ot  depressing  the  chin  the  mandible  may  be  protruded,  so 
that  the  inferior  inci»>r  teeth  are  proiected  in  front  of  the  upper  set,  a  movement  which  reeults 
from  the  condyles  of  the  jaw  being  drawn  forwards  upon  the  articular  eminenn-s.    A  similar 
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ivlation  of  the  condyle  to  the  articular  eminence  occurs  during  the  exaggerated  depression  of 
tile  mandible  which  results  from  yavming,  in  which  position  the  articulation  is  liable  to  be 
tiisUxTAted.  When  the  two  joints  perform  the  same  movement  alternately,  a  certain  amount  of 
lateral  motion  results,  from  the  fact  that  the  long  axis  of  each  joint  presents  a  slight  obliquity 
to  the  transverse  axis  of  the  skull,  and  consequently  a  grindiiur  or  oblique  movement  in  the 
horizontal  plane  is  produced.  Excessive  depression,  with  the  risK  of  dislocation,  is  resisted  by 
the  fibres  of  the  external  lateral  ligament  which  becomes  tense. 

In.  all  movements  of  the  mandmle  the  meniscus  conforms  closely  to  the  position  of  the  con- 
dyle, and  they  move  forwards  and  backwards  together,  but  at  the  same  time  the  meniscus  does 
not  restrict  the  movements  of  the  condyle.  Thus  while  the  meniscus,  along  with  the  condyle,  is 
gliding  upon  the  temporal  aspect  of  the  joint,  the  condyle  itself  revolves  upon  the  inferior 
surface  of  the  meniscua 

Cranial  Ligaments  not  directly  associated  with  Articulations. 

The  stylo-mandibular  ligament  (lig.  stylo-mandibulare,  Figs.  214  and  216)  is  a 
specialised  portion  of  the  deep  cervical  fascia  which  extends  from  the  anterior  aspect 
of  the  tip  of  the  styloid  process  of  the  temporal  bone  to  the  posterior  border  of  the 
angle  of  the  mandible,  between  the  insertions  of  the  masseter  and  internal  pterygoid 
muscles. 

The  pteiygo-spinous  ligament  (lig.  pterygo-spinosum)  is  a  membrane  extending 
from  the  upper  part  of  the  posterior  free  margin  of  the  external  pterygoid  plate, 
backwards  and  slightly  outwards,  to  the  spinous  process  of  the  sphenoid.  An 
interval  is  left  between  its  upper  border  and  the  floor  of  the  skull  for  the  outward 
passage  of  those  branches  of  the  inferior  maxillary  nerve  which  supply  the 
external  pterygoid,  temporal,  and  masseter  muscles.  This  ligament  h£is  a  tendency 
to  ossify  either  wholly  or  partially. 

The  fltylo-hyoid  ligament  (Ug.  stylo-hyoideum)  may  be  regarded  as  the  down- 
ward continuation  of  the  styloid  process  of  the  temporal  bone.  Inferiorly  it  is 
attached  to  the  lesser  comu  of  the  hyoid  bone.  It  is  not  infrequently  ossified,  in 
which  case  it  constitutes  the  epihyal  bone  found  in  many  animals. 
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Oosto-vertebral  articulations  (articulationes  costo-vertebrales).  The  typical 
rib  articulates  with  the  vertebral  column  both  by  its  head  and  by  its  tubercle. 
Thus,  two  sets  of  articulations,  'with  their  associated  ligaments,  exist  between  the 
ribs  and  the  vertebrse,  but  each  set  is  constructed  upon  a  common  plan,  with  the 
exception  of  certain  joints  situated  at  the  upper  and  lower  ends  of  the  series,  where 
the  ribs  themselves  deviate  from  the  typical  form. 

Costo-Ckntral  Joints. 

The  articulations  of  the  heads  of  the  ribs  with  the  centra  or  bodies  of 
the  vertebrae  (articulationes  capitulorum,  Fig.  209)  are  all  diarthroses,  which,  from 
their  somewhat  hinge-like  action,  may  be  ck^sed  as  ginglymoid. 

The  head  of  every  typical  rib  is  wedge-shaped,  and  presents  two  articular 
facets,  an  upper  and  a  lower,  separated  from  each  other  by  an  antero-posterior 
ridge  which  abuts  against  an  intervertebral  disc,  while  the  articular  facets  articu- 
late with  similar  surfaces  on  the  contiguous  margins  of  the  two  vertebrse  adjoining 
the  disc.  These  surfaces  form  a  wedge-shaped  depression  or  cup,  the  bottom  of 
which  is  more  elastic  than  the  sides,  and  thus  an  arrangement  is  provided  which 
tends  to  reduce  the  shock  of  blows  upon  the  walls  of  the  chest. 

Each  of  these  articulations  is  provided  with  a  capsular  ligament  which 
surrounds  and  encloses  the  joint,  and  is  attached  to  contiguous  non-articular 
margins  on  the  head  of  the  rib  and  the  two  vertebral  bodies.  On  its  anterior  or 
ventral  aspect  the  capsule  presents  three  radiating  fasciculi  which  collectively  form 
the  stellate  or  anterior  costo-vertebral  ligament  (lig.  capituli  costse  radiatum.  Fig. 
209).  These  fasciculi  radiate  from  a  centre  on  the  front  of  the  head  of  the  rib,  so 
that  the  middle  fasciculus  becomes   attached  to  the   intervertebral  disc    while 
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the  upper  and  lower  fasciculi  proceed  to  the  adjacent  margins  of  the  two  vertebrae 
between  which  the  disc  is  situated,  and  with  which  the  rib  articulates.  To  a  slight 
extent  these  radiating  fasciculi  pass  under  cover  of  the  lateral  margin  of  the  anterior 
common  ligament  of  the  vertebral  bodies.  In  those  joints  in  which  the  head  of 
the  rib  does  not  articulate  with  an  intervertebral  disc  the  central  fasciculus  of 
the  stellate  ligament  is  wanting,  but  the  other  two  retain  the  same  general 
arrangement. 

The  interarticular  ligament  (lig.  capituli  costa3  interarticulare)  consists  of  short 
transverse  fibres  within  the  capsule.  These  are  attached,  on  the  one  hand,  to 
the  ridge  which  intervenes  between  the  two  facets  on  the  head  of  the  rib,  and 
on  the  other  to  the  lateral  aspect  of  the  intervertebral  disc.  This  ligament 
is  not  a  meniscus,  but  merely  an  interarticular  ligament^  of  width  sufficient 
to  divide  the  joint  cavity  into  an  upper  and  a  lower  compartment.  It  is  absent 
from  those  joints  which  do  not  articulate  with  an  intervertebral  disc,  i.e.  from 
those  ribs  which  only  articulate  with  the  body  of  one  vertebra. 

The  interarticular  ligament  is  supposed  to  represent  the  outer  end  of  a  ligament  which, 
under  the  name  of  the  lig.  conjugale  costamm,  connects  the  heads  of  the  ribs  of  certain  mammals 
across  the  posterior  aspect  of  the  intervertebral  disc,  and,  in  the  human  subject,  until  the 
seventh  month  of  fcetal  life,  connects  the  posterior  aspects  of  the  necks  of  a  pair  of  ribs  with  each 
other  across  the  mesial  plane. 

Synovial  membrane  lines  each  joint  cavity,  and  therefore,  in  all  cases  where  the 
joint  is  divided  into  two  compartments,  each  one  has  its  own  synovial  lining. 

Costo-Transvkrse  Joints. 

The  tubercle  of  each  typical  rib  articulates  with  the  transverse  process  of  the 
lower  of  the  two  dorsal  vertebrae  with  which  the  head  of  the  rib  is  associated 
(articulatio  costo-transversaria).  Near  the  tip  of  the  transverse  process  there  is 
an  articular  facet,  on  its  anterior  aspect,  for  articulation  with  the  corresponding 
facet  on  the  mesial  articular  part  of  the  rib  tubercle.  The  joint  so  formed  is  an 
arthrodial  diarthrosis. 

The  joint  cavity  is  surrounded  by  a  comparatively  feeble  capsular  ligament. 
which  is  attached  immediately  beyond  the  margins  of  the  articular  facets,  and  in 
which  no  special  bands  can  be  distinguished. 

A  simple  synovial  membrane  lines  the  capsular  ligament  in  all  cases  where  the 
latter  is  present. 

The  following  accessory  ligaments,  in  connexion  with  this  joint,  strengthen  and 
support  the  articulation : — 

The  anterior  or  superior  costo-transverse  ligament  (ligamentum  costo-transver- 
sarium  anterius,  Fig.  209)  consists  of  strong  bands  of  fibres  which  are  attached  to 
the  upper  border  of  the  neck  of  the  rib,  extending  from  the  head  outwards  to  the 
non-articular  part  of  the  tubercle.  All  these  fibres  may  be  traced  upwards.  Those 
situated  nearest  to  the  head  of  the  rib  proceed  obliquely  upwards  and  outwards,  to 
be  attached  to  the  transverse  process  immediately  above,  but  with  extensions  to  the 
adjoining  rib  and  its  costo-transverse  capsular  ligament.  Others  proceed  almost 
vertically  upwards  to  the  adjoining  transverse  process,  while  those  which  ascend 
from  the  upper  surface  of  the  tubercle  pass  obliquely  upwards  and  inwards  to  reach 
the  postero- inferior  aspect  of  the  adjoining  transverse  process. 

The  posterior  costo-transverse  ligament  (ligamentum  costo-transversarium  pos- 
terius)  is  a  band  of  transverse  fibres  applied  to  the  postero-external  aspect  of  the 
capsule.  By  one  end  these  fibres  are  attached  to  the  tip  of  the  transverse  process 
behind  its  articular  facet,  and  by  the  other  to  the  external  rough  surface  of  the 
tubercle  of  the  rib. 

The  middle  costo-transverse  ligament  (lig.  coUi  costa3)  consists  of  short  fibres 
which  stretch  from  the  posterior  aspect  of  the  neck  of  the  rib,  backwards  and  in- 
wards, to  the  front  of  the  transverse  process,  but,  in  addition,  a  proportion  of  the 
fibres  passes  to  the  posterior  aspect  of  the  inferior  articular  process  of  the  upper  of 
the  two  vertebrae  with  which  the  head  of  the  rib  articulates. 
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The  following  exceptions  to  the  general  plan  of  rib-articulation  indicated  above 
must  be  noted : — 

1.  There  is  no  articulation  between   the  eleventh  and  twelfth  ribs  and  the 

transverse  prcfcesses  of  the  corresponding  vertebrae. 

2.  The  superior  costo-transverse  ligament  is  wanting  from  the  first  rib,  and  is 

either  rudimentary  or  wanting  in  the  case  of  the  twelfth  rib. 

3.  The  middle  costo-transverse  ligament  is  rudimentary  in  the  eleventh  and 

twelfth  riba 
The  ligamentimi  lumbo-costale  extends  from  the  upper  surface  of  the  base  of  the 
transverse  process  of  the  first  lumbar  vertebra  to  the  under  surface  of  the  neck  of 
the  twelfth  rib,  as  well  as  to  the  under  surface  of  the  transverse  process  of  the 
twelfth  dorsal  vertebra. 

Articulations  between  the  Eibs  and  their  Cartilages. 

Eich  rib  possesses  an  unossified  portion,  termed  its  costal  cartilage.  As  age 
advances,  this  cartilage  may  undergo  a  certain  amount  of  superficial  ossification, 
but  it  never  becomes  entirely  transformed.  The  line  of  demarcation  between 
bone  and  cartilage  is  clear  and  abrupt,  and  usually  the  bone  forms  an  oval  cup,  in 
which  the  end  of  the  cartilage  is  retained  by  means  of  the  continuity  which  exists 
between  the  periosteum  and  the  perichondrium.  There  is  no  articulation  in  the 
proper  sense  between  the  rib  and  its  cartilage,  although  a  synovial  cavity  has 
occasionally  been  found  between  the  first  rib  and  its  cartilage. 

Interchondral  Joints. 

These  articulations  are  arthrodial  diarthroses,  and  they  are  found  between  ad- 
joining margins  of  certain  of  the  costal  cartilages,  viz.  from  the  fifth  to  the  eighth 
or  ninth.  The  cartilages  which  thus  articulate  develop  flattened,  somewhat  conical, 
prolongations  of  their  substance,  and  thereby  the  intercostal  spaces  are  interrupted 
where  these  fiat  articular  facets  abut  against  each  other.  Each  joint  is  closed 
by  a  surrounding  capsular  ligament,  the  superficial  and  deep  aspects  of  which  are 
specially  strengthened  by  external  and  internal  interchondral  ligaments.  These 
bands  extend  obliquely  between  adjacent  cartilages. 

A  synovial  membrane  lines  each  joint  capsule. 

Costo-sternal  Joints. 

The  upper  seven  pairs  of  costal  cartilages,  as  a  rule,  extend  to  the  lateral 
margins  of  the  sternum  (articulationes  sternocostales).  Of  these,  the  first  pair  is 
implanted  directly  upon  the  manubrium  sterni.  The  ossific  process  ends  abruptly 
in  connexion  with  the  rib,  and  also  ceases  as  suddenly  in  connexion  with  the 
sternum,  and  hence  the  cartilage  does  not  normally  present  an  articulation  at 
either  end. 

From  the  second  to  the  seventh  pairs  of  ribs  inclusive,  the  costo-sternal  joints 
are  constructed  upon  the  type  of  arthrodial  diarthroses,  although,  in  the  case  of 
the  sixth  and  seventh  cartilages,  the  joint  cavity  is  always  small,  and  is  frequently 
obliterated. 

The  sternal  end  of  each  of  these  costal  cartilages  presents  a  slight  antero-pos- 
terior  ridge  which  fits  into  a  shallow  V-shaped  depression  upon  the  lateral  margin 
of  the  sternum.  With  the  exception  of  the  sixth  cartilage,  the  others  articulate 
opposite  the  lines  of  union  between  the  primary  segments  of  the  sternum,  whereas 
the  sixth  articulates  upon  the  side  of  the  lowest  segment  of  the  meso-sternum. 

Each  joint  is  enclosed  by  a  capsular  ligament,  composed  of  fibrous  tissue,  attached 
to  the  adjacent  borders  of  the  6u:ticulating  elements.  Specially  strong  fibres  dis- 
tinguish the  superficial  and  deep  aspects  of  the  capsule. 

The  anterior  costo-sternal  ligament  (lig.  costo-sternalium  radiatum,  Fig.  217)  is 
composed  of  strong  fibres  which  radiate  from  the  anterior  surface  of  the  costal 
cartilage,  near  its  sternal  end,  to  the  front  of  the  sternum.  The  ligaments  of 
opposite  sides  interlace  with  each  other,  and  so  cover  the  front  of  the  sternum  with 
a  felted  membrane — the  mombrana  st^mi. 
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The  posterior  coato-Bteni&l  ligunent — also  a  part  of  the  capsule — has  attach- 
ments similar  to  the  forejroing,  Imt  the  arrangement  of  its  fibres  ia  not  so  powerful. 

The  licamentiuD  costo-xiiilioidea  passeR  from  the  frout  of  the  upper  part  of  the 
xiphoid  cartilage,  obliquely  upwards  and  outwardfl  to  the  front  of  the  seventh,  and 
sometimes  to  the  front  of  the  sixth  costal  cartilage. 

Within  the  capsules  of  these  joints  mteruticuLir  ligaments  (ligg.  sterno-coetalia 
interarticularia.  Fig.  217)  may  be  found.    Their  disposition  is  eomewhat  uncertain,  for 
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whereas,  in  the  case  of  the  second  pair  of  cartilages,  they  invariably  divide  the  joint 
cavity  iato  two  distinct  compartments — an  upper  and  a  lower — such  an  arrange- 
ment is  very  uncertain  in  the  other  joints,  and  they  occasionally,  especially  io  the 
cases  of  the  sixth  and  seventh  cartilages,  entirely  obliterate  the  joint  cavity.  These 
ligaments  extend  horizontally  between  the  ends  of  the  costal  cartilages  and  the 
side  of  the  sternum. 

SynoTial  membrane  is  found  wherever  a  joint  cavity  is  developed,  and  therefore 
there  may  be  one  or  two  synovial  membranes,  according  to  the  presence  or  absence 
of  a  proper  interarticular  ligament.  When  the  joint  cavity  is  obliterated  by  the 
tibrous  structure  which  represents  the  interarticular  ligament,  a  synovial  membrane 
is  also  absent. 

Sternal  Abticulationb. 

Primarily  the  sternum  consists  of  an  elongated  plate  of  hyaline  cartilage,  which 
becomes  subdivided  into  segments  by  the  process  of  ossification. 

The  four  segments  of  which  the  gladiolus  is  originally  composed  unite  with 
each  other  after  the  manner  of  typical  synchondroses. 

Similarly  the  ensiform  cartilage  and  the  gladiolus  ultimately  become  united. 
It  is  not  usual  to  find  the  manubrio-gladiolai-  joint  obliterated  by  the  ossification  of 
the  two  bony  segments.  Even  in  advanced  life  it  remains  open,  and  the  joint  par- 
takes of  the  nature  of  an  amphiarthrosis  (Fig.  217),  although  a  joint  cavity  is  not 
found  under  any  circumstances  in  the  plate  of  fibro-cartilage  which  intervenes 
between  the  manubrium  and  the  gladiolus. 

The  memlprana  stami,  to  which  reference  has  already  been  made,  assists  in 
strengthening  the  union  between  the  different  segments  of  the  sternum. 

Horeme&te  of  the  Bibs  and  Stemnm.— These  movemenu  may  be  wnaideiod  either 
independently  of,  or  ae  aH8oi-iat«d  with,  r<ie|)iratiuiL 

In  the  former  condition  llie  rilfi  move  in  eonnuiion  with  flejion  and  extension  of  the 
vertt'bral  iJihiniii,  Iwing  more  or  li*a<  (lepri«»ed  an<l  ajiproiimated  in  the  former,  and  elevat«d  or 
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pulled  apart  in  the  latter  case.  Considered  in  connexion  with  respiration,  it  is  necessary  to 
observe  tnat^  to  all  intents  and  purposes,  the  vertebral  column  and  tlie  sternum  are  rigid  structures. 
Next  we  must  remember  that  the  heads  of  all  the  ribs  occupy  fixed  positions,  and  similarly 
the  anterior  ends  of  seven  pairs  of  cartilages  are  fixed  to  the  lateral  margins  of  the  sternum. 
The  ribs  thus  form  arches,  pi-esenting  a  large  amount  of  obliquity  from  behind  forwards.  There- 
fore, during  inspiration,  wnen  the  rib  is  elevated,  the  arch  becomes  more  horizontal,  and  the 
transverse  diameter  of  the  chest  is  increased.  At  the  same  time,  the  anterior  ends  of  the  sternal 
ribs  tend  to  thrust  the  sternum  forwards  and  upwai'ds ;  but  the  nature  of  the  attachment  of  the 
first  pair  of  ribs  to  the  sternum,  as  well  as  the  attachment  of  the  diaphragm  to  the  ensiform 
cartilage,  prevents  this  movement  from  becoming  excessive,  and  hence  the  sternum  becomes  a  line 
of  ref>istance  to  the  forward  thrust  of  the  ribs.  As  a  consequence,  the  ribs  rotate  upon  themselves 
about  an  oblique  axis  which  passes  downwards,  outwards,  and  backwards  through  the  capitular 
joint  and  the  neck  of  the  rib  anterior  to  the  costo- transverse  joint 

In  this  way  increase,  both  of  the  antero-posterior  and  transverse  diametera  of  the  thorax,  is 
provided  for,  although  the  amount  of  inci-ease  is  not  equally  pronounced  in  all  planea  Thus  at 
the  level  of  the  first  rib  very  little  eversion  is  possible,  because  the  axis  of  rotation  is  nearly 
tran^iverse,  and  therefore  any  increase  in  the  transverse  or  antero-posterior  thoracic  diameters  at 
this  level  may  be  disregarded,  although  a  certain  amount  of  elevation  of  the  manubrium  stemi 
and  anterior  end  of  the  first  rib  is  evident 

Below  the  level  of  the  sixth  rib  elevation  and  rotation  of  the  rib  during  inspiration  are 
luually  said  to  be  complicated  by  a  certain  amount  of  backward  movement,  due  to  the  character 
of  the  costo-transverse  joint,  until,  in  the  case  of  the  last  two  ribs,  which  are  destitute  of  costo- 
transverse joints,  a  movement  backwards  is  almost  entirely  substituted  for  elevation.  It  is 
proljable,  however,  that  the  movements  of  the  asternal  ribs  exactly^  correspond  to  those  of  the 
^*temal  series,  and  that  by  the  contraction  of  the  costal  digitations  of  the  diaphragm  the 
anterior  ends  of  the  asternal  ribs  are  provided  with  fixed  positions  comparable  to  those  supplied 
by  the  sternum  to  the  ribs  of  the  sternal  series. 

We  may  therefore  say  that  during  inspiration  the  ribs  move  upwards  and  outwards  between 
their  fixed  ends,  while  as  a  whole  the  rib  rotates,  and  its  anterior  end  is  thrust  slightly  forwards. 

During  expiration  these  movements  are  simply  reversed. 

THE  ARTICULATIONS  OF  THE  SUPERIOR  EXTREMITY. 

The  bony  arch  formed  by  the  clavicle  and  scapula  articulates  directly  with  the 
axial  skeleton  only  at  one  point,  viz.  the  stemo-clavicular  joint. 

ARTICULATIONS  OF  THE  CLAVICLE. 

The  Sterno-clavicular  Joint. 

The  sterno-clavicular  joint  (articulatio  sterno-clavicularis)  is  an  example  of  an 
arthrodial  diarthrosis.  The  articular  surfaces  concerned  in  its  formation  present 
the  following  appearances : — 

1.  The  sternal  end  of  the  clavicle  is  somewhat  triangular  in  outline,  having  its 
most  prominent  angle  directed  downwards  and  backwards.  The  anterior  and 
posterior  sides  of  the  triangle  are  slightly  roughened  for  the  attachment  of 
ligaments,  while  the  base  or  inferior  side  is  smooth  and  rounded,  owing  to  the 
prolongation  of  the  articular  surface  to  the  inferior  aspect  of  the  bone.  In  the 
antero-posterior  direction  the  articular  surface  tends  to  be  concave,  while  vertically 
it  is  slightly  convex. 

2.  An  articular  facet,  situated  on  the  superior  lateral  angle  of  the  manubrium 
sterni,  but  ia  a  plane  slightly  behind  the  supra-sternal  notch,  articulates  with  the 
clavicle.  Thisfacet  is  considerably  smaller  than  the  clavicular  facet  with  which  it 
articulates. 

3.  The  superior  surface  of  the  first  costal  cartilage  close  to  the  sternum  also 
jiarticipates  to  a  small  extent  in  the  articulation. 

It  should  be  noted  that  the  articular  surfaces  of  the  clavicle  and  sternum  are 
covered  mainly  by  fibro-cartilage. 

A  capsular  ligament  is  well  marked  on  all  sides  except  inferiorly,  where  it  is 
very  thin. 

The  anterior  stemo-clavicular  ligament  (Fig.  217)  forms  part  of  the  capsule,  and 
consists  of  short  fibres  which  extend  obliquely  downwards  and  inwards  from  the 
anterior  aspect  of  the  sternal  end  of  the  clavicle  to  the  adjoining  anterior  surface 
of  the  sternum  and  the  anterior  border  of  the  first  costal  cartilage. 

The  posterior  sterno-clavicular  ligament  also  forms  part  of  tlie  capsule,  and 
19 
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conBists  of  similarly  disposed,  but  not  so  strong,  oblique  fibres  situated  on  the 
posterior  aspect  of  the  articulation. 

A  fibro-caji:ilaginous  meniscus  (discus  articularis,  Fig.  217)  divides  the  joint 
cavity  into  two  compartments.  It  is  nearly  circular  in  shape,  and  adapts  itself  to 
the  articular  surfaces  between  which  it  lies.  It  is  thickest  at  the  circumference  and 
thinnest  at  the  centre,  where  it  occasionally  presents  a  perforation,  thereby 
permitting  the  two  synovial  cavities  to  intercommunicate.  By  its  circumference  it 
is  in  contact  with,  and  adherent  to,  the  surrounding  capsule,  but  its  upper  margin  i** 
attached  to  the  apex  of  the  articular  surface  of  the  clavicle,  while  by  its  lower 
margin  it  is  fixed  to  the  sternal  end  of  the  first  costal  cartilage. 

Two  accessory  ligaments  are  associated  with  this  joint,  viz.  the  interclavicular 
and  the  rhomboid. 

The  interclavicnlar  ligament  (Fig.  217)  is  a  structure  of  considerable  strength, 
forming  a  broad  band  of  fibrous  tissue  which  is  attached  to  the  superior  rounded  angle 
or  apex  of  the  sternal  end  of  the  clavicle  as  well  as  to  the  adjacent  margins  of  the 
articular  surface.  Its  fibres  pass  across  the  interclavicular  notch  to  become  attached 
to  corresponding  parts  of  the  opposite  clavicle,  but  in  their  course  they  dip  down  into 
the  suprasternal  notch,  in  which  many  of  them  are  fixed  to  the  sternum.  In  this 
way  their  presence  neither  bridges  nor  obliterates  the  notch  between  the  two 
clavicles,  and  the  ligament  really  becomes  a  superior  sterno-clavicular  hgament  for 
each  joint. 

The  rhomboid  ligament  (lig.  costo-claviculare.  Fig.  217)  consLsts  of  short,  strong 
fibres  which  are  attached  inferiorly  to  the  upper  suiface  of  the  first  costal  cartilage. 
They  pass  obUquely  upwards  and  outwards  to  a  rough  impression  situated  on  the 
lower  aspect  of  the  sternal  end  of  the  clavicle,  and  are  distinct  from  the  capsular 
ligament.     Occasionally  a  bursa  is  found  in  the  interior  of  this  ligament. 

As  a  rule  there  are  two  synovial  membranes  lining  the  two  joint  cavities  (Fig. 
217),  separated  from  each  other  by  the  interarticular  meniscus.  Sometimes,  however, 
the  two  membranes  estabUsh  continuity  through  a  perforation  in  the  meniscus. 

The  Acromio-clavicular  or  Scapulo-clavicular  Joint. 

The  acromio-clavicular  joint  (articulatio  acromio - clavicularis)  is  another 
instance  of  an  arthrodial  diarthrosis.  It  is  situated  between  the  acromial  end  ot 
the  clavicle  and  the  inner  aspect  of  the  acromion  process  of  the  scapula.  Kach 
articular  surface  is  an  oval,  flattened  facet,  covered  by  flbro-cartilage. 

The  ligaments  which  surround  this  small  joint  form  a  complete  capsule 
(capsula  articularis),  of  which  the  upper  and  lower  parts  are  specially  strong,  and 
are  therefore  named  the  superior  and  inferior  acromio-claviciilar  ligaments  (Fig.  219). 
These  consist  of  short  fibres  passing  between  the  adjacent  rough  margins  of  the 
two  bones  in  the  positions  indicated  by  their  names. 

A  menisctis  (discus  articularis),  which  is  nearly  always  incomplete,  and  may 
occasionally  be  wanting,  is  usually  found  within  the  joint  cavity,  where  it  lies 
obliquely,  with  its  upper  margin  farther  from  the  mesial  plane  than  its  lower 
margin,  and  having  its  borders  attached  to  the  surrounding  capsule.  Frequently 
the  meniscus  is  wedge-shaped,  with  its  base  directed  upwards  and  its  apex  free. 

A  synovial  membrane  is  found  forming  either  a  single  or  a  double  sac,  according  to 
the  condition  of  the  meniscus.  Complete  division  of  the  joint  cavity,  however,  is  rai*e. 

Ligamentum  Coraco-claviculare. — Accessory  to  this  articulation  there  is  the 
strong  coraco-clayicular  ligament  which  binds  the  acromial  end  of  the  clavicle  to 
the  coracoid  process  of  the  scapula.  It  is  readily  divisible  into  two  parts,  viz.  the 
conoid  and  trapezoid  ligaments. 

The  conoid  ligament  (Fig.  219)  is  situated  internal  to  and  shghtly  behind  the 
trapezoid.  It  is  narrow  and  pointed  at  its  inferior  end,  by  which  it  is  attached 
to  the  upper  aspect  of  the  coracoid  process,  in  close  proximity  to  the  suprascapular 
notch.  Its  upper  end  widens  out  in  the  manner  expressed  by  its  name,  and  is 
attached  to  the  conoid  tubercle  of  the  clavicle. 

The  trapezoid  ligament  (Fig.  219)  is  attached  inferiorly  to  the  upper  surface  of  the 
posterior  half  of  the  coracoid  process,  external  and  anterior  to  the  attachment  ot 
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the  conoid  ligament.  Superiorly  it  is  attached  to  the  trapezoid  ridge  on  the  under 
surface  of  the  acromial  end  of  the  clavicle.  Its  outer  and  inner  borders  are  free. 
Its  anterior  surface  is  principally  directed  upwards,  and  its  posterior  surface,  to  a 
similar  extent,  looks  downwards. 

A  synovial  buisa  usually  occupies  the  re-entrant  angle  between  these  two 
ligaments. 

MoTements  at  the  Olayicnlar  Joints. — The  movements  of  the  inner  end  of  the  clavicle  at 
the  ttemo-claviciilar  joint  are  limited  in  their  range,  owing  to  the  tension  of  the  ligaments. 
When  the  shoulder  is  raised  or  depressed  the  outer  end  of  the  clavicle  moves  upwards  and 
downwards,  whilst  its  sternal  end  glides  upon  the  surface  of  the  interarticular  meniscus  within 
the  joint ;  when,  on  the  other  hand,  the  shoulder  is  carried  forwards  or  backwards,  the  inner 
end  of  the  clavicle  along  with  the  interarticular  meniscus  moves  upon  the  sternal  facet  In 
addition  to  these  movements  of  elevation,  depression,  forward  movement  and  backward  move- 
ment of  the  clavicle,  there  is  also  allow^  at  the  sterno-clavicular  joint  a  certain  amount  of 
cLrconiduction  of  the  clavicle. 

The  part  which  is  played  by  certain  of  the  ligaments  in  restraining  movement  requires 
careful  consideration.  The  rhomboid  ligament  checKS  excessive  elevation  of  the  shoulder,  and 
Ttstrains  within  certain  limits  both  backward  and  forward  movement  of  the  clavicle.  When  the 
clavicle  is  depressed,  as  in  cases  where  a  heavy  weight,  such  as  a  bucket  of  water,  is  carried  in  the 
hand,  it  receives  support  by  resting  upon  the  first  rib,  and  the  tendency  for  the  inner  end  of  the 
bone  to  start  up  out  of  its  sternal  socket  is  obviated  by  the  tension  of  the  interarticular 
menisene,  the  interclavicular  ligament,  and  the  anterior  and  posterior  sterno-clavicular 
ligaments. 

The  interarticalar  meniscos  not  only  acts  as  a  cushion  which  lessens  the  shock  of  blows 
received  upon  the  shoulder,  but  it  also  acts  as  a  most  important  bond  of  union,  and  prevents  the 
inner  end  of  the  clavicle  from  being  driven  upwards  upon  the  top  of  the  sternum  when  force  is 
applied  to  its  outer  end. 

The  movements  at  the  acromio-dayicular  joint  are  of  such  a  kind  as  to  allow  the  infeiior 
angle,  and  to  some  extent  the  base  of  the  scapula,  to  remain  more  or  less  closely  applied  to  the 
che&t-wall  during  the  various  movements  of  the  shoulder.  The  strong  connexion  oetween  the 
coracoid  process  and  the  acromial  end  of  the  clavicle,  by  means  of  the  conoid  and  trapezoid 
ligaments,  renders  it  necessary  that  the  scapula  should  follow  the  clavicle  in  its  various 
excursions.  The  presence  of  the  acromio-clavicular  joint,  however,  enables  the  scapula  to  change 
its  position  somewhat  with  reference  to  the  clavicle  as  the  shoulder  is  moved  Thus,  when  the 
tshoolder  is  raised  and  depressed,  a  marked  difference  takes  place  in  the  angle  between  the  two 
bones ;  again,  when  the  shoulder  is  thrown  forwards  or  backwards,  these  movements  can  be 
perform^  without  altering  in  a  material  degree  the  direction  of  the  glenoid  cavity  of  the  scapula, 
or  in  other  words,  the  socket  of  the  shoulder-joint 

The  conoid  and  trapezoid  ligaments  set  a  limit  upon  the  movements  of  the  scapula  at  the 
acromio-clavicular  joint  They  both,  but  more  particularly  the  trapezoid  ligament,  prevent  the 
acromion  process  of  the  scapula  from  being  carried  inwara  below  tne  outer  end  of  the  clavicle 
when  blows  fall  upon  the  outer  aspect  of  the  shoulder. 

Ligaments  of  the  Scapula. 

These  ligaments  are  not  directly  connected  with  any  articulation.  The  coraco- 
acromial  ligament  (lig.  coraco-acromiale,  Fig.  219)  completes  the  arch  between  the 
coracoid  and  acromion  processes  of  the  scapula,  and  thus  provides  a  secondary 
socket  for  the  greater  protection  and  security  of  the  shoulder-joint.  It  is  a  flat 
triangular  structure  stretched  tightly  between  its  lines  of  attachment.  By  its  base 
it  is  fixed  to  a  varying  amount  of  the  postero-external  border  of  the  coracoid 
process,  and  by  its  narrower  apical  end  to  the  tip  of  the  acromion  process,  im- 
mediately external  to  the  acromio-clavicular  joint.  Its  surfaces  look  upwards  and 
downwards,  and  its  free  borders  outwards  and  inwards.  It  is  thinnest  in  the 
centre,  where  it  is  sometimes  x>^rforated  by  a  prolongation  of  the  tendon  of  the 
pectoralis  minor  muscle. 

The  saprascapular  ligament  (lig.  transversum  scapuldB  superius)  is  a  distinct  but 
short  flat  band  which  bridges  the  notch  of  the  same  name.  It  may  be  continuous 
with  the  conoid  ligament,  and  it  is  frequently  ossified.  As  a  rule  the  foramen 
completed  by  this  hgament  transmits  the  suprascapular  nerve,  while  the  corre- 
sponding vessels  travel  above  the  ligament  to  reach  the  supraspinous  fossa. 

A  small  duplicate  of  this  ligament  may  often  be  found  bridging  the  foramen  on 
its  ventral  aspect,  subjacent  to  which  small  branches  of  the  suprascapular  artery 
return  from  the  supraspinous  to  the  subscapular  fossa. 

The  spino-glenoid  ligament  (Ug.  transversum  scapulae  inferius)  consists  of 
another  set  of  bridging  fibres  which  are  situated  on  the  posterior  aspect  of  the 
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plete,  but  ia  very  thin  on  the  inner  aide.     The  outer  wall  of  the  capsule — the 

sztenuU  lateral   ligament  (lig.  teuporo-mandibiilare,   Fig.  ^14) — is  divisible  inui 

anterior  and  poaterior  portions  which  are  attached  superiorly  to  the  root  tubercle 

and   lower   border    of    the   zygoma,  and 

i      ^  %  inferiorly  to  the  outer  aide  and  poeterior 

£      =     !     t-r  BiiiiiienM.  »rti^.ii»H.     bordet  of  the  neck  of  the  mandible.     The 

direction  of  its  fibres  ia  downwards  and 

backwards. 

Within  the  capsule  there  is  an  inter- 
articular  disc  or  meniscus  of  iibro-cartilage, 
the  ducns  artictiUris  (Fig.  205),  which  ia 
moulded  upon  the  condyle  of  the  mandible 
below,  and  on  the  articular  surface  of  the 
temporal  bone  above.  It  thus  compensates 
for  the  incongruity  between  the  articular 
surfaces  of  the  two  bones.  The  disc  is 
attaclied  circumferentiaUy  to  the  capsule. 
It  is  widest  in  the  traaavorae  direction, 
Kiu.  ■ii5.-9ECTios^THi;oiTOH^THE  'l-isipoiio-  thickcr  behind  than  in  front,  and  thinnest 
towards  the  centre,  where  it  may  be  per- 
forated.    Ita  anterior  margin  is  intimately  associated  with  the  insertion  of  the 

external  pterygoid  muscle. 

A  synovial  membrane  linea  each  of  the  compartments  into  which  the  joint 

cavity  is  divided  by  the  meniscus.     As  a  rule  these  membranes  are  separate  from 

each  other,  but  they  become  continuous  when  the  disc  is  perforated.     The  upper 

synovial  membrane  is  larger  and  more  loosely  disposed  than  the  lower. 

Situated  on  the  mesial  aspect  of  the  joint,  but  at  a  short  distance  from  it,  and 

quite  distinct  from  the  civpsule,  there  is  an   accessory  band  called  the  iaterul 

lateral  ligament  (lig.  apheno-mandi- 

bulare.  Fig,  216).    Superiorly  it  ia 

attached  to  the  apinoua  proceaa  of  the 

great  wing  of  the  sphenoid  bone,  and   spi'en 

inferiorly  to  the  lower  as  well  as  the 

hinder    border   or    lingula    of     the 

inferior  dental  foramen.    It  is  not  an 

articular  ligament  in  the  true  sense, 

forinstead  of  being  connected  with  the 

joint,  it  ia  developed  in  the   tissue 

surrounding  part  of  Meckel's  cartilage. 
Portions  of  the  following  Btructures  are 

fouml  in  the  interv.il  between  the  sphenO' 

m&ndibular  ligament  and    the  ascending 

ramus  of  thu  mandible — vit  tlie  external 

pterygoid     muscle  ;      internal     maiillarj- 

veasels ;  infeiior  dental  vessels  and  nerve  ; 

middle   meningeal  vessels;   auriculo-tem- 

poral  nerve  ;  a  deep  portion  of  the  parotid 

gland. 

HOTements  of  the  Blandible. — The  oatuit'  of  the  movements  which   the  lower  jaw  uui 

i>erform  is  determined  partly  by  the  character  of  the  articular  surfaces  of  the  temporo-iuandibular 

joint,  and  partly  by  the  fact  that,  while  the  two  joiula  always  act  Biimiltanetmsly,  they  ma)' 

also,  to  aome  estenf,  perform  the  name  movement  alternately. 

When  movement  takes  place  throngh  the  long  or  transvente  horizontal  axis  of  each  juinl, 

the  mandible  may  be  elevated,  oh  in  clenching  the  teeth,  or  it  may  be  depressed,  as  in  gaping- 

In  the  latter  movement  the  condyle  leaves  tlie  glenoid  foeaa,  and,  along  with  the  meniscus,  it 

moves  forwards  until  they  rest  upon  the  articular  eminence.     Meanlime  the  chin  describttf  the 

arc  of  a  circle,  of  which  the  centre  or  point  of  least  movement  corresponds  to  the  position  of  tht 

inferior  dental  foramen,  and  thus  the  stniclures  which  enter  at  that  foramen  are  protectfd 

against  Htretehing      Coincidently  with  the  forward  movement  of  the  condyle,   it  glides  in  a 

revolving  manner  upon  the  inferior  asiiect  of  the  meniscus. 

At  any  Htage  in  the  movement  of  depressing  the  chin  the  waudible  may  be  protrudeil,  w 

that  the  inferior  incisor  teeth  are  projectiJl  in  front  of  the  upper  set,  a  movement  which  result* 

^rom  the  condyles  of  the  jaw  being  drawn  fotwaids  upon  the  articular  eniinenci's.     A  siiuilv 
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relation  of  the  condyle  to  the  articular  eminence  occurs  during  the  exaggerated  depression  of 
the  mandible  which  results  from  yawning,  in  w^hich  position  the  articulation  is  liable  to  be 
dialocated.  When  the  two  joints  perform  the  same  movement  alternately,  a  certain  amount  of 
lateral  motion  results,  from  the  fact  that  the  long  axis  of  each  joint  presents  a  slight  obliquity 
to  the  transverse  axis  of  the  skull,  and  consequently  a  grinding  or  oblique  movement  in  the 
horizontal  plane  is  produced.  Excessive  depression,  with  the  risk  of  dislocation,  is  resisted  by 
the  fibres  of  the  external  lateral  ligament  which  becomes  tense. 

lu  all  movements  of  the  mandible  the  meniscus  conforms  closely  to  the  position  of  the  con- 
dyle, and  they  move  forwards  and  backwards  together,  but  at  the  same  time  the  meniscus  does 
nut  restrict  the  movements  of  the  condyle.  Thus  w^hile  the  meniscus,  along  with  the  condyle,  is 
gliding  upon  the  temporal  aspect  of  the  joint,  the  condyle  itself  revolves  upon  the  inferior 
surface  of  the  meniscua 

Cranial  Ligaments  not  dikectly  associated  with  Articulations. 

The  stylo-mandibolar  ligament  (lig.  stylo-mandibulare,  Fig&  214  and  216)  is  a 
specialised  portion  of  the  deep  cervical  fascia  which  extends  from  the  anterior  aspect 
of  the  tip  of  the  styloid  process  of  the  temporal  bone  to  the  posterior  border  of  the 
angle  of  the  mandible,  between  the  insertions  of  the  masseter  and  internal  pterygoid 
muscles. 

The  pterygo-spinous  ligament  (lig.  pterygo-spinosum)  is  a  membrane  extending 
from  the  upper  part  of  the  posterior  free  margin  of  the  external  pterygoid  plate, 
backwards  and  slightly  outwards,  to  the  spinous  process  of  the  sphenoid.  An 
interval  is  left  between  its  upper  border  and  the  floor  of  the  skull  for  the  outward 
passage  of  those  branches  of  the  inferior  maxillary  nerve  which  supply  the 
external  pterygoid,  temporal,  and  masseter  muscles.  This  ligament  has  a  tendency 
to  ossify  either  wholly  or  partially. 

The  stylo-hyoid  ligament  (lig.  stylo-hyoideum)  may  be  regarded  as  the  down- 
ward continuation  of  the  styloid  process  of  the  temporal  bone.  Inferiorly  it  is 
attached  to  the  lesser  comu  of  the  hyoid  bone.  It  is  not  infrequently  ossified,  in 
which  case  it  constitutes  the  epihyal  bone  found  in  many  animals. 
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Costo-vertebral  articulations  (articulationes  costo-vertebrales).  The  typical 
rib  articulates  with  the  vertebral  column  both  by  its  head  and  by  its  tubercle. 
Thus,  two  sets  of  articulations,  with  their  associated  ligaments,  exist  between  the 
ribs  and  the  vertebrae,  but  each  set  is  constructed  upon  a  common  plan,  with  the 
exception  of  certain  joints  situated  at  the  upper  and  lower  ends  of  the  series,  where 
the  ribs  themselves  deviate  from  the  typical  form. 

Costo-Central  Joints. 

The  articulations  of  the  heads  of  the  ribs  with  the  centra  or  bodies  of 
the  vertebrae  (articulationes  capitulorum,  Fig.  209)  are  all  diarthroses,  which,  from 
their  somewhat  hinge-hke  action,  may  be  cls^sed  as  ginglymoid. 

The  head  of  every  typical  rib  is  wedge-shaped,  and  presents  two  articular 
facets,  an  upper  and  a  lower,  separated  from  each  other  by  an  antero-posterior 
ridge  which  abuts  against  an  intervertebral  disc,  while  the  articular  facets  articu- 
late with  similar  surfaces  on  the  contiguous  margins  of  the  two  vertebrae  adjoining 
the  disc.  These  surfaces  form  a  wedge-shaped  depression  or  cup,  the  bottom  of 
which  is  more  elastic  than  the  sides,  and  thus  an  arrangement  is  provided  which 
tends  to  reduce  the  shock  of  blows  upon  the  walls  of  the  chest. 

Each  of  these  articulations  is  provided  with  a  capsular  ligament  which 
surrounds  and  encloses  the  joint,  and  is  attached  to  contiguous  non-articular 
margins  on  the  head  of  the  rib  and  the  two  vertebral  bodies.  On  its  anterior  or 
ventral  aspect  the  capsule  presents  three  radiating  fasciculi  which  collectively  form 
the  stellate  or  anterior  costo-vertebral  ligament  (lig.  capituli  costse  radiatum,  Fig. 
209).  These  fasciculi  radiate  from  a  centre  on  the  front  of  the  head  of  the  rib,  so 
that  the  middle  fasciculus   becomes   attached  to  the   intervertebral  disc    while 
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the  upper  and  lower  fasciculi  proceed  to  the  adjacent  margins  of  the  two  vertebrae 
between  which  the  disc  is  situated,  and  with  which  the  rib  articulates.  To  a  slight 
extent  these  radiating  fasciculi  pass  undercover  of  the  lateral  margin  of  the  anterior 
common  ligament  of  the  vertebral  bodies.  In  those  joints  in  which  the  head  of 
the  rib  does  not  articulate  with  an  intervertebral  disc  the  central  fasciculus  of 
the  stellate  ligament  is  wanting,  but  the  other  two  retain  the  same  general 
arrangement. 

The  interarticniar  ligament  (lig.  capituli  costa3  interarticulare)  consists  of  short 
transverse  fibres  within  the  capsule.  These  are  attached,  on  the  one  hand,  to 
the  ridge  which  intervenes  between  the  two  facets  on  the  head  of  the  rib,  and 
on  the  other  to  the  lateral  aspect  of  the  intervertebral  disc.  This  ligament 
is  not  a  meniscus,  but  merely  an  interarticniar  ligament,  of  width  sufficient 
to  divide  the  joint  cavity  into  an  upper  and  a  lower  compartment.  It  is  absent 
from  those  joints  which  do  not  articulate  with  an  intervertebral  disc,  i.e.  from 
those  ribs  which  only  articulate  with  the  body  of  one  vertebra. 

The  interarticular  ligament  is  supposed  to  represent  the  outei*  end  of  a  Hgament  which, 
under  the  name  of  the  lig.  conjagale  costamm,  connects  the  heads  of  the  ribs  of  certain  mammals 
acroes  the  posterior  aspect  of  the  intervertebral  disc,  and,  in  the  human  subject,  until  the 
seventh  month  of  festal  life,  connects  the  posterior  aspects  of  the  necks  of  a  pair  of  ribs  with  each 
other  across  the  mesial  plane. 

Synovial  membrane  lines  each  joint  cavity,  and  therefore,  in  all  cases  where  the 
joint  is  divided  into  two  compartments,  each  one  has  its  own  synovial  lining. 

Costo-Transversk  Joints. 

The  tubercle  of  each  typical  rib  articulates  with  the  transverse  process  of  the 
lower  of  the  two  dorsal  vertebrae  with  which  the  head  of  the  rib  is  associated 
(articulatio  costo-transversaria).  Near  the  tip  of  the  transverse  process  there  is 
an  articular  facet,  on  its  anterior  aspect,  for  articulation  with  the  corresponding 
facet  on  the  mesial  articular  part  of  the  rib  tubercle.  The  joint  so  formed  is  an 
arthrodial  diarthrosis. 

The  joint  cavity  is  surrounded  by  a  comparatively  feeble  capsular  ligament, 
which  is  attached  immediately  beyond  the  margins  of  the  articular  facets,  and  in 
which  no  special  bands  can  be  distinguished. 

A  simple  synovial  membrane  lines  the  capsular  ligament  in  all  cases  where  the 
latter  is  present. 

The  following  accessory  ligaments,  in  connexion  with  this  joint,  strengthen  and 
support  the  articulation : — 

The  anterior  or  superior  costo-transverse  ligament  (ligamentum  co8to-trans>'er- 
sarium  anterius.  Fig.  209)  consists  of  strong  bands  of  fibres  which  are  attached  to 
the  upper  border  of  the  neck  of  the  rib,  extending  from  the  head  outwards  to  the 
non-articular  part  of  the  tubercle.  All  these  fibres  may  be  traced  upwards.  Those 
situated  nearest  to  the  head  of  the  rib  proceed  obliquely  upwards  and  outwards,  to 
be  attached  to  the  transverse  process  immediately  above,  but  with  extensions  to  the 
adjoining  rib  and  its  costo-transverse  capsular  ligament.  Others  proceed  almost 
vertically  upwards  to  the  adjoining  transverse  process,  wliile  those  which  ascend 
from  the  upper  surface  of  the  tubercle  pass  obliquely  upwards  and  inwards  to  reach 
the  postero-inferior  aspect  of  the  adjoining  transverse  process. 

The  posterior  costo-transverse  ligament  (ligamentum  costo-transversarium  poe- 
terius)  is  a  band  of  transverse  fibres  applied  to  the  postero-external  aspect  of  the 
capsule.  By  one  end  these  fibres  are  attached  to  the  tip  of  the  transverse  process 
behind  its  articular  facet,  and  by  the  other  to  the  external  rough  surface  of  the 
tubercle  of  the  rib. 

The  middle  costo-transverse  ligament  (lig.  colli  costal)  consists  of  short  fibres 
which  stretch  from  the  posterior  aspect  of  the  neck  of  the  rib,  backwards  and  in- 
wards, to  the  front  of  the  transverse  process,  but,  in  addition,  a  proportion  of  the 
fibres  passes  to  the  posterior  aspect  of  the  inferior  articular  process  of  the  upper  of 
the  two  vertebrae  with  which  the  head  of  the  rib  articulates. 
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The  following  exceptions  to  the  general  plan  of  rib-articulation  indicated  above 
must  be  noted : — 

1.  There  is  no  articulation   between   the  eleventh  and  twelfth  ribs  and  the 

transverse  prdcesses  of  the  corresponding  vertebrae. 

2.  The  superior  costo-transverse  ligament  is  wanting  from  the  first  rib,  and  is 

either  rudimentary  or  wanting  in  the  case  of  the  twelfth  rib. 

3.  The  middle  costo-transverse  ligament  is  rudimentary  in  the  eleventh  and 

twelfth  riba 
The  ligamentnm  Inmbo-costale  extends  from  the  upper  surface  of  the  base  of  the 
transverse  process  of  the  first  lumbar  vertebra  to  the  under  surface  of  the  neck  of 
the  twelfth  rib,  as  well  as  to  the  under  surface  of  the  transverse  process  of  the 
twelfth  dorsal  vertebra. 

Articulations  between  the  Kibs  and  their  Cartilages. 

E  ich  rib  possesses  an  unossified  portion,  termed  its  costal  cartilage.  As  age 
advances,  this  cartilage  may  undergo  a  certain  amount  of  superficial  ossification, 
but  it  never  becomes  entirely  transformed.  The  line  of  demarcation  between 
bone  and  cartilage  is  clear  and  abrupt,  and  usually  the  bone  forms  an  oval  cup,  in 
which  the  end  of  the  cartilage  is  retained  by  means  of  the  continuity  which  exists 
between  the  periosteum  and  the  perichondrium.  There  is  no  articulation  in  the 
proper  sense  between  the  rib  and  its  cartilage,  although  a  synovial  cavity  has 
occasionally  been  found  between  the  first  rib  and  its  cartilage. 

Interchondral  Joints. 

These  articulations  are  arthrodial  diarthroses,  and  they  are  found  between  ad- 
joining margins  of  certain  of  the  costal  cartilages,  viz.  from  the  fifth  to  the  eighth 
or  ninth.  The  cartilages  which  thus  articulate  develop  flattened,  somewhat  conical, 
prolongations  of  their  substance,  and  thereby  the  intercostal  spaces  are  interrupted 
where  these  flat  articular  facets  abut  against  each  other.  Each  joint  is  closed 
by  a  surrounding  capsular  ligament,  the  superficial  and  deep  aspects  of  which  are 
specially  strengthened  by  external  and  internal  interchondral  ligaments.  These 
bands  extend  obliquely  between  adjacent  cartilages. 

A  synovial  membrane  lines  each  joint  capsule. 

Costo-sternal  Joints. 

The  upper  seven  pairs  of  costal  cartilages,  as  a  rule,  extend  to  the  lateral 
margins  of  the  sternum  (articulationes  sternocostales).  Of  these,  the  first  pair  is 
implanted  directly  upon  the  manubrium  sterni  The  ossific  process  ends  abruptly 
in  connexion  with  the  rib,  and  also  ceases  as  suddenly  in  connexion  with  the 
sternum,  and  henc9  the  cartilage  does  not  normally  present  an  articulation  at 
either  end. 

From  the  second  to  the  seventh  pairs  of  ribs  inclusive,  the  costo-sternal  joints 
are  constructed  upon  the  type  of  arthrodial  diarthroses,  although,  in  the  case  of 
the  sixth  and  seventh  cartUages,  the  joint  cavity  is  always  small,  and  is  frequently 
obliterated. 

The  sternal  end  of  each  of  these  costal  cartilages  presents  a  slight  antero-pos- 
terior  ridge  which  fits  into  a  shallow  V-shaped  depression  upon  the  lateral  margin 
of  the  sternum.  With  the  exception  of  the  sixth  cartilage,  the  others  articulate 
opposite  the  lines  of  union  between  the  primary  segments  of  the  sternum,  whereas 
the  sixth  articulates  upon  the  side  of  the  lowest  segment  of  the  meso-sternum. 

Each  joint  is  enclosed  by  a  capsular  ligament,  composed  of  fibrous  tissue,  attached 
to  the  adjacent  borders  of  the  articulating  elements.  Specially  strong  fibres  dis- 
tinguish the  superficial  and  deep  aspects  of  the  capsule. 

The  anterior  costo-sternal  ligament  (lig.  costo-sternalium  radiatum,  Fig.  217)  is 
composed  of  strong  fibres  which  radiate  from  the  anterior  surface  of  the  costal 
cartilage,  near  its  sternal  end,  to  the  front  of  the  sternum.  The  ligaments  of 
opposite  sides  interlace  with  each  other,  and  so  cover  the  front  of  the  sternum  with 
a  felted  membrane — the  mombrana  st^mi. 
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The  posterior  costo-atemal  ligament—also  a  part  of  the  capsule — has  attAch- 
ments  similar  to  the  foregoing,  Imt  the  arrangement  of  its  fibres  is  not  so  powerful. 

The  ligamentnm  coBto-zip]ioide&  pasBCH  from  the  frout  of  the  upper  part  of  the 
xiphoid  cartilage,  obliquely  upwards  and  outwards  to  the  front  of  the  seventh,  and 
sometimes  to  the  front  of  the  sixth  costal  cartilage. 

Within  the  capsules  of  these  joints  interartictilar  ligame&tB  (ligg.  3t«mo-c08ta]ia 
interarticniaria.  Fig.  217)  may  be  found.    Their  disposition  is  somewhat  uncertain,  for 
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whereas,  in  the  case  of  the  second  pair  of  cartilages,  they  invariably  divide  the  joint 
cavity  into  two  distinct  compartments — an  upper  and  a  lower — such  an  arrange- 
ment is  very  uncertain  in  the  other  joints,  and  they  occasionally,  especially  in  the 
cases  of  the  sixth  and  seventh  cartilages,  entirely  obliterate  the  joint  cavity.  These 
ligaments  extend  horizontally  between  the  ends  of  the  costal  cartilages  aod  the 
side  of  the  sternum. 

STnoviol  nwmbraiie  is  found  wherever  a  joint  cavity  is  developed,  and  therefore 
there  may  be  one  or  two  synovial  membranes,  according  to  the  presence  or  absence 
of  a  proper  interarlicular  ligament.  When  the  joint  cavity  is  obliterated  by  the 
librouB  structure  which  represents  the  interarticular  ligament,  a  synovial  membrane 
is  also  absent. 

Sternal  Abticulatioms. 

Primarily  the  sternum  consists  of  an  elongated  plate  of  hyaline  cartilage,  which 
becomes  subdivided  into  segments  by  the  process  of  ossification. 

The  four  segments  of  which  the  gladioliu  is  originally  composed  unite  with 
each  other  after  the  manner  of  typical  synchondroses. 

Similarly  the  ensiform  cartilage  and  the  gladiolus  ultimately  become  united. 
It  is  not  usual  to  find  the  manubrio-gladiolar  joint  obUti^ated  by  the  ossification  of 
the  two  bony  segments.  Even  in  advanced  life  it  remains  open,  and  the  joint  par- 
takes of  the  nature  of  an  ampbiarthrosiB  (Fig.  217),  although  a  joint  cavity  is  not 
found  under  any  circumstances  in  the  plate  of  fibro-cartilage  which  intervenes 
between  the  manubrium  and  tlie  gladiolus. 

The  membrana  stenu,  to  which  reference  has  already  been  made,  assists  in 
strengthening  the  union  between  the  different  segments  of  the  sternum. 

Horementa  of  the  Bibs  and  Stemimi.— These  movements  may  be  oHuidered  eilhec 
iuditpendpQtly  uf,  or  a«  aHacH:iat«d  with,  rtspirution. 

In  thf  former  condition  the  ribs  move  in  connexion  with  flexion  and  ext^-nsion  of  the 
'ertebral  i^iliimn,  being  more  or  hw  dcpree^Kl  and  approximated  in  the  former,  and  etevatdd  or 
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pulled  apart  in  the  latter  case.  Considered  in  connexion  with  respiration,  it  is  necessary  to 
observe  that,  to  all  intents  and  purposes,  the  vertebral  column  and  tlie  sternum  are  rigid  structures. 
Next  we  must  remember  that  the  heads  of  all  the  ribs  occupy  iixed  positions,  and  similarly 
the  anterior  ends  of  seven  pairs  of  cartilages  are  fixed  to  the  lateral  margins  of  the  sternum. 
The  ribs  thus  form  arches,  presenting  a  large  amount  of  obliquity  from  behind  forwards.  There- 
fore, during  inspiration,  when  the  rib  is  elevated,  the  arch  becomes  more  horizontal,  and  the 
transverse  diameter  of  the  chest  is  increased.  At  the  same  time,  the  anterior  ends  of  the  sternal 
ribs  tend  to  thrust  the  sternum  forwards  and  upwards ;  but  the  nature  of  the  attachment  of  the 
first  mir  of  ribs  to  the  sternum,  as  well  as  the  attachment  of  the  diaphragm  to  the  ensiform 
cartilage,  prevents  this  movement  from  becoming  excessive,  and  hence  the  sternum  becomes  a  line 
of  resistance  to  the  forward  thrust  of  the  ribs.  As  a  consequence,  the  ribs  rotate  upon  themselves 
about  an  oblique  axis  which  passes  downwards,  outwards,  and  backwards  through  the  capitular 
joint  and  the  neck  of  the  rib  anterior  to  the  costo-transverse  joint 

In  this  way  increase,  both  of  the  antero-posterior  and  transverse  diameters  of  the  thorax,  is 
provided  for,  although  the  amount  of  increase  is  not  equally  pronounced  in  all  planes.  Thus  at 
the  level  of  the  first  rib  very  little  eversion  is  possible,  because  the  axis  of  rotation  is  nearly 
tran&verse,  and  therefore  any  increase  in  the  transverse  or  antero-posterior  thoracic  diameters  at 
thw  level  may  be  disregarded,  although  a  certain  amount  of  elevation  of  the  manubrium  stemi 
aud  anterior  end  of  the  first  rib  is  evident 

Below  the  level  of  the  sixth  rib  elevation  and  rotation  of  the  rib  during  inspiration  are 
usually  said  to  be  complicated  by  a  certain  amount  of  backward  movement,  due  to  the  character 
of  the  costo- transverse  joint,  until,  in  the  case  of  the  last  two  ribs,  which  are  destitute  of  costo- 
transverse joints,  a  movement  backwards  is  almost  entirely  substituted  for  elevation.  It  is 
probable,  however,  that  the  movements  of  the  asternal  ribs  exactly  correspond  to  those  of  the 
sternal  series,  and  that  bv  the  contraction  of  the  costal  digitations  of  the  diaphragm  the 
anterior  ends  of  the  asternal  ribs  are  provided  with  fixed  positions  comparable  to  those  supplied 
by  the  sternum  to  the  ribs  of  the  sternal  series. 

We  may  therefore  say  that  during  inspiration  the  ribs  move  upwards  and  outwards  between 
their  fixed  ends,  while  as  a  whole  the  rib  rotates,  and  its  anterior  end  is  thrust  slightly  forwards. 

During  expii-ation  these  movements  are  simply  reversed. 

THE  ARTICULATIONS  OF  THE  SUPERIOR  EXTREMITY. 

The  bony  arch  formed  by  the  clavicle  and  scapula  articulates  directly  with  the 
axial  skeleton  only  at  one  point,  viz.  the  sterno-clavicular  joint. 

ARTICULATIONS  OF  THE  CLAVICLE. 

The  Sterno-clavicular  Joint. 

The  sterno-clavicular  joint  (articulatio  sterno-clavicularis)  is  an  example  of  an 
arthrodial  diarthrosis.  The  articular  surfaces  concerned  in  its  formation  present 
the  following  appearances : — 

1.  The  sternal  end  of  the  clavicle  is  somewhat  triangular  in  outline,  having  its 
most  prominent  angle  directed  downwards  and  backwards.  The  anterior  and 
posterior  sides  of  the  triangle  are  slightly  roughened  for  the  attachment  of 
ligaments,  while  the  base  or  inferior  side  is  smooth  and  rounded,  owing  to  the 
prolongation  of  the  articular  surface  to  the  inferior  aspect  of  the  bone.  In  the 
antero-posterior  direction  the  articular  surface  tends  to  be  concave,  while  vertically 
it  is  slightly  convex. 

2.  An  articular  facet,  situated  on  the  superior  lateral  angle  of  the  manubrium 
sterni,  but  in  a  plane  slightly  behind  the  supra-sternal  notch,  articulates  with  the 
clavicle.  Thisfacet  is  considerably  smaller  than  the  clavicular  facet  with  which  it 
articulates. 

o.  The  superior  surface  of  the  first  costal  cartilage  close  to  the  sternum  also 
fiarticipates  to  a  small  extent  in  the  articulation. 

It  should  be  noted  that  the  articular  surfaces  of  the  clavicle  and  sternum  are 
covered  mainly  by  fibro-cartila^e. 

A  capsulcu:  ligament  is  well  marked  on  all  sides  except  inferiorly,  where  it  is 
very  thin. 

The  anterior  stemo-clavicular  ligament  (Fig.  217)  forms  part  of  the  capsule,  and 
consists  of  short  fibres  which  extend  obliquely  downwards  and  inwards  from  the 
anterior  aspect  of  the  sternal  end  of  the  clavicle  to  the  adjoining  anterior  surface 
of  the  sternum  and  the  anterior  border  of  the  first  costal  cartilage. 

The  posterior  sterno-clavicular  ligament  also  forms  part  of  the  capsule,  and 
19 


274  THE  ARTICULATIONS  OR  JOINTS. 

conaistB  of  siinilarly  disposed,  but  not  so  strong,  oblique  fibres  situated  on  the 
posterior  aspect  of  the  articulation. 

A  fibro-cajrtilaginouB  xneniscuB  (discus  articularis,  Fig.  217)  divides  the  joint 
cavity  into  two  compartments.  It  is  nearly  circular  in  shape,  and  adapts  itself  to 
the  articular  surfaces  between  which  it  Ues.  It  is  thickest  at  the  circumference  and 
thinnest  at  the  centre,  where  it  occasionally  presents  a  perforation,  thereby 
permitting  the  two  synovial  cavities  to  intercommunicate.  By  its  circumference  it 
is  in  contact  with,  and  adherent  to,  the  surrounding  capsule,  but  its  upper  margin  is 
attached  to  the  apex  of  the  articular  surface  of  the  clavicle,  while  by  its  lower 
margin  it  is  fixed  to  the  sternal  end  of  the  first  costal  cartilage. 

Two  accessory  ligaments  are  associated  with  this  joint,  viz.  the  interclavicular 
and  the  rhomboid. 

The  interclavicular  ligament  (Fig.  217)  is  a  structure  of  considerable  strength, 
forming  a  broad  band  of  fibrous  tissue  which  is  attached  to  the  superior  rounded  angle 
or  apex  of  the  sternal  end  of  the  clavicle  as  well  as  to  the  adjacent  margins  of  the 
articular  surface.  Its  fibres  pass  etcross  the  interclavicular  notch  to  become  attached 
to  corresponding  parts  of  the  opposite  clavicle,  but  in  their  course  they  dip  down  into 
the  suprasternal  notch,  in  which  many  of  them  are  fixed  to  the  sternum.  In  thi& 
way  their  presence  neither  bridges  nor  obliterates  the  notch  between  the  two 
clavicles,  and  the  ligament  really  becomes  a  superior  sterno-clavicular  ligament  for 
each  joint. 

The  rhomboid  ligament  (lig.  costo-claviculare.  Fig.  217)  consists  of  short,  strong 
fibres  which  are  attached  inferiorly  to  the  upper  surface  of  the  first  costal  cartilage. 
They  pass  obliquely  upwards  and  outwards  to  a  rough  impression  situated  on  the 
lower  aspect  of  the  sternal  end  of  the  clavicle,  and  are  distinct  from  the  capsular 
ligament.     Occasionally  a  bursa  is  found  in  the  interior  of  this  ligament. 

As  a  rule  there  are  two  synovial  membranes  lining  the  two  joint  cavities  (Fi^^. 
217),  separated  from  each  other  by  the  interarticular  meniscus.  Sometimes,  however, 
the  two  membranes  establish  continuity  through  a  perforation  in  the  meniscus 

The  Acromio-clavicular  or  Scapulo-clavicular  Joint. 

The  acromio-clavicular  joint  (articulatio  acromio - clavicularis)  is  another 
instance  of  an  arthrodial  diarthrosis.  It  is  situated  between  the  acromial  end  of 
the  clavicle  and  the  inner  aspect  of  the  acromion  process  of  the  scapula.  Each 
articular  surface  is  an  oval,  flattened  facet,  covered  by  fibro-cartilage. 

The  ligaments  which  surround  this  small  joint  form  a  complete  capsule 
(capsula  articularis),  of  which  the  upper  and  lower  parts  are  specially  strong,  and 
are  therefore  named  the  superior  and  inferior  acromio-clavicular  ligaments  (Fig.  219^. 
These  consist  of  short  fibres  passing  between  the  adjacent  rough  margins  of  the 
two  bones  in  the  positions  indicated  by  their  names. 

A  meniscus  (discus  articularis),  which  is  nearly  always  incomplete,  and  may 
occasionaUy  be  wanting,  is  usually  found  within  the  joint  cavity,  where  it  hes 
obliquely,  with  its  upper  margin  farther  from  the  mesial  plane  than  its  lower 
margin,  and  having  its  borders  attached  to  the  surrounding  capsule.  Frequently 
the  meniscus  ia  wedge-shaped,  with  its  base  directed  upwards  and  its  apex  free. 

A  synovial  memlnrane  is  found  forming  either  a  single  or  a  double  sac,  according  to 
the  condition  of  the  meniscus.  Complete  division  of  the  joint  cavity,  however,  is  rare. 

Ligamentum  Ooraco-clavicolare. — Accessory  to  this  articulation  there  is  thf 
strong  coraco-clavicular  ligament  which  binds  the  acromial  end  of  the  clavicle  to 
the  coracoid  process  of  the  scapula.  It  is  readily  divisible  into  two  parts,  viz.  the 
conoid  and  trapezoid  ligaments. 

The  conoid  ligament  (Fig.  219)  is  situated  internal  to  and  slightly  Ijehind  the 
trapezoid.  It  is  narrow  and  pointed  at  its  inferior  end,  by  which  it  is  attached 
to  the  upper  aspect  of  the  coracoid  process,  in  close  proximity  to  the  supra8cai>ular 
notch.  Its  upper  end  widens  out  in  the  manner  expressed  by  its  name,  and  is 
attached  to  the  conoid  tubercle  of  the  clavicle. 

The  trapezoid  ligament  (Fig.  219)  is  attached  inferiorly  to  the  upper  surface  of  the 
posterior  half  of  the  coracoid  process,  external  and  anterior  to  the  attachment  ot 
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the  conoid  ligament.  Superiorly  it  is  attached  to  the  trapezoid  ridge  on  the  under 
sutCbm^  of  the  acromial  end  of  the  clavicle.  Its  outer  and  inner  borders  are  free. 
Its  anterior  surface  is  principally  directed  upwards,  and  its  posterior  surface,  to  a 
similar  extent,  looks  downwards. 

A  synovial  bursa  usually  occupies  the  re-entrant  angle  between  these  two 
ligaments. 

Movements  at  the  Olayicular  Joints. — The  movements  of  the  inner  end  of  the  clavicle  at 
the  Btemo-elayicalar  joint  are  limited  in  their  range,  owing  to  the  tension  of  the  hgaments. 
Wlieu  the  shoulder  is  raised  or  depressed  the  outer  end  oi  the  clavicle  moves  upwards  and 
downwards,  whilst  its  sternal  end  ghdes  upon  the  surface  of  the  interarticular  meniscus  within 
the  joint ;  when,  on  the  other  hand,  the  shoulder  is  carried  forwards  or  backwards,  the  inner 
end  of  the  clavicle  along  with  the  interarticular  meniscus  moves  upon  the  sternal  facet.  In 
addition  to  these  movements  of  elevation,  depression,  forward  movement  and  backward  move- 
ment of  the  clavicle,  there  is  also  allowed  at  the  stemo-clavicular  joint  a  certain  amount  of 
cirbomdnction  of  the  clavicle. 

The  part  which  is  played  by  certain  of  the  Hgaments  in  restraining  movement  requires 
careful  consideration.  The  rhomboid  ligament  checks  excessive  elevation  of  the  shoulder,  and 
rt^trains  within  certain  limits  both  backward  and  forward  movement  of  the  clavicle.  When  the 
clavide  is  depressed,  as  in  cases  where  a  heavy  weight,  such  as  a  bucket  of  water,  is  carried  in  the 
hand^  it  receives  support  by  resting  upon  the  first  rib,  and  the  tendency  for  the  inner  end  of  the 
K)ne  to  start  up  out  of  its  sternal  socket  is  obviated  by  the  tension  of  the  interarticular 
meniflciu,  the  interclavicular  ligament,  and  the  anterior  and  posterior  stemo  -  clavicular 
ligaments. 

The  interarticolar  meniscus  not  only  acts  as  a  cushion  which  lessens  the  shock  of  blows 
received  upon  the  shoulder,  but  it  also  acts  as  a  most  important  bond  of  union,  and  prevents  the 
inner  end  of  the  clavicle  from  being  driven  upwards  upon  the  top  of  the  sternum  when  force  is 
applied  to  its  outer  end 

The  movements  at  the  acromio-clavicalar  joint  ai'e  of  such  a  kind  as  to  allow  the  inferior 
angle,  and  to  some  extent  the  base  of  the  scapula,  to  remain  more  or  less  closely  applied  to  the 
cheat- wall  during  the  various  movements  of  the  shoulder.  The  strong  connexion  between  the 
coracoid  process  and  the  acromial  end  of  the  clavicle,  by  means  of  tne  conoid  and  trapezoid 
ligaments,  renders  it  necessary  that  the  scapula  should  follow  the  clavicle  in  its  various 
excursions.  The  presence  of  the  acromio-clavicular  joint,  however,  enables  the  scapula  to  change 
it6  position  somewhat  with  reference  to  the  clavicle  as  the  shoulder  is  moved  Tnus,  when  the 
shoulder  is  raised  and  depressed,  a  marked  difference  takes  place  in  the  angle  between  the  two 
bones;  again,  when  the  shoulder  is  thrown  forwards  or  backwards,  these  movements  can  be 
performed  without  altering  in  a  material  degree  the  direction  of  the  glenoid  cavity  of  the  scapula, 
or  in  other  words,  the  socket  of  the  shoulder-joint 

The  conoid  and  trapezoid  ligaments  set  a  limit  upon  the  movements  of  the  scapula  at  the 
acromio-clavicular  joint  They  both,  but  more  particularly  the  trapezoid  ligament,  prevent  the 
acromion  process  of  the  scapula  from  being  carried  inward  below  the  outer  end  of  the  clavicle 
when  blow.s  fall  upon  the  outer  aspect  of  the  shoulder. 

Ligaments  of  the  Scapula. 

These  ligaments  are  not  directly  connected  with  any  articulation.  The  coraco- 
acromial  ligament  (lig.  coraco-acromiale,  Fig.  219)  completes  the  arch  between  the 
coracoid  and  acromion  processes  of  the  scapula,  and  thus  provides  a  secondary 
socket  for  the  greater  protection  and  security  of  the  shoulder-joint.  It  is  a  flat 
triangular  structure  stretched  tightly  between  its  lines  of  attachment.  By  its  base 
it  is  fixed  to  a  varying  amount  of  the  postero-external  border  of  the  coracoid 
process,  and  by  its  narrower  apical  end  to  the  tip  of  the  acromion  process,  im- 
mediately external  to  the  acromio-clavicular  joint.  Its  surfaces  look  upwards  and 
downwards,  and  its  free  borders  outwards  and  inwards.  It  is  thinnest  in  the 
centre,  where  it  is  sometimes  perforated  by  a  prolongation  of  the  tendon  of  the 
pectoralis  minor  muscle. 

The  saprascapnlar  ligament  (lig.  transversum  scapulse  superius)  is  a  distinct  but 
short  flat  band  which  bridges  the  notch  of  the  same  name.  It  may  be  continuous 
with  the  conoid  ligament,  and  it  is  frequently  ossified.  As  a  rule  the  foramen 
completed  by  this  ligament  transmits  the  suprascapular  nerve,  while  the  corre- 
sponding vessels  travel  above  the  ligament  to  reach  the  supraspinous  fossa. 

A  small  duplicate  of  this  ligament  may  often  be  found  bridging  the  foramen  on 
its  ventral  aspect,  subjacent  to  which  small  branches  of  the  suprascapular  artery 
return  from  the  supraspinous  to  the  subscapular  fossa. 

The  sinno-glenoid  ligament  (lig.  transversum  scapulae  inferius)  consists  of 
another  set  of  bridging  fibres  which  are  situated  on  the  posterior  aspect  of  the 
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piete,  but  ia  very  tluD  on  the  inner  uide.     The  outer  wall  of  tbe  capsule — the 

extenuil  lateral   ligament  (lig.  tempuro-mandibulare,  Fig.  214)— is  divisible  into 

anterior  and  posterior  portions  which  are  attached  euperiorly  to  the  root  tubercle 

and   lower   border    of    the   zygoma,  and 

■I      ^  X  inferiorly  to  the  outer  side  and  posterior 

"     Dorder  of  the  neck  of  the  mandible.     The 

direction  of  its  fibres  is  downwarda  and 

backwards. 

Witbia  the  capsule  there  is  an  inter- 
articular  disc  or  meniscus  of  fibro-cartiluge, 
the  diecoB  articolaris  (Fig.  205),  vrhich  ia 
moulded  upon  the  condyle  of  the  mandibk 

,  below,  and  on  the  articular  surface  of  the 

temporal  bone  above.  It  thuBcompensates 
for  the  incongruity  between  the  articular 
Hurfaces  of  the  two  bones.  The  disc  ia 
attached  circumferentially  to  the  capsule 
It  is  widest  in  the  tranevoTBe  direction, 
Kio.  215— Sbction  throuoh  the  i-mpuho-  thicker  behind  than  in  front,  and  thinnest 
MANDrBDL.AH  Joint.  .  i      ..i  ..  i  •;  i_ 

towards  the  centre,  where  it  may  be  per- 
forated.    Its  anterior  margin  is  intimately  associated  with  the  insertion  of  the 

external  pterygoid  muscle. 

A  synovial  membrane  lines  each   of  the  compartments  into  which  the  joint 

cavity  is  divided  by  the  meniscus.     Aa  a  rule  these  membranes  are  separate  from 

each  other,  but  they  become  continuous  when  the  disc  is  perforated.     The  upper 

synovial  membrane  is  larger  and  more  loosely  disposed  than  the  lower. 

Situated  on  the  mesial  aspect  of  the  joint,  but  at  a  short  distance  from  it,  and 

quite  distinct  from  the  Ciipsule,  there  is  an  accessory  band  called  the  intenial 

lateral  ligament  (hg.  apheno-mandi- 

bulare.  Fig.  216).     Superiorly  it   is 

attached  to  the  apinous  process  of  the 

great  wing  of  the  sphenoid  bone,  and   spbemi. 

inferiorly  to  the  lower  as  well  as  the 

hinder    border   or    lingula    of     the 

inferior  dental  foramen.    It  ia  not  an 

articular  ligament  in  the  true  aense, 

forinstead  of  being  connectedwith  the 

joint,  it  is   developed  in  the   tissue 

surrounding  part  of  Meckel's  cartilage. 
Portions  of  tht  following  structures  an' 

found  in  the  int«rvftl  between  the  apheno- 

luandibular   ligament   tmd    the   aacending 

ittmua  of  the  niandiblc — viz.  the  extern^ 

pterygoid     iiiuscle  ;     internal    luttxillary 

vcaSKls ;   inferior  dental  vessclB  and  neri'e ; 

middle  meningeal  vessels;  auriculo-tem- 

poral  nerve ;  a  deep  portion  of  ihe  jwrotid 

Movements  of  tlie  Handible. — The  nature  of  tlie  raovemeuto  whjcli  the  lower  jaw  mn 

perform  iB  dct^irmined  partly  by  the  characterof  tlie  articular  Buifacea  of  the  temporo- mandibular 
joint,  and  partly  by  the  fact  that,  while  the  two  joints  always  act  i#imultani.-ously,  they  may 
also,  to  some  extent,  perform  the  name  movement  alt«raat£ly. 

When  movement  takea  place  through  the  lone  or  transverae  horizontal  aria  of  each  joint, 
the  mandible  may  be  elevated,  an  in  clenching  the  teeth,  or  it  may  be  depressed,  as  in  gaping. 
In  the  latter  movement  the  condyle  leaves  the  glenoid  fossa,  and,  along  with  the  meni^us,  it 
movea  forwards  until  they  reut  upon  the  articular  eminence.  Meantime  the  chin  describes  ihe 
arc  ot  a  circle,  of  which  the  centre  or  point  of  least  movement  corresponds  to  the  poaitiou  of  the 
inferior  dental  foramen,  and  thus  the  structures  which  enter  at  that  foramen  are  protected 
against  stretching.  Coincidently  with  the  forward  movement  of  the  condyle,  it  glide*  in  a 
revolving  manner  upon  the  inferior  oepeet  of  the  meniscus. 

At  any  ."lagu  in  tbe  movement  of  depressing  the  chin  the  mandible  may  be  protruded,  so 
that  the  inferior  incisor  teeth  are  projected  in  front  of  the  upper  set,  a  movement  which  resulU 
from  the  condyles  of  the  jaw  being  drawn  forwaids  upon  the  articular  e    '  .     -      < 
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relation  of  the  condyle  to  the  articular  eminence  occurs  during  the  exaggerated  depression  of 
the  mandible  which  results  Irom  yawning,  in  which  position  the  articulation  is  liable  to  be 
dislocated.  When  the  two  joints  perform  the  same  movement  alternately,  a  certain  amount  of 
lateral  motion  results,  from  the  fact  that  the  long  axis  of  each  joint  presents  a  slight  obliquity 
to  the  transverse  axis  of  the  sktiU,  and  consequently  a  grinding  or  oblique  movement  in  the 
horizontal  plane  is  produced.  Excessive  depression,  with  the  risK  of  dislocation,  is  resisted  by 
the  fibres  of  the  external  lateral  ligament  which  becomes  tense. 

In  all  movements  of  the  mandible  the  meniscus  conforms  closely  to  the  position  of  the  con- 
dyle, and  they  move  forwards  and  backwards  together,  but  at  the  same  time  the  meniscus  does 
not  restrict  the  movements  of  the  condyle.  Thus  while  the  meniscus,  along  with  the  condyle,  is 
gliding  upon  the  temporal  aspect  of  the  joint,  the  condyle  itself  revolves  upon  the  inferior 
surface  of  the  meniscus. 

Cranul  Ligaments  not  directly  associated  with  Articulations. 

The  stylo-mandibolar  ligament  (lig.  Btylo-mandibulare,  Figs.  214  and  216)  is  a 
specialised  portion  of  the  deep  cervical  fascia  which  extends  from  the  anterior  aspect 
of  the  tip  of  the  styloid  process  of  the  temporal  bone  to  the  posterior  border  of  the 
angle  of  the  mandible,  between  the  insertions  of  the  masseter  and  internal  pterygoid 
muscles. 

The  pterygo-spmous  ligament  (lig.  pterygo-spinosum)  is  a  membrane  extending 
from  the  upper  part  of  the  posterior  free  margin  of  the  external  pterygoid  plate, 
backwards  and  slightly  outwards,  to  the  spinous  process  of  the  sphenoid.  An 
interval  is  left  between  its  upper  border  and  the  floor  of  the  skull  for  the  outward 
passage  of  those  branches  of  the  inferior  maxillary  nerve  which  supply  the 
external  pterygoid,  temporal,  and  masseter  muscle&  This  ligament  has  a  tendency 
to  ossify  either  whoUy  or  partially. 

The  stylo-hyoid  ligament  (lig.  stylo-hyoideum)  may  be  regarded  as  the  down- 
ward continuation  of  the  styloid  process  of  the  temporal  bone.  Inferiorly  it  is 
attached  to  the  lesser  comu  of  the  hyoid  bone.  It  is  not  infrequently  ossified,  in 
which  case  it  constitutes  the  epihyal  bone  found  in  many  animals. 


THE  JOINTS  OF  THE   THORAX. 

(Josto-yertebral  articnlatioiui  (articulationes  costo-vertebrales).  The  typical 
rib  articulates  with  the  vertebral  column  both  by  its  head  and  by  its  tubercle. 
Thus,  two  sets  of  articulations,  'with  their  associated  ligaments,  exist  between  the 
ribs  and  the  vertebrse,  but  each  set  is  constructed  upon  a  common  plan,  with  the 
exception  of  certain  joints  situated  at  the  upper  and  lower  ends  of  the  series,  where 
the  ribs  themselves  deviate  from  the  typical  form. 

Costo-Central  Joints. 

The  articulations  of  the  heads  of  the  ribs  with  the  centra  or  bodies  of 
the  vertebrae  (articulationes  capitulorum,  Fig.  209)  are  all  diarthroses,  which,  fixim 
their  somewhat  hinge-like  action,  may  be  classed  as  ginglymoid. 

The  head  of  every  typical  rib  is  wedge-shaped,  and  presents  two  articular 
facets,  an  upper  and  a  lower,  separated  from  each  other  by  an  antero-posterior 
hdge  which  abuts  against  an  intervertebral  disc,  while  the  articular  facets  articu- 
late with  similar  surfaces  on  the  contiguous  margins  of  the  two  vertebrse  adjoining 
the  disc.  These  surfaces  form  a  wedge-shaped  depression  or  cup,  the  bottom  of 
which  is  more  elastic  than  the  sides,  and  thus  an  arrangement  is  provided  which 
tends  to  reduce  the  shock  of  blows  upon  the  walls  of  the  chest. 

Each  of  these  articulations  is  provided  with  a  capsular  ligament  which 
surrounds  and  encloses  the  joint,  and  is  attached  to  contiguous  non-articular 
margins  on  the  head  of  the  rib  and  the  two  vertebral  bodies.  On  its  anterior  or 
ventral  aspect  the  capsule  presents  three  radiating  fasciculi  which  collectively  form 
the  stellate  or  anterior  costo-yertebral  ligament  (lig.  capituli  costse  radiatum.  Fig. 
209).  These  fasciculi  radiate  from  a  centre  on  the  front  of  the  head  of  the  rib,  so 
that  the  middle  fasciculus   becomes   attached  to  the   intervertebral  disc    while 
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the  upper  and  lower  fasciculi  proceed  to  the  adjacent  margins  of  the  two  vertebrae 
between  which  the  disc  is  situated,  and  with  which  the  rib  articulates.  To  a  slight 
extent  these  radiating  fasciculi  pass  under  cover  of  the  lateral  margin  of  the  anterior 
common  ligament  of  the  vertebral  bodies.  In  those  joints  in  which  the  head  of 
the  rib  does  not  articulate  with  an  intervertebral  disc  the  central  fasciculus  of 
the  stellate  ligament  is  wanting,  but  the  other  two  retain  the  same  general 
arrangement. 

The  interarticular  ligament  (hg.  capituli  costal  interarticulare)  consists  of  short 
transverse  fibres  within  the  capsule.  These  are  attached,  on  the  one  hand,  t^ 
the  ridge  which  intervenes  between  the  two  facets  on  the  head  of  the  rib,  and 
on  the  other  to  the  lateral  aspect  of  the  intervertebral  disc.  This  ligament 
is  not  a  meniscus,  but  merely  an  interarticular  ligament,  of  width  sufficient 
to  divide  the  joint  cavity  into  an  upper  and  a  lower  compartment.  It  is  absent 
from  those  joints  which  do  not  articulate  with  an  intervertebral  disc,  i.e,  from 
those  ribs  which  only  articulate  with  the  body  of  one  vertebra. 

The  interarticular  ligament  is  supposed  to  I'eprcjiieut  tlie  outer  end  of  a  ligament  which, 
under  the  name  of  the  lig.  coQJngale  costaram,  connects  the  heada  of  the  ribs  of  certain  mammab 
across  the  posterior  aspect  of  the  intervertebral  disc,  and,  in  the  human  subject,  until  th»» 
seventh  month  of  fcBtal  life,  connects  the  posterior  aspects  of  the  necks  of  a  pair  of  ribs  with  each 
other  across  the  mesial  plane. 

Synovial  membrane  lines  each  joint  cavity,  and  therefore,  in  all  casas  where  the 
joint  is  divided  into  two  compartments,  each  one  has  its  ow^n  synovial  lining. 

Costo-Transverse  Joints. 

The  tubercle  of  each  typical  rib  articulates  with  the  transverse  process  of  the 
lower  of  the  two  dorsal  vertebrae  with  which  the  head  of  the  rib  is  associated 
(articulatio  costo-transversaria).  Near  the  tip  of  the  transverse  process  there  is 
an  articular  facet,  on  its  anterior  aspect,  for  articulation  with  the  corresponding 
facet  on  the  mesial  articular  part  of  the  rib  tubercle.  The  joint  so  formed  is  an 
arthrodial  diarthrosis. 

The  joint  cavity  is  surrounded  by  a  comparatively  feeble  capsular  ligament, 
which  is  attached  immediately  beyond  the  margins  of  the  articular  facets,  and  in 
which  no  special  bands  can  be  distinguished. 

A  simple  synovial  membrane  lines  the  capsular  ligament  in  all  cases  where  the 
latter  is  present. 

The  following  accessory  ligaments,  in  connexion  with  this  joint,  strengthen  and 
support  the  articulation : — 

The  anterior  or  superior  costo-transverse  ligament  (ligamentum  costo-transver- 
sarium  anterius.  Fig.  209)  consists  of  strong  bands  of  fibres  which  are  attached  to 
the  upper  border  of  the  neck  of  the  rib,  extending  from  the  head  outwards  to  the 
non-articular  part  of  the  tubercle.  All  these  fibres  may  be  traced  upwards.  Those 
situated  nearest  to  the  head  of  the  rib  proceed  obliquely  upwards  and  outwards,  to 
be  attached  to  the  transverse  process  immediately  above,  but  with  extensions  to  the 
adjoining  rib  and  its  costo-transverse  capsular  ligament.  Others  proceed  almost 
vertically  upwards  to  the  adjoining  transverse  process,  while  those  which  ascend 
from  the  upper  surface  of  the  tubercle  pass  obliquely  upwards  and  inwards  to  reach 
the  postero-inferior  aspect  of  the  adjoining  transverse  process. 

The  posterior  costo-transverse  l^ament  (ligamentum  costo-transversarium  pos- 
terius)  is  a  band  of  transverse  fibres  applied  to  the  postero-external  aspect  of  the 
capsule.  By  one  end  these  fibres  are  attached  to  the  tip  of  the  transverse  process 
behind  its  articular  facet,  and  by  the  other  to  the  external  rough  surface  of  the 
tubercle  of  the  rib. 

The  middle  costo-transverse  ligament  (lig.  colli  costu))  consists  of  short  fibres 
which  stretch  from  the  posterior  aspect  of  the  neck  of  the  rib,  backwards  and  in- 
wards, to  the  front  of  the  transverse  process,  but,  in  addition,  a  proportion  of  the 
fibres  passes  to  the  posterior  aspect  of  the  inferior  articular  process  of  the  upper  of 
the  two  vertebrae  with  which  the  head  of  the  rib  articulates. 
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The  following  exceptions  to  the  general  plan  of  rib-articulation  indicated  above 
must  be  noted : — 

1.  There  is  no  articulation   between   the  eleventh  and   twelfth  ribs  and  the 

transverse  processes  of  the  corresponding  vertebrse. 

2.  The  superior  costo-transverse  ligament  is  wanting  from  the  first  rib,  and  is 

either  rudimentary  or  wanting  in  the  case  of  the  twelfth  rib. 

3.  The  middle  costo-transverse  ligament  is  rudimentary  in  the  eleventh  and 

twelfth  riba 
The  ligamentum  lumbo-costale  extends  from  the  upper  surface  of  the  base  of  the 
transverse  process  of  the  first  lumbar  vertebra  to  the  under  surface  of  the  neck  of 
the  twelfth  rib,  as  well  as  to  the  under  surface  of  the  transverse  process  of  the 
twelfth  dorsal  vertebra. 

Articulations  between  the  Ribs  and  their  Cartilages. 

E  ich  rib  possesses  an  unossified  portion,  termed  its  costal  cartilage.  As  age 
advances,  this  cartilage  may  undergo  a  certain  amount  of  superficial  ossification, 
but  it  never  becomes  entirely  transformed.  The  line  of  demarcation  between 
bone  and  cartilage  is  clear  and  abrupt,  and  usually  the  bone  forms  an  oval  cup,  in 
which  the  end  of  the  cartilage  is  retained  by  means  of  the  continuity  which  exists 
between  the  periosteum  and  the  perichondrium.  There  is  no  articulation  in  the 
proper  sense  between  the  rib  and  its  cartilage,  although  a  synovial  cavity  has 
occasionally  been  found  between  the  first  rib  and  its  cartilage. 

Interchondral  Joints. 

These  articulations  are  arthrodial  diarthroses,  and  they  are  found  between  ad- 
joining margins  of  certain  of  the  costal  cartilages,  viz.  from  the  fifth  to  the  eighth 
or  ninth.  The  cartilages  which  thus  articulate  develop  flattened,  somewhat  conical, 
prolongations  of  their  substance,  and  thereby  the  intercostal  spaces  are  interrupted 
where  these  flat  articular  facets  abut  against  each  other.  Each  joint  is  closed 
by  a  surrounding  capsular  ligament,  the  superficial  and  deep  aspects  of  which  are 
specially  strengthened  by  external  and  internal  interchondral  ligaments.  These 
bands  extend  obliquely  between  adjacent  cartilages. 

A  synovial  membrane  lines  each  joint  capsule. 

Costo-sternal  Joints. 

The  upper  seven  pairs  of  costal  cartilages,  as  a  rule,  extend  to  the  lateral 
margins  of  the  sternum  (articulationes  sternocostales).  Of  these,  the  first  pair  is 
implanted  directly  upon  the  manubrium  sterni.  The  ossific  process  ends  abruptly 
in  connexion  with  the  rib,  and  abo  ceases  as  suddenly  in  connexion  with  the 
sternum,  and  hencs  the  cartilage  does  not  normally  present  an  articulation  at 
either  end. 

From  the  second  to  the  seventh  pairs  of  ribs  inclusive,  the  costo-sternal  joints 
are  constructed  upon  the  type  of  arthrodial  diarthroses,  although,  in  the  case  of 
the  sixth  and  seventh  cartilages,  the  joint  cavity  is  always  small,  and  is  frequently 
obliterated. 

The  sternal  end  of  each  of  these  costal  cartilages  presents  a  slight  antero-pos- 
terior  ridge  which  fits  into  a  shallow  V-shaped  depression  upon  the  lateral  margin 
of  the  sternum.  With  the  exception  of  the  sixth  cartilage,  the  others  articulate 
opposite  the  lines  of  union  between  the  primary  segments  of  the  sternum,  whereas 
the  sixth  articulates  upon  the  side  of  the  lowest  segment  of  the  meso-sternum. 

Each  joint  is  enclosed  by  a  capsnlar  ligament,  composed  of  fibrous  tissue,  attached 
to  the  adjacent  borders  of  the  articulating  elements.  Specially  strong  fibres  dis- 
tinguish the  superficial  and  deep  aspects  of  the  capsule. 

Tlie  anterior  costo-sternal  ligament  (lig.  costo-sternalium  radiatum,  Fig.  217)  is 
composed  of  strong  fibres  which  radiate  from  the  anterior  surface  of  the  costal 
cartilage,  near  its  sternal  end,  to  the  front  of  the  sternum.  The  ligaments  of 
opposite  sides  interlace  with  each  other,  and  so  cover  the  front  of  the  sternum  with 
a  felted  membrane — the  membrana  etsnd. 


272  THE  AKTKJULATIONS  OR  JOINTS. 

The  posterior  costo-9t«nial  ligameBt — also  a  part  of  the  capsule — has  attach- 
ments similar  to  the  foregoing,  but  the  arrangement  of  its  fibres  is  not  8o  powerful. 

The  licamentnm  costo-ziphoidea  paeseH  from  the  frout  of  the  upper  part  of  the 
xiphoid  cartilage,  obliquely  upwards  and  outwards  to  the  front  of  the  seventh,  and 
sometimes  to  the  front  of  the  (uxth  costal  cartilage. 

Within  the  capsules  of  these  joints  interarticolu  ligamesta  (Ugg.  stemo-coetalia 
iaterarticularia.  Fig.  217)  may  be  found.    Their  disposition  is  somewhat  uncertain,  for 
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whereas,  in  the  case  of  the  second  pair  of  cartilages,  they  invariably  divide  the  joint 
cavity  into  two  distinct  compartments — an  upper  and  a  lower — such  an  arrange- 
ment is  very  uncertain  in  the  other  joints,  and  they  occasionally,  especially  in  the 
cases  of  the  sixth  and  seventh  cartilages,  entirely  obliterate  the  joint  cavity.  These 
ligaments  extend  horizontally  between  the  ends  of  the  costal  cartilages  and  the 
side  of  the  sternum. 

Sjnovial  membnuie  is  found  wherever  a  joint  cavity  is  developed,  and  therefore 
there  may  be  one  or  two  synovial  membranes,  according  to  the  presence  or  absence 
of  a  proper  interarticular  ligament.  When  the  joint  cavity  is  obliterated  by  the 
fibrous  structure  which  represents  the  interarticular  ligament,  a  synovial  membrane 
is  also  absent. 

Sternal  Akticulatiomb. 

Primarily  the  sternum  consists  of  an  elongated  plate  of  hyaline  cartilage,  which 
becomes  subdivided  into  segments  by  the  process  of  ossification. 

The  four  segments  of  which  the  gladiolna  is  originally  composed  unite  with 
each  other  after  the  manner  of  typical  synchondroses. 

Similarly  the  ensiforra  cartilage  and  the  gladiolus  ultimately  become  united. 
It  is  not  usual  to  find  the  raanubrio-gladiolar  joint  obliterated  by  the  ossification  of 
the  two  bony  Begmeute.  Even  in  advanced  life  it  remains  open,  and  the  joint  par- 
takes of  the  nature  of  an  araphiarthrosis  (Fig.  217),  although  a  joint  cavity  is  not 
found  under  any  circumstances  in  the  plate  of  fibro-cartilage  which  inter^^enes 
between  the  manubrium  and  the  gladiolus. 

The  membraiia  stemi,  to  which  reference  has  already  been  made,  assists  in 
strengthening  the  union  between  the  different  segments  of  the  sternum. 

Horementa  of  the  Bibs  and  Steranm.— TLe^e  jDovemenU  may  b«  conaidefed  eith» 

indi^pendputly  of,  or  m  aiwociat^d  vrilh,  reepiratioii. 

In  tho  former  condition  tlio  rilw  move  in  connexion  with  flexion  and  extension  of  tb« 
verti'bral  iiiliimn,  l>eing  more  or  letw  ilcpreest^l  and  ajiproximat^d  in  the  former,  and  nlcvatc)  oi 
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pulled  apart  in  the  latter  case.  Considered  in  connexion  with  respiration,  it  is  necessary  to 
observe  tnat,  to  all  intents  and  purposes,  the  vertebral  column  and  tlie  sternum  are  rigid  structures. 
Next  we  must  remember  that  the  heads  of  all  the  ribs  occupy  fixed  positions,  and  similarly 
thi;  anterior  ends  of  seven  pairs  of  cartilages  are  fixed  to  the  lateral  margins  of  the  sternum. 
The  ribs  thus  form  arches,  presenting  a  large  amount  of  obliquity  from  behind  forwartls.  There- 
fore, during  inspiration,  wnen  the  rib  is  elevated,  the  arch  becomes  more  horizontal,  and  the 
transverse  diameter  of  the  chest  is  increased.  At  the  same  time,  the  anterior  ends  of  the  sternal 
ribs  tend  to  thrust  the  sternum  forwards  and  upwards ;  but  the  nature  of  the  attachment  of  the 
first  pair"  of  ribs  to  the  sternum,  as  well  as  the  attachment  of  the  diaphragm  to  the  eusiform 
cartilage,  prevents  this  movement  from  becoming  excessive,  and  hence  the  sternum  becomes  a  line 
of  n^idtance  to  the  forward  thrust  of  the  ribs.  As  a  consequence,  the  ribs  rotate  upon  themselves 
about  an  oblique  axis  which  passes  downwards,  outwards,  and  backwards  through  the  capitular 
joint  and  the  neck  of  the  rib  anterior  to  the  costo-transverse  joint 

In  this  way  increase,  both  of  the  antero-posterior  and  transverse  diameters  of  the  thorax,  is 
provided  for,  although  the  amount  of  increase  is  not  equally  pronounced  in  all  planes.  Thus  at 
the  level  of  the  first  rib  very  little  eversion  is  possible,  because  the  axis  of  rotation  is  nearly 
transverse,  and  therefore  any  increase  in  the  transverse  or  antero-posterior  thoracic  diameters  at 
this  level  may  be  disregarded,  although  a  certain  amount  of  elevation  of  the  manubrium  stemi 
and  anterior  end  of  the  first  rib  is  evident 

Below  the  level  of  the  sixth  rib  elevation  and  rotation  of  the  rib  during  inspiration  are 
usually  said  to  be  complicated  by  a  certain  amount  of  backward  movement,  due  to  the  character 
of  the  costo-transverse  joint,  until,  in  the  case  of  the  last  two  ribs,  which  are  destitute  of  costo- 
transverse joints,  a  movement  backwards  is  almost  entirely  substituted  for  elevation.  It  is 
probable,  however,  that  the  movements  of  the  asternal  ribs  exactly  correspond  to  those  of  the 
sternal  series,  and  that  by  the  contraction  of  the  costal  digitations  of  the  diaphragm  the 
anterior  ends  of  the  asternal  ribs  are  provided  with  fixed  positions  comparable  to  those  supplied 
by  the  sternum  to  the  ribs  of  the  sternal  series. 

We  may  therefore  say  that  during  inspiration  the  ribs  move  upwards  and  outwards  between 
their  fixed  ends,  while  as  a  whole  the  rib  rotates,  and  its  anterior  end  is  thrust  slightly  forwards. 

During  expiration  these  movements  are  simply  reversed. 

THE  ARTICULATIONS  OF  THE  SUPERIOR  EXTREMITY. 

The  bony  arch  formed  by  the  clavicle  and  scapula  articulates  directly  with  the 
axial  skeleton  only  at  one  point,  viz.  the  stemo-ckvicular  joint. 

ARTICULATIONS  OF  THE  CLAVICLE. 

Thb  Stebno-clavicular  Joint. 

The  sterno-clavicular  joint  (articulatio  sterno-clavicularis)  is  an  example  of  an 
arthrodial  diarthrosis.  The  articular  surfaces  concerned  in  its  formation  present 
the  following  appearances : — 

1.  The  sternal  end  of  the  clavicle  is  somewhat  triangular  in  outline,  having  its 
most  prominent  angle  directed  downwards  and  backwards.  The  anterior  and 
posterior  sides  of  the  triangle  are  slightly  roughened  for  the  attachment  of 
hc^aments,  while  the  base  or  inferior  side  is  smooth  and  rounded,  owing  to  the 
prolongation  of  the  articular  surface  to  the  inferior  aspect  of  the  bone.  In  the 
antero-posterior  direction  the  articular  surface  tends  to  be  concave,  while  vertically 
it  is  slightly  convex. 

2.  An  articular  facet,  situated  on  the  superior  lateral  angle  of  the  manubrium 
sierni,  but  in  a  plane  slightly  behind  the  supra-sternal  notch,  articulates  with  the 
clavicle.  This. facet  is  considerably  smaller  than  the  clavicular  facet  with  which  it 
articulates. 

o.  The  superior  surface  of  the  first  costal  cartilage  close  to  the  sternum  also 
jiarticijKites  to  a  small  extent  in  the  articulation. 

It  should  be  noted  that  the  articular  surfaces  of  the  clavicle  and  sternum  are 
eovkTed  mainly  by  flbro-cartilage. 

A  capsular  ligament  is  well  marked  on  all  sides  except  inferiorly,  where  it  is 
very  thin. 

The  anterior  Btemo-clavicular  ligament  (Fig.  217)  forms  part  of  the  capsule,  and 
consists  of  short  fibres  which  extend  obliquely  downwards  and  inwards  from  the 
anterior  aspect  of  the  sternal  end  of  the  clavicle  to  the  adjoining  anterior  surface 
of  the  sternum  and  the  anterior  border  of  the  first  costal  cartilage. 

The  poBterior  sterno-clavicular  ligament  also  forms  part  of  the  capsule,  and 
19 
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consists  of  similarly  disposed,  but  not  so  strong,  oblique  fibres  situated  on  the 
posterior  aspect  of  the  articulation. 

A  fibro-cartilaginous  meniscus  (discus  articularis,  Fig.  217)  divides  the  joint 
cavity  into  two  compartments.  It  is  nearly  circular  in  shape,  and  adapts  itself  to 
the  articular  surfcices  between  which  it  lies.  It  is  thickest  at  the  circumference  and 
thinnest  at  the  centre,  where  it  occasionally  presents  a  perforation,  thereby 
permitting  the  two  synovial  cavities  to  intercommunicate.  By  its  circumference  ii 
is  in  contact  with,  and  adherent  to,  the  surrounding  capsule,  but  its  upper  margin  Is 
attached  to  the  apex  of  the  articular  surface  of  the  clavicle,  while  by  its  lower 
margin  it  is  fixed  to  the  sternal  end  of  the  first  costal  cartilage. 

Two  accessory  ligaments  are  associated  vnth  this  joint,  viz.  the  interclavicular 
and  the  rhomboid. 

The  interclavicular  ligament  (Fig.  217)  is  a  structure  of  considerable  strength, 
forming  a  broad  band  of  fibrous  tissue  which  is  attached  to  the  superior  rounded  angle 
or  apex  of  the  sternal  end  of  the  clavicle  as  well  as  to  the  adjacent  margins  of  the 
articular  surface.  Its  fibres  pass  across  the  interclavicular  notch  to  become  attached 
to  corresponding  parts  of  the  opposite  clavicle,  but  in  their  course  they  dip  down  into 
the  suprasternal  notch,  in  which  many  of  them  are  fixed  to  the  sternum.  In  this 
way  their  presence  neither  bridges  nor  obliterates  the  notch  between  the  two 
clavicles,  and  the  ligament  really  becomes  a  superior  sterno-clavicular  ligament  for 
each  joint. 

The  rhomboid  ligament  (lig.  costo-claviculare.  Fig.  217)  consists  of  short,  strong 
fibres  which  are  attached  inferiorly  to  the  upper  surface  of  the  first  costal  cartilage. 
They  pass  obliquely  upwards  and  outwards  to  a  rough  impression  situated  on  the 
lower  aspect  of  the  sternal  end  of  the  clavicle,  and  are  distinct  from  the  capsular 
ligament.     Occasionally  a  bursa  is  found  in  the  interior  of  this  ligament. 

As  a  rule  there  are  two  synovial  membranes  lining  the  two  joint  cavities  (Fiir. 
217),  separated  from  each  other  by  the  interarticular  meniscus.  Sometimes,  however, 
the  two  membranes  establish  continuity  through  a  perforation  in  the  meniscus. 

The  Acromio-clavicular  or  Scapulo-clavicular  Joint. 

The  acromio-clavicular  joint  (articulatio  acromio - clavicularis)  is  another 
instance  of  an  arthrodial  diarthrosis.  It  is  situated  between  the  acromial  end  of 
the  clavicle  and  the  inner  aspect  of  the  acromion  process  of  the  scapula.  Each 
articular  surface  is  an  oval,  flattened  facet,  covered  by  fibro-cartilage. 

The  ligaments  which  surround  this  small  joint  form  a  complete  capsule 
(capsula  articularis),  of  which  the  upper  and  lower  parts  are  specially  strong,  and 
are  therefore  named  the  superior  and  inferior  acromio-clavicular  ligaments  (Fig.  219). 
These  consist  of  short  fibres  passing  between  the  adjacent  rough  margins  of  the 
two  bones  in  the  positions  indicated  by  their  names. 

A  meniscus  (discus  articularis),  which  is  nearly  always  incomplete,  and  may 
occasionally  be  wanting,  is  usually  found  within  the  joint  cavity,  where  it  lie> 
obliquely,  with  its  upper  margin  farther  from  the  mesial  plane  than  its  lower 
margin,  and  having  its  borders  attached  to  the  surrounding  capsule.  Frequently 
the  meniscus  is  wedge-shaped,  with  its  base  directed  upwards  and  its  apex  free. 

A  synovial  membrane  is  found  forming  either  a  single  or  a  double  sac,  according  to 
the  condition  of  the  meniscus.  Complete  division  of  the  joint  cavity,  however,  is  rare. 

Ligamentum  Ooraco-claviculare. — Accessory  to  this  articulation  there  is  tht' 
strong  coraco-clavicular  ligament  which  binds  the  acromial  end  of  the  clavicle  u> 
the  coracoid  process  of  the  scapula.  It  is  readily  divisible  into  two  parts,  viz.  the 
conoid  and  trapezoid  ligaments. 

The  conoid  ligament  (Fig.  219)  is  situated  internal  to  and  slightly  behind  the 
trapezoid.  It  is  narrow  and  pointed  at  its  inferior  end,  by  which  it  is  attached 
to  the  upper  aspect  of  the  coracoid  process,  in  close  proximity  to  the  suprascapular 
notch.  Its  upper  end  widens  out  in  the  manner  expressed  by  its  name,  and  is 
attached  to  the  conoid  tubercle  of  the  clavicle. 

The  trapezoid  ligament  (Fig.  219)  is  attached  inferiorly  to  the  upper  surface  of  the 
posterior  half  of  the  coracoid  process,  external  and  anterior  to  the  attachment  o! 
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the  conoid  ligament.  Superiorly  it  is  attached  to  the  trapezoid  ridge  on  the  under 
surface  of  the  acromial  end  of  the  clavicle.  Its  outer  and  inner  borders  are  free. 
Its  anterior  surface  is  principally  directed  upwards,  and  its  posterior  surface,  to  a 
similar  extent,  looks  downwards. 

A  synovial  bursa  usually  occupies  the  re-entrant  angle  between  these  two 
ligaments. 

MoTements  at  the  Olaviciilar  Jointa — The  movements  of  the  imier  end  of  the  clavicle  at 
the  stemo-claYicnlAr  joint  are  limited  in  their  range,  owing  to  the  tension  of  the  ligamente. 
When  the  shoulder  is  raised  or  depressed  the  outer  end  oi  the  clavicle  moves  upwards  and 
downwards,  whilst  its  sternal  end  ghdes  upon  the  surface  of  the  interarticular  meniscus  within 
tlie  joint ;  when,  on  the  other  hand,  the  shoulder  is  carried  forwards  or  backwards,  the  inner 
eud  of  the  clavicle  along  with  the  interarticular  meniscus  moves  upon  the  sternal  facet  In 
addition  to  these  movements  of  elevation,  depression,  forward  movement  and  backward  move- 
ment of  the  clavicle,  there  is  also  allow^  at  the  sterno-clavicular  joint  a  certain  amount  of 
circumduction  of  the  clavicle. 

The  part  which  is  played  by  certain  of  the  ligaments  in  restraining  movement  requires 
careful  consideration.  The  rhomboid  ligament  checks  excessive  elevation  of  the  shoulder,  and 
rt^trainB  within  certain  limits  both  backward  and  forward  movement  of  the  clavicle.  When  the 
clavicle  is  depressed,  as  in  cases  where  a  heavy  weight,  such  as  a  bucket  of  water,  is  carried  in  the 
hand,  it  receives  support  by  resting  upon  the  first  rib,  and  the  tendency  for  the  inner  end  of  the 
l)one  to  start  up  out  of  its  sternal  socket  is  obviated  by  the  tension  of  the  interarticolar 
meniscTia,  the  interclavicular  ligament,  and  the  anterior  and  posterior  stemo  •  clavicular 
ligaments. 

The  interarticnlar  meniscus  not  only  acts  as  a  cushion  which  lessens  the  shock  of  blows 
received  upon  the  shoulder,  but  it  also  acts  as  a  most  important  bond  of  union,  and  prevents  the 
inner  end  of  the  clavicle  from  being  driven  upwards  upon  the  top  of  the  sternum  when  force  is 
applied  to  its  outer  end. 

The  movements  at  the  acromio-clavicalar  joint  are  of  such  a  kind  as  to  allow  the  inferior 
angle,  and  to  some  extent  the  base  of  the  scapula,  to  remain  more  or  less  closely  applied  to  the 
chest- wall  during  the  various  movements  of  the  shoulder.  The  strong  connexion  between  the 
coracoid  process  and  the  acromial  end  of  the  clavicle,  by  means  of  the  conoid  and  trapezoid 
ligaments,  renders  it  necessary  that  the  scapula  should  follow  the  clavicle  in  its  various 
excursionai  The  presence  of  the  acromio-clavicular  joint,  however,  enables  the  scapula  to  change 
its  position  somewhat  with  reference  to  the  clavicle  as  the  shoulder  is  moved  Tnus,  when  the 
shoulder  is  raised  and  depressed,  a  marked  difference  takes  place  in  the  angle  between  the  two 
bones;  again,  when  the  shoulder  is  thrown  forwards  or  backwards,  these  movements  can  be 
performed  without  altering  in  a  material  degree  the  direction  of  the  glenoid  cavity  of  the  scapula, 
or  in  other  words,  the  socket  of  the  shoulder-joint. 

The  conoid  and  trapezoid  ligaments  set  a  limit  upon  the  movements  of  the  scapula  at  the 
acromio-clavicular  joint  They  both,  but  more  particularly  the  trapezoid  ligament,  prevent  the 
acromion  process  of  the  scapula  from  being  carried  inward  below  tne  outer  end  of  the  clavicle 
when  blows  fall  upon  the  outer  aspect  of  the  shoulder. 

Ligaments  of  the  Scapula. 

These  ligaments  are  not  directly  connected  with  any  articulation.  The  coraco- 
acromial  ligament  (lig.  coraco-acromiale,  Fig.  219)  completes  the  arch  between  the 
coracoid  and  acromion  processes  of  the  scapula,  and  thus  provides  a  secondary 
socket  for  the  greater  protection  and  security  of  the  shoulder-joint.  It  is  a  flat 
triangular  structure  stretched  tightly  between  its  lines  of  attachment.  By  its  base 
it  is  fixed  to  a  varying  amount  of  the  postero-external  border  of  the  coracoid 
process,  and  by  its  narrower  apical  end  to  the  tip  of  the  acromion  process,  im- 
mediately external  to  the  acromio-clavicular  joint.  Its  surfaces  look  upwards  and 
downwards,  and  its  free  borders  outwards  and  inwards.  It  is  thinnest  in  the 
centre,  where  it  is  sometimes  perforated  by  a  prolongation  of  the  tendon  of  the 
pectoralis  minor  muscle. 

The  Buprascapiilar  ligament  (lig.  transversum  scapulae  superius)  is  a  distinct  but 
short  flat  band  which  bridges  the  notch  of  the  same  name.  It  may  be  continuous 
with  the  conoid  ligament,  and  it  is  frequently  ossified.  As  a  rule  the  foramen 
completed  by  this  ligament  transmits  the  suprascapular  nerve,  while  the  corre- 
sponding vessels  travel  above  the  ligament  to  reach  the  supraspinous  fossa. 

A  small  duplicate  of  this  ligament  may  often  be  found  bridging  the  foramen  on 
its  ventral  aspect^  subjacent  to  which  small  branches  of  the  suprascapular  artery 
return  from  the  supraspinous  to  the  subscapular  fossa. 

The  Bpino* glenoid  ligament  (Lig.  transversum  scapulee  inferius)  consists  of 
another  set  of  bridging  fibres  which  are  situated  on  the  posterior  aspect  of  the 
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neck  of  the  scapula.  By  one  end  they  are  attached  to  the  external  horder  of  tbe 
scapular  spine,  and  hy  the  other  to  the  adjacent  part  of  the  poeterior  aspect  of 
the  head  of  the  scapula.  The  suprascapular  nerve  and  vessels  pass  eubjaceot  to 
this  ligament. 

THE  SHOULDER^JOINT. 

The  shoulder-joint  (articulatio  humeri)  is  one  of  the  largest  as  well  as  the  most 
important  of  the  joints  of  the  upper  limb.  It  ia  an  example  of  the  enarthrodial, 
i.e.  ball-and-socket  variety  of  a  diarthrosis,  and,  at  the  cost  of  a  certain  amount  of 
security,  it  has  obtained  an  extended  range  of  movement. 

The  bones  which  enter  into  its  formation  are  the  glenoid  fossa  of  the  scapula 
and  the  head  of  the  humerus. 

The  glenoid  fossa  is  a  shallow  pyriform  articular  surface,  having  its  narrow  eod 
directed  upwards  and  slightly  forwards.  The  upper  half  of  the  anterior  margin  of 
tbe  fossa  is  characterised  by  a  shallow  notch  which  accominodates  the  narrow  part 
of  the  subscapularis  muscle  as  it  runs  outwards  to  its  insertion.  At  the  apex  ol'  tbe 
fossa  there  is  a  flat  area  for  the  attachment  of  the  long  tendon  of  the  biceps  flexor 
cubiti  muscle.  The  head  of  the  humerus  is  hemispherical  and  articular,  while, 
external  to  itn  articular  margin,  there  is  a  slight  constriction  (the  anatomical  or 
true  neck  of  the  humerus),  which  is  most  strongly  marked  in  relation  to  tbe 
greater  and  lesser  tuberosities  of  the  humerus. 

Uuder  ordinary  coDditions  the  two  articular  surfaces  are  maintained  in 
apposition  by  muscular  action,  aided  by  atmospheric  pressure,  and  thus,  when  the 
muscles  are  removed,  the  bones  fall  asunder  to  the  full  esteut  of  the  reatraioiDg 
ligaments.  Only  a  small  part  of  the  humeral  head  is  in  contact  with  the  glenoid 
fossa  at  any  particular  moment,  because  the  former  is  much  larger  than  the  latter, 
but,  by  reason  of  the  shallow  character  of  this  fossa,  all  parts  of  the  two  articular 
surfaces  may  successively  be  brought  into  contact  with  each  other. 

In  the  position  of  rest,  as  the  limb  hangs  parallel  to  the  vertical  axis  of  the 
trunk,  the  inferior  aspect  of  the  neck  of  the  humerus  is  brought  into  close  relation 
with  the  lower  part  of  the  glenoid  fossa. 

The  glenoid  ligament  (labrum  gleuoidale,  Fig.  219)  deepens  the  glenoid  fossa, 
and  thus  extends  the  articular  surface.     It  is  situated  within  the  joint  capaule.and 
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the  biceps,  whitb 
arises  from  the  apex  of  the  glenoid  fossa,  becomes  to  a  considerable  extent  in- 
corporated with  this  ligament. 

The  capsular  lijpunent  (capsnla  articularis.  Fig.  218)  presents  the  general  ahai* 
which  is  characteristic  of  the  corresponiliug  ligament  in  other  ball-and-socket  joints. 
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viz.  a  hollow  cylinder.  By  its  upper  end  the  capsule  is  attached  to  the  circum- 
ference of  the  glenoid  fossa,  external  to  the  glenoid  ligament,  and  also,  to  a  considei- 
able  extent,  to  the  glenoid  ligament  itself. 

By  its  lower  end  it  is  attached  to  the  neck  of  the  humerus,  and  therefore 
beyond  the  articular  area  of  the  head.  The  capsule  ia  strongest  on  its  superior 
aspect,  while  inferiorly,  where  the  neck  of  the  bone  is  least  defined,  it  extends 
downwards  fur  a  short  distance  upon  the  humeral  shaft.  Its  fibres  for  the  most 
part  run  longitudinally,  but  a  certain  number  of  them  [Hirsue  a  circular  direction. 

A  prolongation  of  the  capsule,  the  truisverse  tmmeral  ligament  presenting  both 
longitudinal  and  transverse  fibres,  bridges  that  part  of  the  bicipital  groove  which  is 
situated  between  the  tuberosities  of  the  humerus.  At  this  point  an  interruption 
in  the  capsule,  beneath  the  transverse  humeral  ligament,  permits  the  long  tendon 
of  the  biceps  to  escape  from  its  interior.  In  addition  to  the  opening  just  referred 
to,  there  is  another  very  constant  deficiency  in  the  upper  and  anterior  part  of 
the  capsule,  where  the  narrowing  tendon  of  the  subscapularis  muscle  is  brought 
into  contact  with  a  bursa  formed  by  a  protrusion  of  the  synovial  membrane.  Tliis 
defect  in  the  capsule  has  its  long  axis  in  the  direction  of  the  longitudinal  fibres. 
Occasionally  there  is  a  similar  but  smaller  opening  under  cover  of  the  tendon  of 
the  infraspinatus  muscle.  Through  the  two  latter  openings  the  joint  cavity 
communicates  with  harais  situated  between  the  capsule  and  the  muscles  re- 
ferred to. 

The  tendons  of  the  subscapularis,  supraspinatus,  and  infraspinatus  muscles 
fuse  with,  and  so  strengthen,  the  capsule  aa  they  approach  their  respective 
insertions. 

Oh  the  superior  aspect  of  the  articulation  the  capsule  is   augmented  by  an 
accessory  structure,  the  ligameiitum  coraco-humerale  (Fig.  218).     By  its  inner  end, 
which  is  situated  immediately  above  the  glenoid  fossa,  but  subjacent  to  the  coraco- 
acromial  ligament,  it  is  attached  to  the  external  border  of  the  root  of  the  coracoid 
process,  while  its  outer  end  is  attached  to  the  humeral  neck  close  to  the  great  tuberosity. 
This  ligament  forma  n  flattened  band,  having  its  hinder  and  lower  border  fused  with 
the  capsule,  but 
its   anterior  and 
upper    margin 
presents    a    free 
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QUno-hnmenU  Ligunenta  (Fig.  219).— If  the  capsule  lieoiienBd  from  hehind,  and  the  head  <jf  the 
humerus  bi>  removed,  it  will  he  seen  that  the  longitudinal  fibres  of  the  anterior  part  of  the  caiwiile 
are  specially  developed  in  thu  form  of  thick  flattened  bands  which  extend  from  the  anterior  border 
of  the  glenoid  fotM  to  the  anterior  aspect  of  the  neck  of  the  humerus.     Theae  gleno-humeral 
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ligaments  are  three  in  number,  and  occupy  the  followingpositions :  the  saparior  is jtlaced  abort  the 
aperture  in  the  front  of  the  capsule ;  the  middle  and  inferior  on  the  antero-infenot  aspect  of  the 
capsule,  and  btlovj  the  aperture  mentioned. 

The  auperior  gleno-hunieral  ligament,  which  some  helieve  to  represent  the  ligamentum  tet« 
of  the  hip-joint,  eprings,  along  with  the  middle  gleno-humeral  band,  from  the  upp«r  part  of  the 
anterior  glenoid  margin.  The  inferior  band  is  the  strongest  of  the  three,  and  springs  from  the 
lower  part  of  the  anterior  glenoid  margin. 

Intra-capsnlar  Strnctures.— 1.  The  glenoid  ligament,  already  described.  2. 
The  loDg  tendon  of  the  biceps  passes  outwards  from  its  attachment  to  the  apes  i»f 
the  glenoid  fossa  and  the  adjoining  part  of  the  glenoid  ligament,  above  the  head  and 
neck  of  the  humerus,  to  escape  from  the  interior  of  the  capsule  by  the  opening 
between  the  tuberosities  of  the  humerus,  subjacent  to  the  transverse  humeral 
ligament. 

SjmoTial  membrane  (Fig.  220)  lines  the  capsule  of  the  joint,  and  extends  from 
the  margin  of  the  glenoid  fossa  to  the  humeral  attachments  of  the  capsule,  where  it 

is  reflected  towards  the 

L  margin  of  the  articulHr 

fi  cartilage.     It  is  there- 

flngiiMii        fore  important  to  note 

■  fhiwp*  j^jj^j.  j.|^g  inferior  aspect 

of  the  humeral  neck  has 
the    most   extensive 
clothing  of  synovial 
^^a^  membrane.    Further, 

the  synovial  membrane 
envelops  the  intra-cap- 
sular  part  of  the  tendon 
of  the  biceps,  and  al- 
though this  tubular 
sheathis  prolonged  upon 
,  the  tendon  into  the 
upper  part  of  the  bi- 
cipital groove,  yet  the 
closed  character  of  the 
synovial  cavity  is  main- 
tained.   Thus,  while  the 

,  tendon    is   within    the 

Shoui.dkb-Joint.  1      .1  ■         .      -,.1.  ■ 

capsule,  it  IS  not  within 
the  synovial  cavity.  The  synovial  membrane  is  continuous  with  those  burs^e 
which  communicate  with  the  joint  cavity  through  openings  in  the  ligamentous 
capsule. 

BtUSS  (a)  Connnum'cating  wilK  the  Joint  Oanty. — Practically  there  is  only  one  bursa  which 
in  constant  in  its  pofition,  vi7„  the  lubicapaldT,  between  the  <;ap!<ule  and  the  tendon  of  the  sub- 
scapnlariB  muscle.  It  varies  considerably  in  its  dimensions,  but  ita  lining  membrane  is  alwavs 
continuous  with  that  which  lines  the  capule  (Figs.  217  and  S16),  and  therefore  it  may  W 
regarded  merely  as  a  prolongation  of  the  articular  synovial  membrane.  Occasionally  a  similar 
but  smaller  bursa  occurs  between  the  caj>8ule  and  the  tendon  of  the  infraH|iiiiatua  miLsclt, 

(b)  Nut  comnmnicaling  wilK  the  Joint  Cai-ily. — The  subdeltoid  or  sab-acromi»l  boTM  i^ 
situated  between  the  muxcles  on  the  superior  aspect  of  the  shoulder-joint  on  the  one  hand  and 
the  deltoid  muscle  on  the  other.  It  is  an  extensive  bursa,  and  is  prolonged  subjacent  to  the 
acromion  process  and  the  coraco-acromiul  ligament  It  does  not  communicate  with  the  shouldrt^ 
joint,  but  It  greatly  facilitates  the  movements  of  the  upper  end  of  the  humerus  against  the  under 
surface  of  the  coraco-acromial  arch. 

MoTomentB  at  the  Slioulder-Joillt. — A  ball-and-socket  joint  permiti^  «{  a  great  variety  <>f 
movements,  practically  in  all  directions ;  but  if  these  movements  lie  analysed,  it  will  be  seen  that 
they  resolve  themselves  into  movements  about  three  primary  axi-s  at  right  angles  to  each  other, 
or  about  axes  which  arc  the  possible  conibinations  of  the  primary  ones. 

Thun,  alKjiit  a  Imnsvi'rae  axis,  the  limb  may  move  forwards  (flexion)  or  backwards  (exteniionV 
About  an  antero-jiosU-rior  axis  it  may  move  oittwanls,  i.e.  away  from  the  medial  plane  of  the 
Inmk  (abdaction),  or  iiiwanis,  i.r.  towards,  aii<l  to  some  extent  up  to,  the  mesial  plane 
(addnction). 

About  a  vertical  axis,  the  humerus  may  rotate  upon  its  axis  in  an  inward  or  outward  direction 
to  the  extent  of  a  quarter  of  a  circle. 
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Since  dieae  axes  all  pass  through  the  ahoulder-joiut,  and  since  eacli  may  present  varying 
degrees  of  obliquity,  it  followa  that  very  elabcnate  combinations  are  possible  until  the  movement 
of  drcDindDCtioii  is  evolved.  In  this  movement  the  head  of  the  hnmems  acts  as  the  apex  of  a 
cons  of  moTsment  with  the  distal  end  of  the  hnmenia,  describing  the  base  of  the  cone. 

The  range  of  the  shoulder-joint  movements  is  still  further  ino^nsed  from  the  mobility  of 
ihe  scapula  as  a  whole,  and  from  its  aseociation  with  the  movements  of  the  cl&vide  already 
described. 


THE  ELBOW-JOINT. 

This  articulation  (articiilatio  cubiti)  provides  an  instance  of  a  diarthroaia  capable 
of  performing  the  movements  of  flexion  and  extension  about  a  single  axis  placed 
tranaversely,  i.e.  a  typical  ginglymus  diarthroaia  or  hinge-joint. 

The  bones  which  enter  into  its  formation  are  the  humerus,  ulna,  and  radius. 
The  trochlea  of  the  humerus  articulates  with  the  greater  sigmoid  cavity  of  the 
ulna  (articulatio  humero-ulnaris) ;  the  capitellum  of  the  humerus  articulates  with 
the  shallow  depression  or  cup  on  the  superior  aspect  of  the  head  of  the  radius  (articu- 
latio humero-radialis).    The  articular  cartilage  clothing  the  trochlea  of  the  humerus 
terminates  in  a  sinuous  or  concave  margin  both  anteriorly  and  posteriorly,  so  that 
it  does  not  line  either  the 
corouoid  or  the  olecranon 
fosaa.    Internally,  it  merely 
rounds  off  the  inner  margin 
of  the  trochlea,  but  exter- 
nally it  ia  continuous  with 
the     encru  sting     cartilage 
covering  the  capitellum,  to 
the  margin  of  which  the 
cartilage    extends    in    all 
directions,  and  thua  it  pre- 
sents  a    convex    edge    in       Antcn 
relation  to  the  aupra-capi-      "^™ 
tellar  or  radial  fossa.     The 
cartilage  which   linea  the 
greater   sigmoid  cavity  of 

the  ulna  presents  a  trans-      ^^^^^  ™iiiter.i 

verse  interruption, consider-         ""tei 
ably  wider  on  ita  inner  aa       '**""' 
compared   with    ita    outer 
aspect.     Thereby  the  coro- 
noid    and    olecranon   aeg-     orbicn 

menta    of    the    fossa    are      "^™  mor 

separated  from  each  other. 
The  cartilage  which  clothes 

the   coronoid    segment    is  **" 

continuous  with  that  which 
clothes  the  lesser  sigmoid 
cavity.  The  shallow  cup- 
shaped  depression  on  the 
headof  the  radius  is  covered 
by  cartilage  which  rounds 

off  the  margin,  and  ia  pro-  j.,^_  22,._antsbio«  V,e>v  of  Blbo«-Jo:nt. 

longed  without  in  terruption 

upon  the  vertical  aspect  of  the  head,  descending  to  its  lowest  level  on  that  part 
opposed  to  the  lesser  sigmoid  cavity. 

Itigaments. — -Taken  aa  a  whole,  the  ligaments  form  a  complete  capsule  (capaula 
articularis),  which  is  not  defective  at  any  point,  although  it  ia  not  of  equal  thick- 
ness throughout,  and  certain  bands  of  fibres  stand  out  distinctly  because  of  their 
greater  strength. 

The  aateriw  ligament  (Fig,  221)  consists  of  a  layer  whose  fibres  run  in  several 
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directions — obliquely,  transversely,  and  vertically — and  of  these  the  \ertical  fibres 
are  of  most  importance.  It  is  attached  above  to  the  upper  margins  of  the  coronoid 
and  Bupracftpitellar  fosase  ;  below,  to  the  margins  of  the  corouoiil  process  and  to  tht 
orbicular  ligament  of  the  superior  radio-ulnar  joint,  but  some  loosely  arranged 
fibres  reach  as  far  as  the  neck  of  the  radius.  The  lateral  portions  of  this  ligament, 
which  are  situated  in  front  of  the  capitellum  and  the  inner  margin  of  the  trochlea 
respectively,  are  much  thinner  and  wejiker  than  the  central  part.  Fibres  of  origin 
of  the  brachi.ilis  anticus  muscle  are  attached  to  the  front  of  this  ligament. 

The  posterior  lUament  is  an  extremely  thin,  almost  redundant  layer. 
Superiorly  it  is  attached,  in  relation  to  the  margin  of  the  olecranon  fossa,  at  a 
varying  distance  from  the  trochlear  articular  surface,  and  inferiorly  to  the  summit 
and  sides  of  the  lip  of  the  olecranon  prooesa.  Externally  siime  of  its  fibrts 
pass  from  the  posterior  aspect  of  the  capitellum  to  the  posterior  border  of  the  lesser 
sigmoid  cavity  of  the  ulna.  This  ligament  derives  material  support  from,  and 
participates  in  the  movements  of,  the  triceps  extensor  cubiti  muscle,  since  they  are 
closely  adherent  to  each  other  in  the  region  of  the  olecranon  process. 

The  intenul  lateral  ligament  (lig.  collaterale  ulnare.  Figs.  221  and  222)  is  a  fan- 


Fid.  2^2.— Elbow- JucNT  (iimtr  K-pect). 

shaped  structure  of  unequal  thickness,  but  its  margins,  which  are  its  strongest  bands, 
are  continuous  with  the  adjoining  parts  of  tlie  anterior  and  posterior  ligaments. 
By  its  upper  end  it  is  attached  to  the  anterior,  inl'erior,  and  posterior  aspects  of  the 
internal  condyle  of  the  humerus.  By  its  broad  lower  end  it  is  attactied  to  the 
inner  margin  of  the  greater  sigmoid  cavity,  so  that  the  anterior  band  is  associated 
principally  with  the  inner  margin  of  the  coronoid  process,  and  the  posterior  band 
with  the  inner  mai^in  of  the  olecranon  process,  while  the  intermediate  weaker 
portion  sends  its  fibres  downwards  to  join  a  transverse  band,  sometimes  verj-  strong, 
which  bridges  the  notch  between  the  adjoining  inner  margins  of  the  coronoid  and 
olecranon  processes. 

1'be  external  lateral  ligament  (lig.  collaterale  radiale,  Fig.  221)  is  a  strong 
flattened  band  attached  superiorly  to  the  lower  and  posterior  aspects  of  the  external 
condyle  of  the  humerus.  It  completes  the  continuity  of  the  capsule  on  the  outer 
side,  and  blends  inferiorly  with  the  orbicular  ligament,  on  the  surface  of  which  its 
libres  may  be  traced  both  to  the  anterior  and  posterior  ends  of  the  lesser  sigmoid 
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not^b.     Both  of  tbe  lateral  ligaments  are  intimately  associated  with  the  muscles 
which  t^ke  origin  from  the  inner  and  outer  condyles  of  the  humerus. 

SynorialPadBof  Tat  (Fig.  223). — Internal  to  the  capsnle,  there  are  several  pads 
of  fat  situated  be- 
tween itand  the  sy  ■ 
DONnal  membrane. 
Small  pads  are  bo 
placed  as  to  lie  im- 
mediately in  front 
of  the  coFonoid  and 
supra-capitellar 
fo&s£e,  but  a  larger 
one  projects  to- 
wards the  olecra- 
non fossa. 

Synovial  mem- 
brane  (Fig.  223) 
lines  tbe  entire 
capsule  and  clothes 
the  pads  of  fat 
above  referred  to, 
as  well  as  those 
portions  of  bone 
enclosed  within  the 
capsule  which  are 
not  covered  by 
articular  cartilage. 
By  its  disposition 
the  elbow  and  the 
superior    radJo- 

nlnar  joints  possess  a  common  joint  cavity.     It  should  be  specially  noted  that  the 
upper  part  of  the  neck  of  the  radius  is  surrounded  by  this  synovial  membrane. 

Uorementa  at  the  Elbow-Joint. — The  movements  of  Uie  ruiiiis  and  ulna  upon  the  humerus 
have  aln-aily  Wen  referred  to  oa  those  churacteriainp  a  itniaxial  joint  conBtructed  on  the  plan  of 
A  binge.  In  this  case  the  axis  of  the  joint  is  obliquely  transvei^e,  ho  that  in  the  extended 
]>o$itiun  the  hiiineriis  and  ulna  form  an  obtuse  angle  oi)en  towards  tlic  raditis,  wheitiw*  in  the 
Hexed  poHition  the  hand  is  carried  innards  in  llie  directiun  of  the  niuiith.  Extreme  flexion  is 
cheokea  by  the  soft  parU  in  front  of  the  ami  and  of  the  fore-arm  coming  into  contact,  and 
estteme  extension  by  the  rejitraining  eifect  of  the  ligaments  and  mnscli's.  In  enc1i  t'fl^4'  tbe 
moTement  is  checke«l  before  either  curonoid  or  olecranon  procesM'A  tome  into  contact  with  the 
humerus.  The  anterior  and  posterior  bands  of  the  i:itenial  lateral  lif^unient  aiv  important  fauton 
in  these  results.  Lateral  movement  of  the  ulna  is  not  a  chararteristic  movement,  although  it 
may  occur  in  a  slight  extent,  owing  to  a  want  of  complete  adajilaliun  between  the  ti'ocTilear 
surface  of  the  humerus  and  the  si^ioid  cavity  of  the  ulna.  This  incongruence  is  noleworthv 
since  the  inner  lip  of  the  trochlea  is  prominent  in  front,  and  the  outer  lip  is  prominent  liehind. 
O'lnactqiiently,  this  latter  part  is  associated  with  a  surface  on  the  outer  side  of  the  olecranon 
which  IS  only  utilised  in  complete  extension. 

The  capitellum  and  the  opposing  surface  upon  the  head  of  the  radius  are  always  in  varying 
degTM«  of  contacL  The  head  of  the  radius  participates  in  the  movements  of  Hexinn  and  exten' 
aiun,  and  is  most  closely  and  completely  in  contact  with  the  humerus  during  the  position  of  semi- 
flexion and  semi -pronation.  In  complete  extennion  a  very  considerable  part  of  the  capilelhim  is 
uncovered  by  the  radius. 

THE  KADIO-ULNAK  JOINTS. 
These  articulations,  which  are  two  in  number,  are  situated  at  the  proximal  and 
distal  ends  of  the  radius  and  ulna.     They  provide  an  adaptation  whereby  the  radius 
rotates  around  a  longitudinal  axis  in  the  movements  of  pronation  and  supination, 
and  hence  this  form  of  uniaxial  diarthroais  is  termed  lateral  ginglymus. 

Superior  Eadio-olnar  Joint  (articulatio  radio-uluaris  proximalis). — In  this 
joint  the  articular  surfaces  which  enter  into  its  formatit^n  are  the  lesser  sigmoid 
cavity  of  the  ulna  and  the  lateral  aspect  of  the  head  of  the  radius.  In  each  case 
the  articular  cartilage  is  continuous  with  an  articular  surface  entering  jnto  the 
formation  of  the  elbow-joint,  consequently  the  joint  cavity  is  continuous  with  that 
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of  the  elbow-joint,  and  therefore,  in  a  aense,  it  lies  within  the  cover  of  the  capsule 
of  the  elbow-joint-;  but  its  special  feature  is  the — 

Orbicular  ligament  (lig.  annulare  radii.  Figs.  221  and  224).  which  has  formerly  been 
mentioned  aa  the  inferior  line  of 
oiecnnon  prw»-  attachment  of  the  external  lateral 

ligament  and  the  ligaments  on 
the  front  and  back  of  the  elbow- 
joint. 

It  is  a  8trong,well- defined  atmc- 
er.1       ture,  attached  by  its  extremities 
to    the    anterior    and    poeterior 
mow      margins   of    the    lesser    sigmoid 
cavity,  and  thus  it  forma  nearly 
four-fifths  of  an  osseo- tendinous 
circle  or  ring.     This  circle  is  some- 
what wider  at  the  upper  than  at 
the  lower  margin  of  the  orbicular 
i,irbicui.r  ligameni  Curongi.i  process  Ugameut,  which,  by  encircling  the 

F.a.  221.-OBI.ICULAR  LicA-KNT  ..P  THi  Rabios.  ^ippcf   pa^t   "f  t^e   uBck  of  the 

radius,  tends  to  prevent  displace- 
ment of  the  head  of  that  bone  in  a  downward  direction.  The  lower  margin  of 
this  ligament  is  not  directly  attached  to  the  radius. 

The  synovial  membrane  is  continuous  with  that  which  lines  the  elbow-joint.  It 
closes  the  joint  lavity  at  the  inferior  unattached  raai^n  of  the  orbicular  ligament, 
where  it  is  somewhat  loosely  arranged  in  its  reflexion  from  the  ligament  to  the 
neck  of  the  radius. 

Inferior  Kadio-olnar  Joint  (urticulatio  radio-ulnaris  distalis). — This  joint  is 
situated  between  the  sigmoid  cavity  on  the  inner  side  of  the  lower  end  of  the 
radius  and  the  lateral  aspect  of  the  head  of  the  ulna.  In  addition,  it  includes  the 
inferior  surface  of  the  head  of  the  ulna,  which  articulates  with  the  superior 
surface  of  a  triangular  plate  of  fibro-cartilage,  by  means  of  which  the  joint  is 
excluded  from  the  radio-carpal  articulation 

The  triangular  interarticnlar  fibro-cartilage  (discus  articularis.  Figs.  225  and  227), 
besides  presenting  articular  surfaces  to  two  separate  joints,  is  an  important  ligamant 
concerned  in  binding  together  the  lower  ends  of  the  radius  and  ulna.  It  is  attached 
by  its  apex  to  the  de- 
pression at  the  outer 
side  of  the  root  of  the 
styloid  process  of  the 
ulna,  and  by  its  base  to 
the  sharp  line  of  de-  ^^^ 
marcatiou  between  the  oro 
sigmoid  cavity  and  the  "" 
carpal  articular  surface  p,,,'  ^^^_c^^^^^  j^c^^^  s^^m:,^  o.  th>  R*n..«,  . 

Ot    the    radius.  TBIANOI-'LAR    FlHRO-CARTlLAliE   OF   THB    WKIST. 

The  ligamentous  cap- 
sule is  very  imperfect,  and  consists  of  scikttered  fibres,  termed  the  anterior  and 
posterior  radio-ulnar   Ugaments  (Fig.   226).      These  ligaments   pass   transversely 
between  adjoining  non-orticulsr  surfaces  on  the  radius  and  ulna,  and  are  of  suiGcient 
length  to  permit  of  the  movements  of  the  radius  in  pronation  and  supination. 

The  synovial  membrane  completes  the  closure  of  the  joint  cavity.  It  forms  a 
loose  bulging  projection  (recessus  sacciformis),  passing  upwards  between  the  lower 
ends  of  the  shafts  of  the  radius  and  ulna,  and  it  also  clothes  the  upper  surface  of 
the  triangular  fibro-cartilage  (Fig.  227).  The  cavity  of  this  joint  is  quite  distinct 
from  that  of  the  radio-carpal  articulation,  except  when  the  triangular  tihro- cartilage 
presents  a  perforation. 

Between  the  foregoing  articulations  there  are  two  accessory  ligaments,  viz.  the 
interosseous  membrane  and  the  oblique  ligament,  which  connect  together  the  shafts 
f  the  radius  and  ulna. 
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The  interosBeons  memtaraiie  (Fig.  222)  of  the  fore-arm  (membrana  interossea  inter- 
bracMi)  is  a  strong  fibrous  membrane  which  stretches  across  the  interval  between 
the  radios  and  uhia,  and  is  firmly  attached  to  the  interosseous  border  of  each.  Below 
it  extends  downwards  to  the  lower  limit  of  the  space  between  the  bones,  whilst 
altove  it  does  not  reach  higher  than  a  point  about  one  inch  below  the  tuberosity 
of  the  radius.  A  gap,  called  the  hiatus  interosseus,  is  thus  left  above  its  upper 
margin,  and  through  this  the  posterior  interosseous  vessels  pass  backwards  between 
the  bones  to  reach  the  dorsal  aspect  of  the  fore-arm.  This  gap  is  bounded  above 
by  the  oblique  ligament.  The  fibres  which  compose  the  interosseous  membrane 
ran  for  the  most  part  downwards  and  inwards  from  the  radius  to  the  ulna,  although 
on  its  dorsal  aspect  several  bands  may  be  observed  stretching  in  an  opposite  direc- 
tion. The  interosseous  membrane  augments  the  surface  available  for  the  origin  of 
the  muscles  of  the  fore-arm ;  it  braces  the  radius  and  ulna  together ;  and  when 
shocks  are  communicated  from  the  hand  to  the  radius,  owing  to  the  direction  of  its 
fibres,  the  interosseous  membrane  transmits  these,  to  some  slight  extent,  to  the  ulna. 

The  obliqae  ligament  (Fig.  222)  is  a  slender  tendinous  band  of  very  varying 
strength  which  springs  from  the  outer  part  of  the  coronoid  process  of  the  ulna,  and 
stretches  obliquely  downwards  and  outwards  to  the  radius  where  it  is  attached 
inunediately  below  the  bicipital  tuberosity. 

Moyements  of  the  Radius  on  the  Ulna. — The  axis  about  whicli  the  radius  movei^  is  a 
longitudinal  one,  having  one  end  passing  through  the  centre  of  the  head  of  the  radius  and 
the  other  through  the  styloid  process  of  the  ulna  and  the  line  of  the  ring-finger.  In  this  axis 
the  head  of  the  radius  is  so  secured  that  it  can  only  rotate  upon  the  lesser  sigmoid  cavity 
of  the  ulna  within  the  orbicular  ligament,  and  consequently  the  radial  head  remains  upon  the 
Kime  plane  as  the  ulna ;  but  the  lower  end  of  the  raduis  being  merely  restrained  by  the 
triangular  fibro-cartilage,  is  able  to  describe  nearly  a  half-circle,  of  which  the  apex  of  this 
ligament  is  the  centre.  In  this  movement  the  radius  carries  the  hand  from  a  position  in  which 
the  palm  is  directed  forwards,  and  in  which  the  radius  and  ulna  lie  parallel  to  each  other 
vsnpination),  to  one  in  which  the  palm  is  directed  backwards,  and  the  radius  lies  diagonally  across 
the  front  of  the  ulna  (pronation). 

The  ulna  is  unable  to  rotate  upon  a  long  axis,  but  while  the  radius  is  travelling  through  the 
arc  of  a  circle  from  without  inwaids  in  front  of  the  ulna,  it  will  usually  be  seen  that  the  ulna 
appears  to  move  through  the  arc  of  a  smaller  circle  in  the  reverse  direction,  viz.  from  within 
r»ut wards.  If  the  humerus  Ihj  prevented  from  moving  at  the  shoulder-joint,  a  very  large  propor- 
tion, if  not  the  entire  amount,  of  this  apparent  movement  of  the  ulna  will  disappear.  At  the 
same  time  some  observers  maintain  that  it  really  occurs  at  the  elbow-joint,  a&sociatea  with  lateral 
movement  during  slight  degrees  of  flexion  and  extension  at  that  joint 

THE  RADIO-CARPAL  JOINT. 

This  joint  (articulatio  radiocarpea)  is  a  bi-axial  diarthrosis,  frequently  called  a 
condyloid  joint. 

The  articular  elements  which  enter  into  its  formation  are:  on  its  proximal  side,  the 
inferior  surface  of  the  lowet  end  of  the  radius,  together  with  the  inferior  surface  of 
the  triangular  fibro-cartilage ;  on  its  distal  side,  the  superior  articular  surfaces  of  the 
scaphoid,  semilunar,  and  cuneiform  bones.  The  articular  surface  of  the  radius  is 
concave  both  in  its  antero-posterior  and  transverse  diameters,  in  order  to  adapt 
itself  to  the  opposing  surfaces  of  the  scaphoid  and  semilunar,  which  are  convex  in 
the  two  axes  named.  In  the  ordinary  straight  position  of  the  hand  the  triangular 
libro-cartilage  is  in  contact  with  the  semilunar  bone,  and  the  upper  articular  surface 
of  the  cuneiform  bone  is  in  contact  with  the  capsule  of  the  joint.  When,  however, 
the  hand  is  bent  towards  the  ulna,  the  cuneiform  bone  is  carried  outwards  as  well 
as  the  semilunar  and  scaphoid,  and  the  triangular  fibro-cartilage  comes  into  contact 
with  the  cuneiform.  The  articular  surface  of  the  radius  is  subdivided  by  an  antero- 
posterior, slightly  elevated  ridge,  into  an  outer  triangular  facet  which  usually  arti- 
culates with  the  scaphoid,  and  an  inner  quadrilateral  facet  for  articulation  with  a 
portion  of  the  semilunar  bone. 

In  the  intervals  between  the  scaphoid,  semilunar,  and  cuneiform  bones,  the  con- 
tinuity of  the  articular  surfaces  is  usually  maintained  by  the  presence  of  interosseous 
ligaments  which  are  situated  upon  the  same  level  as  the  articular  cartilage. 

Ligaments. — A  capsular  ligament  completely  surrounds  the  joint.  It  is  some- 
what loosely  arranged,  and  permits  of  subdivision  into  the  following  portions : — 

The  external  lateral  ligament  (Fig.  226)  is  a  well-defined  band  which  is  attache<i 
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by  one  end  to  the  tip  of  the  styloid  process  of  the  radius,  aad  by  the  other  to  a 
rough  area  at  the  base  of  the  tubercle  of  the  scaphoid  bone,  i.e.  external  to  its 
radial  articular  surface. 

The  internal  la,terftl  ligament  (Fig.  226)  is  also  a  distinct  rounded  structure, 
having  one  end  attached  to  the  tip  of  the  styloid  process  of  the  ulna,  and  the  other  U.i 

the  rough  non-articular 
border  of  the  cuueiform 
bone,  some  of  its  6bres 
being  prolonged  to  thn 
pisiform  bone. 
nuil™  The  anterior  ligament 

(Fig.  226)    is    attached 
'"t*"'^|  superiorly  to  the  anterior 

margin  of  the  lower  end 

of  the  nidins,  as  well  as 

P(,^fg,  slightly  to  the  base  of 

the  styloid  process  of  the 

\ilna.     Some   transverse 

'^ili^ntli  fibres  may  be  seen,  but 

>iig  the  greater  number  pass 

Vnciforni  obliquelydownwaids  and 

inwards  to  the  palmar 
noo-articular  surfaces  of 
the  scaphoid,  semilunar, 
and  cuneiform  bones, 
while  some  of  them  may 
even  be  continued  as  far 
as  the  08  magnum. 
Those    fibres    from    the 

FIO.  m-Ll«.«...T«   ON    ANX...OU   A«PBCT  .,K   li...O.C*KP.L.  """^    HID    ObliqUelj  OUt- 

Cabpal,  and  Carpometacabpal  j.unto.  wards.      On    its   deeper 

aspect  this  ligament  is 
closely  adherent  to  the  anterior  border  of  the  triangular  fibro-cartilage  of  the 
inferior  radio-ulnar  articulation. 

Tlie  posterior  ligament  extiMids  from  tlie  posterior  margin  of  the  lower  end 
of  the  radius,  obliquely  downwanls  and  inwards,  to  the  dorsal  non-articular 
areas  on  the  proximal  row  of  the  carpal  bones.  The  slip  to  the  latter  assists  in 
forming  the  hbrous  sheath  through  which  the  tendon  of  the  extensor  carpi  ulnaris 
muscle  travels  to  its  insertion.  The  principal  bundle  of  fibres  is  connected  with 
the  cuneiform  Imue. 

The  synovial  membrane  (Fig.  227)  is  simple,  and  is  confined  to  the  articulation, 
except  in  those  cases  in  which  the  triangular  hbro -cartilage  is  perforated,  or  in  which 
one  of  the  interosseous  ligaments  between  the  carpal  bones  of  the  first  row  is  absent. 

Movements  at  the  Badio-carpal  Joint— Tlie  radio-carpal  joint  affords  an  i-sr^Ucut  I'xaniplu 
of  a  biaxial  articulation,  in  which  a  long  trannverae  axis  of  movement  is  sitiiate<l  more  oc  lev  at 
right  angles  to  a  sliort  axis  placed  in  the  antero-paeterior  direction.  Tiie  nature  of  the  move- 
ments which  are  possible  about  these  two  axea  is  esneatially  the  same  in  both  cased,  vii.  flezioD 
and  extension.  Tint  movemeuta  about  tlie  longer  transverse  axis  are  anterior  or  palmar  flexion, 
extension,  and  itK  continuation  into  dortti-Hcxioii.  About  the  shorter  antt^ro-poeterior  axis  we  get 
movements  whicli  result  from  combined  action  by  certain  flexor  and  extensor  muscles,  whereby 
the  raiUul  or  ulnar  Inrders  of  the  Iiand  may  be  approximated  towards  the  corresponding  borders 
of  the  fore-arm.  Lateral  movement  may  also  be  possible  tu  a  slight  extent  The  lauge  of  move- 
ment in  connexion  with  either  of  the  principal  axes  is  largely  a  matter  of  individual  peeuliftrily, 
for,  with  the  exception  of  the  laterul  ligaments,  there  is  no  serious  olistacle  to  the  cultivation  of 
greater  mobility  at  the  radio-carpal  joint. 

CARPAL  JOINTS. 

The  articulations  subsisting  between  the  individual  carpal  bones  (articu latin ues 
intercarpeie)  are  all  diurthroees,  and  although  the  total  amount  of  movement 
throughout  the  series  is  considerable,  yet  the  extent  of  movement  which  is  possible 
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between  the  two  rows  or  between  any  two  carpal  bones  is  extremely  limited. 
For  this  reason,  as  well  as  because  of  the  nature  of  the  movement,  these  articula- 
tions are  called  gliding  joints  (arthrodia). 

It  is  advisable  to  consider,  y?rs^,  the  articulations  between  individual  bones  of 
the  proximal  row;  second,  the  articulations  between  the  separate  bones  of  the 
distal  row ;  third,  the  articulation  of  the  proximal  and  distal  rows  with  each  otlier ; 
/ourth,  the  pisiform  articulation. 

The  proximal  row  of  carpal  articulationB  (Fig.  226)  comprises  the  joints 
l>etween  the  scaphoid,  semilunar,  and  cuneiform  bones.  On  their  adjacent  lateral 
aspects  these  bones  are  partly  articular  and  partly  n  on -articular. 

Three  sets  of  simple  but  strong,  although  short  ligamentous  bands  bind  these 
three  carpal  bones  together,  and  form  an  investment  for  three  sides  of  their  inter- 
carpal joints.  These  are — (1)  the  anterior  or  palmar  ligaments,  two  in  number,  which 
consist  of  transverse  fibres  passing  between  the  adjacent  rough  palmar  surfaces  of 
the  bones ;  (2)  the  posterior  or  dorsal  ligaments,  also  two  in  number,  and  composed 
of  similar  short  transverse  fibres  passing  between  the  adjacent  dorsal  surfaces: 
(3)  the  interosseons  ligaments  (Fig.  227),  again  two  in  number,  and  transverse  in 
direction,  situated  on  a  level  with  the  superior  articular  surfaces,  and  extending  from 
the  palmar  to  the  dorsal  aspect  of  the  bones,  while  attached  to  non-articular  areas  of 
the  opposing  surfaces.  The  radio-carpal  joint  is  entirely  shut  off  from  the  inter- 
carpal joints,  and  also  from  the  joint  between  the  two  rows  of  carpal  bones,  except  in 
rare  cases,  when  an  interosseous  ligament  is  wanting. 

The  distal  row  of  carpal  articulations  (Fig.  226)  includes  the  joints  between 
the  trapezium,  trapezoid,  os  magnum,  and  unciform  bones.  Articular  facets  occur 
on  the  opposing  lateral  faces  of  the  individual  bones. 

Associated  with  this  row  there  are  again  simple  bands  of  considerable  strength, 
and  presenting  an  arrangement  similar  to  that  seen  in  the  proximal  row.  As  in 
the  former  case,  they  invest  the  intercarpal  articulations,  except  on  the  superior 
aspect,  where  they  communicate  with  the  transverse  carpal  joint,  and  on  the  inferior 
aspect,  where  they  communicate  with  the  carpo-metacarpal  joint  cavity. 

The  anterior  or  palmar  ligaments  are  three  in  number.  They  extend  in  a  trans- 
verse direction  between  contiguous  portions  of  the  rough  palmar  surfaces  of  the 
bonea  The  posterior  or  dorsal  ligaments,  also  three  in  number,  are  similarly  dis- 
posed on  the  dorsal  aspect.  The  interosseous  ligaments  (Fig.  227)  are  two  or  three 
in  number.  That  which  joins  os  magnum  to  unciform  is  the  strongest;  that 
between  the  trapezoid  and  os  magnum  is  situated  towards  the  dorsal  parts  of  their 
opposing  surfaces ;  the  third,  situated  between  contiguous  non-articular  surfaces 
of  the  trapezium  and  trapezoid,  is  always  the  feeblest,  and  is  frequently  absent. 

The  transverse  carpal  articulation  (Fig.  227)  is  situated  between  the  proximal 
and  distal  rows  of  the  carpus.  The  bones  of  the  proximal  row  present  the  following 
characters  on  their  inferior  or  distal  aspect.  The  outer  part  of  the  articular  surface 
is  deeply  concave,  both  in  the  antero-posterior  and  in  the  transverse  directions,  but 
the  inner  part  of  the  same  surface  is  concavo-convex,  more  especially  in  the  trans- 
verse direction. 

Superiorly,  the  articular  surfaces  of  the  distal  row  of  carpal  bones  present  an 
irregular  outline.  That  part  pertaining  to  the  trapezium  and  trapezoid  is  concave 
in  the  antero-posterior  and  transverse  directions,  and  lies  at  a  considerably  lower 
level  than  the  portion  belonging  to  the  os  magnum  and  unciform,  which  is,  more- 
over, markedly  convex  in  the  antero-posterior  and  transverse  directions,  with  the 
exception  of  the  innermost  part  of  the  unciform,  where  it  is  concavo-convex  in 
both  of  these  directions. 

This  articulation  is  invested  by  a  complete  short  capsule  (Fig.  226)  which  binds 
the  two  rows  of  the  carpus  together,  and  sends  prolongations  to  the  investing 
capsules  of  the  proximal  and  distal  articulations.  The  ligament  as  a  whole  is  very 
strong,  and  individual  bands  are  not  readily  defined,  although  certain  specijil  bands 
may  be  described.  The  palmar  ligaments  radiate  from  the  os  magnum  to  the  scaphoid, 
cuneiform,  and  pisiform.  The  interval  between  the  os  magnum  and  semilunar  is 
occupied  by  oblique  fibres,  some  of  which  pass  from  scaphoid  to  cuneiform,  while 
these  are  joined  by  others,  prolonged  obliquely  downwards  and  inwards,  from  the 
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ligaments  are  three  in  number,  and  occnpy  the  following  positiona  :  the  snperiOT  is  placed  abort  t!ie 
aperture  in  the  front  of  the  capsule  ;  the  mlddla  and  inferior  on  the  antero- inferior  aspect  of  the 
capsule,  and  below  the  aperture  mentioned. 

The  superior  glen o- humeral  ligament,  which  some  believe  to  represent  the  ligamentuni  terr^ 
of  the  hip-jotnt,  springs,  along  with  the  middle  eleno-humeral  band,  from  the  up]>er  part  of  tlif 
anterior  glenoid  nia^n.  The  iiiferior  band  is  tne  strongest  of  the  three,  and  springs  from  the 
lower  pait  of  the  anterior  glenoid  margin. 

Intra-capanlar  Stmctarea. —  1.  The  glenoid  ligament,  already  described.  2 
The  long  tendon  of  the  biceps  passes  outwards  from  its  attachment  to  the  apex  of 
the  glenoid  foasa  and  the  adjoining  part  of  the  glenoid  ligament,  above  the  head  and 
neck  of  the  humerus,  to  escape  from  the  interior  of  the  capsule  by  the  opening 
between  the  tuberosities  of  the  humerus,  subjacent  to  the  transverse  humeral 
ligament. 

Synovial  membrane  (tig.  220)  lines  the  capsule  of  the  joint,  and  extends  from 
the  margin  of  the  glenoid  fossa  to  the  humeral  attachments  of  the  capsule,  where  it 

is  reflected  towards  the 
L  margin  of  the  articuUr 

°lt  cartilage.     It  is  there- 

Long  hei.i        fore  important  to  doIb 
"  3f  bleeps  j^ji^j.  j.jjg  inferior  as])*>cl 

of  the  humeral  neck  has 
the    most   extensive 
clothing  of  synovial 
I™pii»'  membrane.    Further, 

the  synovial  membrane 
envelops  the  intra-cap- 
sular  part  of  the  tendon 
of  the  biceps,  and  al- 
though this  tubular 
sheath  is  prolonged  upon 
.  the  tendon  into  the 
upper  part  of  the  bi- 
cipital groove,  yet  the 
closed  character  of  the 
synovial  cavity  is  main- 
tained.   Thus,  while  the 

_      „„„     ,,  „  ,.  ,  tendon    is   within    the 

Fio.  220. —Vertical  Ssition  thuohqh  the  Shout.deb-Joist.  ,      .^  .  .,,  . 

capsule,  it  IS  not  within 
the  synovial  cavity.  The  synovial  membrane  is  continuous  with  those  burse 
which  communicate  with  the  joint  cavity  through  openings  in  the  ligamentous 
capsule. 

BuiBie  (a)  Cnminuiiicating  with  the  Joint  Canty. — Practically  there  is  only  one  bursa  whii'b 
is  consUnt  in  its  position,  viz.  the  aobscapnlar,  between  the  capsule  and  the  tendon  of  Ihe  nub- 
M'apiilariB  muscle.  It  varies  considerably  in  its  dimensions,  but  its  lining  membrane  is  alwHv~ 
continuous  with  that  which  lines  the  capsule  (Figs.  217  and  218),  and  therefore  it  may  U- 
regarded  nierely  as  a  prolongation  of  the  articular  synovial  nieTnbrane.  Occasionally  a  tiiiiiiUr 
but  siniiller  bursa  occurs  between  the  caifule  and  the  lendon  of  the  infraH])iiiatus  muscle. 

(b)  .A'uE  commtinualing  rmth  Ihe  Joint  Cavily. — The  Bub-deltoid  or  sub-acromial  bona  i^ 
aituat«d  between  the  mupcles  on  the  su^rior  aspect  of  the  shoulder-joint  on  the  one  hand  and 
the  deltoid  muscle  on  the  other.  It  is  an  extensive  bursa,  and  is  prolonged  subjacent  lo  thr 
acromion  process  and  the  coraco-acromial  liganicnL  It  does  not  communicate  with  the  shoulder- 
joint,  but  it  greatly  facilitates  the  movements  of  the  upper  end  of  the  humerus  against  the  under 
surface  of  the  coraco-acrornial  arch. 

Movements  at  tlie  Shoulder-Joint. — A  liall-and<socketjoint  {H'rmilKof  a  great  varieiy  of 
movements,  practically  in  all  directions ;  but  if  these  movements  Iw  analysed,  it  will  be  seen  that 

y  resolve  themselves  into  movements  about  thiM  primary  axes  at  right  anglea  to  each  othrr. 


or  atiout  axes  which  are  the  postiible  cl , _. ,  

Thus,  about  a  IraiisveiBe  axis,  the  limb  may  move  forwards  (fiflxion)  or  backwards  (ertemioni. 
About  an  antero-poslt-rior  axis  it  may  move  outwards,  i.e.  away  from  the  mesial  plane  of  tlie 
tnink  (abduction),  or  inwanls,  i.r.  iownnls,  and  to  some  extent  up  to,  the  mesial  plane 
(adduction). 

About  a  vertical  axis,  the  humerus  may  rotate  upon  its  axis  in  an  inward  or  outward  direction 
lo  the  extent  of  a  quarter  of  a  circle. 


THE  ELBOW-JOINT. 


2?9 


Since  tb(«e  axes  all  pnsa  through  the  ahonliier-joint,  and  einue  each  may  present  varjing 
degrees  of  obliqnitj,  it  follows  that  very  elaborate  combinations  are  possible  until  the  movement 
of  circnindnction  is  evolved.  In  this  movement  the  head  of  the  humems  acts  as  the  apex  of  a 
coma  of  movsment  with  the  distal  end  of  the  hiimervis,  describing  the  base  of  the  cona 

The  range  of  the  ahoiilder-joint  raovemento  is  still  further  inereaaed  from  the  mobility  of 
the  scapula  as  a  whole,  and  from  its  association  with  the  movements  of  the  clavicle  already 
describe*!. 


THE  ELBOW-JOINT. 

This  articulation  (articulatio  cubiti)  provides  an  instance  of  a  diarthrosis  capable 
of  performing  the  movements  of  flexion  and  extension  about  a  single  axis  placed 
transversely,  i.e.  a  typical  ginglynnta  diarthrosis  or  hinge-joint. 

The  bones  which  enter  into  its  formation  are  the  humerus,  ulna,  and  radius. 
The  trochlea  of  the  humerus  articulates  with  the  greater  sigmoid  cavity  of  the 
ulna  (articulatio  humero-uluaris) ;  the  capitellum  of  the  humerus  articulates  with 
the  shallow  depression  or  cup  on  the  superior  aspect  of  the  head  of  the  radius  (articu- 
latio humero-radialis).    The  articular  cartilage  clothing  the  trochlea  of  the  humerus 
terminates  in  a  sinuous  or  concave  margin  both  anteriorly  and  posteriorly,  so  that 
it  does  not  line  either  the 
coronoid  or  the  olecranon 
fossa.    Internally,  it  merely 
rounds  off  the  inner  margin 
of  the  trochlea,  but  exter- 
nally it  is  continuous  with 
the     encrusting    cartilage 
covering  the  capitellum,  to 
the  margin  of  which  the 
cartil^e    extends    in    all 
directions,  and  thus  it  pre- 
sents  a    convex    edge    in       ai 
relation  to  the  supra-capi-      "" 
tellar  or  radial  fossa.     The 
cartilage  which   lines  the 
greater   sigmoid  cavity  of 

the  ulna  presents  a  trans-      g,  i»i«"' 

verse  interrupt  ion  .consider- 
ably wider  on  its  inner  as        ' 
compared   with   its    outer 
aspect.     Thereby  the  coro- 
noid   and    olecranon   seg-     ori 
ments    of    the    fossa    are      "^ 
separated  from  each  other. 
The  cartilage  which  clothes 
the   coronoid    segment    is 
continuous  with  thatwhich 
clothes  the  lesser  sigmoid 
cavity.     The  shallow  cup- 
shaped  depression  on   the 
headoftbe  radius  is  covered 
by  cartilage  which  rounds 

off  the  margin.and  is  pro-  ^.^^^  221.-antkh,ok  View  o.  elao^-joint. 

1  on  ged  wi  thou  1 1  n  t«rruptj  on 

upon  the  vertical  aspect  of  the  head,  descending  to  its  lowest  level  on  that  part 
opposed  to  the  lesser  sigmmd  cavity. 

Ligaments- — Taken  as  a  whole,  the  ligaments  form  a  complete  capBnle  (capsula 
articularis),  which  is  not  defective  at  any  point,  although  it  is  not  of  equal  thick- 
ness throughout,  and  certain  hands  of  fibres  stand  out  distinctly  because  of  their 
greater  strength. 

The  anterior  ligament  (Fig.  221)  consists  of  a  layer  whose  fibres  run  in  several 
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directiona — obliquely,  transversely,  and  vertically — and  of  these  the  vertical  fibres 
are  of  most  importance.  It  is  attached  above  to  the  upper  margins  of  the  coronoid 
and  Bupracapitellar  fossie  ;  below,  to  the  margins  of  the  coronoid  process  and  to  iW 
orbicular  ligament  of  the  superior  radio-iihiar  joint,  but  some  looisely  arran^e>l 
fibres  reach  as  far  as  the  neck  of  the  radius.  The  lateral  portions  of  this  ligament. 
which  are  situated  in  front  of  the  capitellum  and  the  inner  margin  of  the  trochlea 
respectively,  are  much  thinner  and  weaker  than  the  central  part.  Fibres  of  orijiin 
of  the  brachiiilis  anticus  muscle  are  attached  to  the  front  of  this  ligament. 

The  posterior  ligament  is  an  extremely  thin,  almost  i-edundant  layer. 
Superiorly  it  is  attached,  in  relation  to  the  margin  of  the  oletranon  fossa,  at  % 
varying  distance  from  the  trochlear  articular  surface,  and  inferiorly  to  the  snmmic 
and  sides  of  the  tip  of  the  olecranon  process.  Externally  some  of  its  fibres 
pass  from  the  posterior  aspect  of  the  capitellum  to  the  posterior  border  of  the  lessee 
sigmoid  cavity  of  the  ulna.  This  ligament  derives  material  suyiport  from,  aod 
participates  in  the  movements  of,  the  triceps  extensor  cuhiti  muscle,  since  they  are 
closely  adherent  to  each  other  in  the  region  of  the  olecranon  process. 

The  internal  lateral  ligament  (lig.  collaterale  ulnare,  Figs.  221  and  222)  is  a  fan- 


Flu.  21!2.~Elhow-Juikt  (inntr  uptct). 

shaped  structure  of  unequal  thickness,  but  its  margins,  which  are  its  strongest  bands, 
are  continuous  with  the  adjoining  parts  of  the  anterior  and  posterior  ligaments. 
By  its  upper  entl  it  is  attached  to  the  anterior,  inferior,  and  posterior  aspects  of  the 
internal  condyle  of  the  humerus.  By  its  broad  lower  end  it  is  attached  to  the 
inner  margin  of  the  greater  sigmoid  cavity,  so  that  the  anterior  band  is  asaociateil 
principally  with  the  inner  margin  of  the  coronoid  process,  and  the  posterior  band 
with  the  inner  margin  of  the  olecranon  process,  while  the  intermediate  weaker 
portion  sends  its  fibres  downwards  to  join  a  transverse  band,  sometimes  very  strong. 
which  bridges  the  notch  between  the  adjoining  inner  margins  of  the  coronoid  aud 
olecranon  [irocesses. 

Tlie  external  lateral  lig&ment  (Ug.  collaterale  radiale.  Fig.  2'li)  is  a  strong 
flattened  band  attached  superiorly  to  the  lower  and  posterior  aspects  of  the  external 
condyle  of  the  humerus.  It  completes  the  continuity  of  the  capsule  on  the  outer 
side,  and  blends  inferiorly  with  the  orbicular  ligament,  on  the  surface  of  which  its 
fibres  may  be  traced  both  to  the  anterior  anil  posterior  ends  of  the  lesser  sigmoid 
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notch.  Both  of  the  lateral  ligamentB  are  intimately  associated  with  the  tnuscleB 
which  take  origin  from  the  inner  and  outer  condyles  of  the  humerus. 

Synovial  Fads  of  Fat  (Fig.  223). — Internal  to  the  capsule,  there  are  several  pads 
of  fat  situated  be- 
tween itand  the  sy- 
novial membrane. 
Small  pads  are  bo 
placed  as  to  lie  im- 
mediately in  front 
of  the  coronoid  and 
supra-capitellar 
fossa;,  but  a  larger 
one  projects  to- 
wards the  olecra- 
non fossa. 

Synovial  mem- 
brane (Fig.  223) 
lines  the  entire 
capsule  and  clothes 
the  pads  of  fat 
al)ove  referretl  to, 
as  well  as  those 
portions  of  bone 
enclosed  within  the 
capsule  which  are 
not  covered  by 
articular  cartilage. 
By  its  disposition 
the  elbow  and  the  *'"'-  223.— vbbticil  Siction  tbrouoh  thk  Thochlbab  Pakt  of  the 

dELBOn.jDlM'. 
lO- 

ulnar  joints  possess  a  common  joint  cavity.  It  should  be  specially  noted  that  the 
upper  piirt  of  the  neck  of  the  radius  is  surrounded  by  this  synovial  membrane. 

Morementa  at  the  Elbow-Joint. — The  movements  of  tJie  rAdiiiH  and  iiltia  upon  the  hunieruB 
have  alremly  been  referred  to  as  those  chsracterisinK  a  itniaxial  joint  constnictml  on  the  plan  of 
a   Linge.     In   this  case   the  axis  of  the  joint  is  obliquely  Iraiisverse,  so  that  in  the  extended 

iKisition  the  humerus  and  iihia  form  an  obtuse  angk  o|)en  towards  the  radius,  wheivax  in  the 
Icxed  pwition  the  hand  is  canied  inwards  in  (he  directiuu  of  the  mouth.  Extreme  flexion  is 
eheckea  by  the  soft  parts  in  front  of  the  arm  and  of  the  fore-arm  coming  into  contact,  and 
extreme  extension  by  the  restraining  effeet  of  the  ligaments  and  nniscles.  In  ench  tase  the 
movement  is  checked  liefore  either  coronoid  or  olecraniiu  processes  come  into  contact  with  the 
humerus.  The  anterior  and  poHterior  bands  of  the  internal  lateral  li^ment  arc  important  factors 
in  these  result*  Lateral  movement  of  the  ulna  is  not  a  charactenstic  movement,  althouch  it 
may  occur  to  a  slight  extent,  owing  to  a  want  of  complete  adaptation  between  the  trochlear 
surrace  of  the  liiunenis  and  the  sigmoid  cavity  of  the  ulna.  This  incongruence  is  noteworthy 
since  the  inner  lij)  of  the  trochlea  is  prominent  in  front,  and  the  outer  lip  is  proniiiient  Iwhind. 
rr>neequently,  this  latter  part  is  associated  with  a  surface  on  the  outer  side  of  the  olecranon 
w  hich  is  only  utilised  in  complete  extension. 

The  capitellum  and  the  opposing  surface  upon  the  head  of  the  radius  are  always  in  varying 
di-gre*8  of  contact  The  head  of  the  radius  participates  in  the  movements  of  flexion  and  exten- 
sion, and  is  most  closely  and  completely  in  contact  with  the  humerus  during  the  position  of  semi- 
flf^xion  and  semi -pronation.  In  complete  extension  a  very  coiisideralile  part  of  the  capitellum  is 
\uicovered  by  the  radius, 

THE  RADiaULNAR  JOINTS. 
These  articulations,  which  are  two  in  number,  are  situated  at  the  proximal  and 
distid  ends  of  the  radius  and  ulna.     They  provide  an  adaptation  whereby  the  radius 
rotates  around  a  longitudinal  axis  in  the  movements  of  pronation  and  supination, 
and  hence  this  form  of  uniaxial  diarthrosis  is  termed  lateral  ginglymus. 

Snperior  Radio-ulnar  Joint  (articulutio  radio-ulnaris  proximalis). — In  this 
Joint  the  articular  surfaces  which  enter  into  its  formation  are  the  lesser  sigmoid 
cavity  of  the  ulna  and  the  lateral  aspect  of  the  head  of  the  radius.  In  each  case 
the  articular  cartilage  is  continuous  with  an  articular  surface  entering  jnto  the 
formation  of  the  elbow-joint,  consequently  the  joint  cavity  is  continuous  with  that 
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of  the  elbow-joiDt,  and  therefore,  in  ft  sense,  it  Lies  within  the  covet  of  the  capeule 
of  the  elbow-joint-;  but  its  special  feature  is  the— 

Orbicular  Ugament  (lig.  annulare  radii,  Figs.  221  and  224),  which  has  formerly  been 
mentioned  as  the  inferior  line  of 
ecranoB  p    WM  attachment  of  the  external  lateral 

ligament   and   the  ligaments  on 
the  front  and  back  of  the  elbow- 
joint. 
r»e  It  is  a  strong.well-defined  struc- 

"iwrsi       ture,  attached  by  its  extremities 
'  to    the    anterior    and    posterior 

.igmoi.1  raai^ins  of  the  lesser  sigmoid 
cavity,  and  thus  it  forma  nearly 
four-fifths  of  an  osseo-tendiuous 
circle  or  ring.  This  circle  ia  some- 
what wider  at  the  upper  than  at 
the  lower  margin  of  the  orbicular 
ligament,  which,  by  encircling  the 
!  Radios.  upper   part   of   the   neck  of  the 

radius,  tends  to  prevent  displace- 
ment of  the  head  of  that  bone  in  a  downward  direction.  The  lower  margin  of 
this  ligament  is  not  directly  attached  to  the  radius. 

The  synovial  membrane  ia  continuous  with  that  which  lines  the  elbow-joint.  It 
closes  tlie  joint  cavity  at  the  inferior  unattached  margin  of  the  orbicular  ligament, 
where  it  ia  somewhat  loosely  arranged  in  its  reflexion  from  the  ligament  to  the 
neck  of  the  radius. 

Inferior  Radio-alnar  Joint  (articulatio  radio-ulnaris  distalis).— This  joint  is 
situated  between  the  sigmoid  cavity  on  the  inner  side  of  the  lower  end  of  the 
radiuB  and  the  lateral  aspect  nf  the  head  of  the  ulna.  In  addition,  it  includes  the 
inferior  surface  of  the  head  of  the  ulna,  which  articulates  with  the  aupericr 
surface  of  a  triangular  plate  of  fibro -cartilage,  by  means  of  which  the  joint  is 
excluded  from  the  radio-carpal  articulation 

The  triangular  interarticular  flbro- cartilage  (discus  articularis,  Figs.  225  and  227), 
l>esides  presenting  articular  surfaces  to  two  separate  joints,  is  an  important  ligament 
concerned  in  binding  together  the  lower  ends  of  the  radiua  and  ulna.  It  is  attached 
by  its  apex  to  the  de- 
pression   at   the   outer 

side  of  the  root  of  the                       _  ^^^^ 

styloid  process   of   the                  fWf^         ^  V^^K^X^/^'^'"''' 

ulna,  and  by  its  base  to 
the   sharp   line   of  de-     ^^ 
marcatlou  between  the       om.,, ..„.,„ ■_---,-._,-  ^  ^        „ 

Sigmoid  cavity  and  the  polllci.  8urf.ee  fnnwniilnnnrboni! 

carpal  articular  surface  p,„   22.,, -Carpal  articular  Surface  ^v  thk  Radiu*  a 

of  the  radiua  Thianoular  Fibho.c, 

The  ligamentona  cap- 
sule is  very  imperfect,  and  consists  of  scattered  fibres,  termed  the  anterior  and 
poaterior  radio-ulnar  ligaments  (Fig.  226).  These  ligaments  pass  transversely 
between  adjoining  non-articular  surfaces  on  the  radiua  and  ulna,  and  are  of  sufficient 
length  to  jiermit  of  the  movements  of  the  radius  in  pronation  and  supination. 

The  srnovial  membrane  completes  the  closure  of  the  joint  cavity.  It  forms  a 
loose  bulging  projection  (recessus  sacciformiN),  passing  upwards  between  the  lower 
ends  of  the  shafts  of  the  radiua  and  ulna,  and  it  also  clothes  the  upper  surface  of 
the  triangular  fibro-cartilage  (Fig.  227).  The  cavity  of  this  joint  is  quite  distinct 
from  that  of  the  radio-carpal  articulation,  escept  when  the  triangular  tihro-cartilage 
presenLs  a  perforation. 

Between  the  foregoing  articulations  there  are  two  accessor;  ligaments,  viz.  the 
interosseous  membrane  and  tlie  oblique  ligament,  which  connect  tt^ether  the  shafts 
of  the  radius  and  ulna. 
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The  Interosseous  membraae  (Fig.  222)  of  the  fore-arm  (membrana  interossea  inter- 
brachii)  is  a  strong  fibrous  membrane  which  stretches  across  the  interval  between 
the  radius  and  iihia,  and  is  firmly  attached  to  the  interosseous  border  of  each.  Below 
it  extends  downwards  to  the  lower  limit  of  the  space  between  the  bones,  whilst 
above  it  does  not  reach  higher  than  a  point  about  one  inch  below  the  tuberosity 
of  the  radius.  A  gap,  called  the  hiatus  interossevsy  is  thus  left  above  its  upper 
margin,  and  through  this  the  posterior  interosseous  vessels  pass  backwards  between 
the  bones  to  reach  the  dorsal  aspect  of  the  fore-arm.  This  gap  is  bounded  above 
by  the  oblique  ligament.  The  fibres  which  compose  the  interosseous  membrane 
run  for  the  most  part  downwards  and  inwards  from  the  radius  to  the  ulna,  although 
on  its  dorsal  aspect  several  bands  may  be  observed  stretching  in  an  opposite  direc- 
tion. The  interosseous  membrane  augments  the  surface  available  for  the  origin  of 
the  muscles  of  the  fore-arm ;  it  braces  the  radius  and  ulna  together ;  and  when 
shocks  are  communicated  from  the  hand  to  the  radius,  owing  to  the  direction  of  its 
fibres,  the  interosseous  membrane  transmits  these,  to  some  slight  extent,  to  the  ulna. 

The  obliqne  ligament  (Fig.  222)  is  a  slender  tendinous  band  of  very  varying 
strength  which  springs  from  the  outer  part  of  the  coronoid  process  of  the  ulna,  and 
stretches  obUquely  downwards  and  outwards  to  the  radius  where  it  is  attached 
immediately  below  the  bicipital  tuberosity. 

Movements  of  the  Badins  on  the  Ulna. — The  aus  about  which  the  radius  moves  is  a 
longitudinal  one,  having  one  end  passing  through  the  centre  of  the  head  of  the  radius  and 
tlie  other  through  the  styloid  process  of  the  ulna  and  the  line  of  the  ring-finger.  In  this  axis 
the  head  of  the  radius  is  so  secured  that  it  can  only  rotate  upon  the  lesser  sigmoid  cavity 
f>f  the  ulna  within  the  orhicular  ligament,  and  consequently  the  radial  head  remains  upon  the 
i^iue  plane  as  the  ulna ;  but  the  lower  end  of  the  radius  being  merely  restrained  hy  the 
triangular  fibro-cartilage,  is  able  to  describe  nearly  a  half -circle,  of  whicli  the  apex  of  this 
ligament  is  the  centre.  In  this  movement  the  radius  carries  the  hand  from  a  position  in  which 
the  palm  is  directed  forwartls,  and  in  which  the  radius  and  ulna  lie  parallel  to  each  other 
(supmation),  to  one  in  which  the  palm  is  directed  backwards,  and  the  radius  lies  diagonally  across 
tlie  front  of  the  idna  (pronation). 

The  ulna  is  unable  to  rotate  upon  a  long  axis,  but  while  the  radius  is  travelling  through  the 
arc  of  a  circle  from  without  inwards  in  front  of  the  ulna,  it  will  usually  be  seen  that  the  ulna 
appt-ars  to  move  through  the  arc  of  a  smaller  circle  in  the  reverse  direction,  viz.  from  'wathin 
outwanis.  If  the  humerus  be  prevented  from  moving  at  the  shoulder-joint,  a  very  large  propor- 
tion, if  not  the  entire  amount,  of  this  apparent  movement  of  tlie  ulna  will  disappear.  At  the 
same  time  some  observers  maintain  that  it  really  occurs  at  the  elbow -joint,  associated  with  lateral 
movement  during  slight  degrees  of  flexion  and  extension  at  that  joint. 

THE  RADIO-CARPAL  JOINT. 

This  joint  (articulatio  radiocarpea)  is  a  bi-axial  diarthrosis,  frequently  called  a 
condyloid  joint. 

The  articular  elements  which  enter  into  its  formation  are :  on  its  proximal  side,  the 
inferior  surface  of  the  lowet  end  of  the  radius,  together  with  the  inferior  surface  of 
the  triangular  fibro-cartilage ;  on  its  distal  side,  the  superior  articular  surfaces  of  the 
scaphoid,  semilunar,  and  cuneiform  bones.  The  articular  surface  of  the  radius  is 
concave  both  in  its  antero-posterior  and  transverse  diameters,  in  order  to  adapt 
itself  to  the  opposing  surfaces  of  the  scaphoid  and  semilunar,  which  are  convex  in 
the  two  axes  named.  In  the  ordinary  straight  position  of  the  hand  the  triangular 
fibro-cartilage  is  in  contact  with  the  semilunar  bone,  and  the  upper  articular  surface 
of  the  cuneiform  bone  is  in  contact  with  the  capsule  of  the  joint.  When,  however, 
the  hand  is  bent  towards  the  ulna,  the  cuneiform  bone  is  carried  outwards  as  well 
as  the  semilunar  and  scaphoid,  and  the  triangular  fibro-cartilage  comes  into  contact 
with  the  cuneiform.  The  articular  surface  of  the  radius  is  subdivided  by  an  antero- 
p<.«terior,  slightly  elevated  ridge,  into  an  outer  triangular  facet  which  usually  arti- 
culates with  the  scaphoid,  and  an  inner  quadrilateral  facet  for  articulation  with  a 
]X)rtion  of  the  semilunar  bone. 

In  the  intervals  between  the  scaphoid,  semilunar,  and  cuneiform  bones,  the  con- 
tinuity of  the  articular  surfaces  is  usually  maintained  by  the  presence  of  interosseous 
ligaments  which  are  situated  upon  the  same  level  as  the  articular  cartilage. 

Ligaments. — A  capsular  ligament  completely  surrounds  the  joint.  It  is  some- 
what loosely  arranged,  and  permits  of  subdivision  into  the  following  portions : — 

The  external  lateral  ligament  (Fig.  226)  is  a  well-defined  band  which  is  attached 
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by  one  end  to  the  tip  of  the  styloid  process  of  the  radiua,  aod  by  the  other  to  a 
rough  area  at  the  base  of  the  tubercle  of  the  scaphoid  hone,  i.e.  external  to  its 
radial  articular  surface. 

TI)C  internal  lateral  ligament  (Fig.  226)  ia  also  a  distinct  rounded  stmclurc. 
having  one  end  attached  to  the  tip  of  the  styloid  process  of  the  ulua,  and  the  other  Ut 

the  rough  non-articular 
border  of  the  cuueit'orni 
bone,  some  of  its  fibres 
being  prolonged  to  the 
pisiform  bone. 
uuiar  n  The  anterior  ligament 

(Fig.  226)    is    attached 
'"'*"'»|  superiorly  to  the  anterior 

margin  of  the  lower  end 

of  the  radius,  as  well  as 

Pj,i[o,  oiii  slightly  to  the  baae  of 

the  styloid  process  of  the 

Im    ulna.     Some   transverse 

"^S^u  fibres  may  be  seeo.  but 

ill)!  lun   the  greater  number  pass 

uodforai  obliquely  down  wards  and 

inwards  to  the  i>almar 
oun-articular  surlaces  of 
the  scaphoid,  semilunar, 
and  cuneiform  honeii, 
while  some  of  them  may 
even  be  continued  as  far 
as  the  OS  magnum. 
Those  fibres  from  the 
^     „„„     .  ,  „  nlna  run  obliquely  out- 

FlU.  226..— LKIAHENTS   on    ANTEIIIUK   ASPKCT   Of   R-kUIU-CARCAL.  J  n  '1        J 
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aspect  this  ligament  is 
closely  adherent  to  the  anterior  border  of  the  triangular  fibro-cartilage  of  the 
inferior  radio-iiluar  articulation. 

The  posterior  ligament  extiiuds  from  tlie  posterior  margin  of  the  lower  end 
of  the  radius,  obliquely  downwards  and  inwards,  to  the  dorsal  non-articular 
areas  on  the  proximal  row  of  the  carpal  hones.  The  slip  to  the  latter  assists  in 
forming  the  fibroiLS  sheath  through  whicli  the  tendon  of  the  extensor  carpi  ulnaris 
muscle  travels  to  its  insertion.  The  principal  bundle  of  fibres  is  connected  with 
the  cuneiform  bone. 

The  synovial  membrane  (Fig.  227)  is  simple,  and  is  coniiued  to  the  articulation, 
except  in  those  cases  in  which  the  triangular  fibro-cartilage  is  perforated,  or  in  which 
one  of  the  interosseous  ligaments  between  the  carpal  bones  of  the  first  row  is  absent. 

Hovements  at  the  Badio-carpal  Joint. — Tlie  radio-carpal  joint  affords  an  I'xwik'iil  cxampli: 
of  a  biaiiiil  articulatiou,  in  wliiuh  a  long  transverse  axis  of  movement  is  sitnated  rooiv  or  lew  at 
right  angles  to  a  short  axis  placo<l  in  the  Antero-posterior  direction.  Thi;  nature  of  the  move- 
ments which  are  po^ible  abont  these  two  axfH  is  essentially  the  same  in  both  cases,  viz.  llMCioa 
and  extension.  The  movements  about  the  longer  transverue  axis  are  anterior  or  palmar  flexion, 
extension,  and  its  coiilinnutiou  into  ilorsi- flexion.  About  the  shorter  antero-posterior  axi:'  we  uet 
movements  which  result  from  comhined  action  by  certain  flexor  and  extensor  muscles,  wliereDy 
the  radial  or  uhinr  lioiders  of  the  hand  may  be  approximated  towards  tlie  corresponding  border^ 
of  the  fore-arm.  Ixtterai  movement  may  also  be  )>os9ible  to  a  slight  extent.  The  range  of  move- 
ment in  connexion  with  eitlier  of  the  principal  axes  is  largely  a  matter  of  individual  peculiarity, 
for,  with  the  exception  of  the  lateral  ligaments,  there  is  no  serious  obstacle  to  the  cultivation  of 
greater  mobility  at  the  radio-carpal  joint. 

CARl'AL  JOINTS. 

The  articulations  subsisting  between  the  individual  carpal  bones  (articulatioues 
intercarpeie)  are  all  diarthroses,  and  although  the  total  amount  of  movement 
throughout  the  series  is  considerable,  yet  the  extent  of  movement  which  is  possible 
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between  the  two  rows  or  between  any  two  carpal  bones  is  extremely  limited. 
For  this  reason,  as  well  as  because  of  the  nature  of  the  movement,  these  articula- 
tions are  called  gliding  joints  (arthrodia). 

It  is  €wivisable  to  consider,  ^rs^,  the  articulations  between  individual  bones  of 
the  proximal  row;  seco7id,  the  articulations  between  the  separate  bones  of  the 
distal  row ;  third,  the  articulation  of  the  proximal  and  distal  rows  with  each  other ; 
fourth,  the  pisiform  articulation. 

The  proximal  row  of  carpal  articulations  (Fig.  226)  comprises  the  joints 
l)etween  the  scaphoid,  semilunar,  and  cuneiform  bones.  On  their  adjacent  lateral 
aspects  these  bones  are  partly  articular  and  partly  non-articular. 

Three  sets  of  simple  but  strong,  although  short  ligamentous  bands  bind  these 
three  carpal  bones  together,  and  form  an  investment  for  three  sides  of  their  inter- 
carpal joints.  These  are — (1)  the  anterior  or  palmar  ligaments,  two  in  number,  which 
consist  of  transverse  fibres  passing  between  the  adjacent  rough  palmar  surfaces  of 
the  liones ;  (2)  the  posterior  or  doxsal  ligaments,  also  two  in  number,  and  composed 
of  similar  short  transverse  fibres  passing  between  the  adjacent  dorsal  surfaces: 
(3)  the  interoBseons  ligaments  (Fig.  227)i  again  two  in  number,  and  transverse  in 
direction,  situated  on  a  level  with  the  superior  articular  surfaces,  and  extending  from 
the  palmar  to  the  dorsal  aspect  of  the  bones,  while  attached  to  non-articular  areas  of 
the  opposing  surfaces.  The  radio-carpal  joint  is  entirely  shut  off  from  the  inter- 
carpal joints,  and  also  from  the  joint  between  the  two  rows  of  carpal  bones,  except  in 
rare  cases,  when  an  interosseous  ligament  is  wanting. 

The  distal  row  of  carpal  articulations  (Fig.  226)  includes  the  joints  between 
the  trapezium,  trapezoid,  os  magnum,  and  unciform  bones.  Articular  facets  occur 
on  the  opposing  lateral  faces  of  the  individual  bones. 

Associated  with  this  row  there  are  again  simple  bands  of  considerable  strength, 
and  presenting  an  arrangement  similar  to  that  seen  in  the  proximal  row.  As  in 
the  former  case,  they  invest  the  intercarpal  articulations,  except  on  the  superior 
aspect,  where  they  communicate  with  the  transverse  carpal  joint,  and  on  the  inferior 
aspect,  where  they  communicate  with  the  carpo- metacarpal  joint  cavity. 

The  anterior  or  palmar  ligaments  are  three  in  number.  They  extend  in  a  trans- 
verse direction  between  contiguous  portions  of  the  rough  palmar  surfaces  of  the 
bonea  The  posterior  or  dorsal  ligaments,  also  three  in  number,  are  similarly  dis- 
posed on  the  dorsal  aspect.  The  interosseous  ligaments  (Fig.  227)  are  two  or  three 
in  number.  That  which  joins  os  magnum  to  unciform  is  the  strongest;  that 
between  the  trapezoid  and  os  magnum  is  situated  towards  the  dorsal  parts  of  their 
opposing  surfaces ;  the  third,  situated  between  contiguous  non-articular  surfaces 
of  the  trapezium  and  trapezoid,  is  always  the  feeblest,  and  is  frequently  absent. 

The  transverse  carpal  articulation  (Fig.  227)  is  situated  between  the  proximal 
and  distal  rows  of  the  carj^us.  The  bones  of  the  proximal  row  present  the  following 
characters  on  their  inferior  or  distal  aspect.  The  outer  part  of  the  articular  surface 
is  deeply  concave,  both  in  the  antero-posterior  and  in  the  transverse  directions,  but 
the  inner  part  of  the  same  surface  is  concavo-convex,  more  especially  in  the  trans- 
verse direction. 

Superiorly,  the  articular  surfaces  of  the  distal  row  of  carpal  bones  present  an 
irregular  outline.  That  part  pertaining  to  the  trapezium  and  trapezoid  is  concave 
in  the  antero-posterior  and  transverse  directions,  and  lies  at  a  considerably  lower 
level  than  the  portion  belonging  to  the  os  magnum  and  unciform,  which  is,  more- 
over, markedly  convex  in  the  antero-posterior  and  transverse  directions,  with  the 
exception  of  the  innermost  part  of  the  unciform,  where  it  is  concavo-convex  in 
both  of  these  directions. 

This  articulation  is  invested  by  a  complete  short  capsule  (Fig.  226)  which  binds 
the  two  rows  of  the  carpus  together,  and  sends  prolongations  to  the  investing 
capsules  of  the  proximal  and  distal  articulations.  The  ligament  as  a  whole  is  very 
strong,  and  individual  bands  are  not  readily  defined,  although  certain  special  bands 
may  be  described.  The  palmar  ligaments  radiate  from  the  os  magnum  to  the  scaphoid, 
cuneiform,  and  pisiform.  The  interval  between  the  os  magnum  and  semilunar  is 
occupied  by  oblique  fibres,  some  of  which  pass  from  scaphoid  to  cuneiform,  while 
these  are  joined  by  others,  prolonged  obliquely  downwards  and  inwards,  from  the 
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radial  euA  of  the  anterior  radio-carpat  ligatuent.  By  these  different  bands  the 
pahnar  aspect  of  the  joint  is  completely  closed. 

The  dorsal  ligamente  are  more  feeble  than  the  palmar.  They  form  a  thin,  loosely- 
arranged  stratum,  in  which  the  only  noteworthy  bands  are  one  which  joins  the 
scaphoid  to  os  magnum,  and  another  which  joins  cuneiform  to  unciform. 

The  external  Jateral  ligament  (lig.  collaterale  carpi  radiale.  Fig.  227)  extends 
between  contiguous  rough  areas  on  the  radial  aspects  of  the  scaphoid  and 
trapezium.  By  its  margins  it  is  continuous  both  with  the  palmar  and  dorsal 
ligaments. 

The  internal  lateral  U<ament  (lig.  collaterale  carpi  ulnare.  Fig.  221)  is  arranged 
like  the  former  in  regard  to  its  margins,  and  by  its  ends  it  is  altaohed  to  the  con- 
tiguous rough  ulnar  surfaces  of  the  cuneiform  and  unciform  bones. 

Both  of  these  lateral  hgaments  are  directly  continuous  with  the  corresponding 
lateral  Ugaments  of  the  radio-carpal  joint. 

An  interosseous  ligament  (fig.  227)  ia  occasionally  found  within  the  capsule, 
extending  across  the  joint  cavity  between  the  oa  magnum  and  the  scaphoid. 

The  pisi-caneiform  articulation  is  an  arthroidal  diarthrosia  The  mutual 
articular  surfaces  of  the  two  bones  are  flattened  and  circular,  and  only  permit  of  a 
small  amount  of  gliding  movement. 

The  joint  is  provided  with  a  thin  but  complete  capsule  of  fibrous  tissue,  which 
is  specially  strengthened  inferiorly  by  two  strong  bands,  viz.  piBi-nncifonn  (lig.  piso- 
haniatum)  and  pisi-metacarpal  (lig.  pisometac^rpeum.  Fig.  226).  Both  of  these 
bands  extend  from  the  lower  and  inner  aspect  of  the  pisiform  to  adjoining  parts  of 
the  hook  of  the  unciform  and  base  of  the  fifth  metacarpal  bone  respectively.  To  a 
great  extent  these  ligamentous  bands  may  be  regarded  as  extensions  of  the  in- 
sertion of  the  tendon  of  the  flexor  carpi  ulnaria  muscle  which  is  attached  to  the 
upper  part  of  the  pisiform  bone.  Looked  at  as  ligaments,  however,  they  are 
specially  strong  to  prevent  the  displacement  of  the  pisiform  bone  during  contrac- 
tion of  the  muscle  inserted  into  it. 

The  synoTial  Biembranes  (Fig.  227)  of  the  carpal  joints  are  two  in  number.  Of 
,j,j  these,  one  is  restricted  to 
■noi'  the  pisi- cuneiform  articula- 
iiiwr  tion,  and  is  correspondingly 
^j^^  simple, although  occasionally 
the  joint  cavity  may  com- 
"^  municate  with  that  of  the 
radio-carpal  joint 

The  otiier  synovial  mem- 
brane is  associated  with  the 
transverse  carpal  joint  which 
extends  transversely  be- 
tween the  two  rows  of  carpal 
bones,  with  prolongations 
into  the  vertical  intervals 
between  the  adjoining  bones 
of  each  row,  i.e.  the  inter- 
carpal articulations.  It  is, 
therefore.an  elaborate  cavity, 
which  may  be  still  further 
extended,  by  the  absence  of 
interosseous  ligaments,  so  as 
Flo.  227.-COIIONAL  SMTIO.N  through  the  rodio-inrp*],  carp.1,  carpc     to  reach  the  radio-carpal  and 

nieUcarpal,anaLUlBmirliH;ari>al  joints,  to  show  joiut  cavities  a nJ       CarpO  -  metacarpal    Ecries    of 
int..ro»cou»UgaiaeHts(diag™u,u,«tLc),  j^i^,^       The    fifflt   condition 

ia  rare,  but  the  second  is  not  uncommon,  and  results  from  the  absence  of  the  inter- 
osseous ligament  between  trapezium  and  trapezoid,  or  of  that  between  trapezoid 
and  OS  magnum. 
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INTERMETACARPAL  JOINTS. 

The  four  iiiner  metacarpal  bones  articulate  with  each  other  at  their  proximal 
ends  or  bases,  between  the  opposing  surfaces  of  which  joint  cavities  are  found — 
arthrodial  diarthroses.  These  cavities  are  continuous  with  the  carpo-metacarpal 
joint  (not  yet  described),  and  hence  the  ligamentous  arrangements  only  enclose 
three  aspects  of  eeuch  joint. 

Three  strong  traaisverse  ligaments  (Figs.  226  and  227)  bind  adjacent  palmar, 
dorsal,  and  interosseous  areas  of  the  bases  of  the  metacarpal  bones,  and  hence  they 
are  called  ligamenta  basium  (oss.  metacarp.)  velaria,  dorsalia  at  interossea.  A 
synovial  membrane  is  associated  with  each  of  these  joints,  but  it  may  be  regarded 
as  a  prolongation  from  the  carpo-metacarpal  articulation. 

CARPO-METACARPAL  JOINTS. 

The  articulation  of  the  metacarpal  bone  of  the  thumb  with  the  trapezium 
differs  in  so  many  respects  from  the  articulation  between  the  other  metacarpal 
bones  and  the  carpus,  that  it  must  be  considered  separately. 

(^A)  The  articulatio  carpo-meta.carpea  poUicis  (Figs.  226  and  227)  is  the  joint 
between  the  infero-external  surface  of  the  trapezium  and  the  superior  surface  of 
the  base  of  the  first  metacarpal  bone.  Both  of  these  surfaces  are  saddle-shaped,  and 
they  articulate  by  mutual  co-aptation. 

The  joint-cavity  is  surrounded  by  a  fibrous  capsule,  in  which  we  may  recognise 
palmar,  dorsal,  external,  and  internal  lateral  bands,  the  last  being  the  strongest  and 
most  important. 

Synovial  membrane  lines  the  capsule,  and  the  joint-cavity  is  isolated  and  quite 
separate  from  the  other  carpal  and  carpo-metacarpal  articulations. 

At  this  joint  movementB  occur  about  at  least  three  axe&  Thus,  around  a  more  or  less  trans- 
Terse  axis,  flexion  and  extension  take  place ;  in  an  antero-posterior  axis  abduction  and  adduction 
(raovemente  which  have  reference  to  tue  middle  line  of  the  hand)  are  found  ;  while  a  certain 
amount  of  rotation  is  possible  in  the  longitudinal  axis  of  the  digit.  The  very  characteristic 
movement  of  opposition,  in  which  the  tip  of  the  thumb  may  be  applied  to  the  tips  of  all  the 
fingers,  results  from  a  combination  of  flexion,  adduction,  and  rotation,  and  by  combining  all  the 
movements  possible  at  the  various  axes  a  considerable  degree  of  circumduction  may  be  produced, 
in  spite  of  tne  f&ct  that  this  is  not  a  ball-and-socket  joint. 

(B)  The  articnlationea  carpo-metacarpese  digitorum  are  the  joints  between 
the  bases  of  the  four  inner  metacarpal  bones  and  the  four  bones  of  the  distal  row 
of  the  carpus.  They  are  all  arthrodial  diarthroses,  and  the  opposed  articular 
surfaces  present  alternate  elevations  and  depressions  which  form  a  series  of 
interlocking  joints.  The  joint  cavities  between  the  carpal  bones  of  the  distal 
row,  and  also  the  more  extensive  intermetacarpal  joint  cavities,  open  into  this 
articulation. 

This  series  of  joints  is  invested  by  a  common  capsule  which  is  weakest  on  its 
radial  side,  but  is  otherwise  well  defined.  Its  fibres  arrange  themselves  in  small 
slips,  which  pass  obliquely  in  different  directions,  and  vary  in  number  for  each 
metacarpal  bone.  Thus  the  oblique  palmar  ligaments  (ligamenta  carpo-metacarpea 
volaria.  Fig.  225)  usually  consist  of  one  slip  for  each  metacarpal  bone,  but  there 
may  be  two  slips,  and  the  third  metacarpal  bone  frequently  has  three,  of  which  one 
lies  obliquely  in  front  of  the  tendon  of  the  flexor  carpi  radialis  muscle. 

The  oblique  dorsal  ligaments  (hgamenta  carpo-metacarpea  dorsalia)  are  similar 
short  bands,  of  greater  strength  and  clearer  definition,  by  which  the  index  meta- 
carpal is  bound  to  the  trapezium  and  trapezoid ;  the  middle  metacarpal  to  the  os 
magnum,  and  frequently  to  the  trapezoid ;  the  ring  metacarpal  to  the  os  magnum 
and  unciform,  and  the  metacarpal  of  the  minimus  to  the  unciform. 

InteroBseons  ligamentB,  one  or  sometimes  two  in  number,  occur  within  the  capsule. 
They  are  usually  situated  in  relation  to  one  or  both  of  the  contiguous  margins  of 
the  bases  of  the  third  and  fourth  metacarpal  bones,  from  which  they  extend 
upwards  to  adjacent  margins  of  the  os  magnum  and  unciforiiL  Occasionally  they 
are  sufiBciently  developed  to  divide  the  joint  cavity  into  radial  and  ulnar  sections. 
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The  synovial  membrane  (Fig.  227)  is  usually  single  and  lines  the  capsule,  but, 
as  already  explained,  it  has  prolongations  into  the  iutermetacarpal  aud  inter- 
carpal series  of  joints.  In  connexion  with  the  latter,  the  frequent  absence  of 
the  interosseous  ligament  between  the  trapezium  and  trapezoid  permits  the  fre« 
communication  of  this  joint-cavity  with  that  of  the  transverse  carpal  joiuL 

METACARl'O-PHALANOEAL  JOINTS. 
In  the  ease  of  the  pollex  this  joint  is  constructed  on  the  plan  of  a  ginglymua 
diarthrosis;  the  four  corresponding  joints  of  the  fingers  are  also  diarthrosea  of  a 
slightly  modified  ball-and-socket  variety.     With  the  exception  of  the  metacaqiil 
bone  of  the  pollox,  each  metacarpal  bone  has  a  somewhat 
spherical  head  articulating  with  a  shallow  oval  cup  ii|hid 
the  base  of  the  first  phalanx.     It  is  important  to  note  tlut 
the  articular  surface  upon  the  head  of  each  of  these  meta- 
carpal bones  is  wider  on  the  palmar  aspect  and  narrower 
on  the  dorsal  aspect.     The   articulation  in  the    thuiuii 
presents  features  similar  to  those  of  an  inter-phalanjjeal 
joint. 

Each  joint  possesses  an  articular  capsule  (Fig.  228; 

which   presents  very  difl'erent  degrees  of  strength   in 

Aci  different  aspects  of  the  articulation.     Thus,  on  the  dorsal 

"  aspect,  it  cannot  be  demonstrated  as  an  indepeudeot 

.  structure,  but  the  necessity  lor  dorsal  ligaments  is  to  a 

;  large  extent  obviated   by  the  presence  of  the    strong 

i>  flattened  expansions  of  the  extensor  tendons. 

The  ioteinal  and  sztemal  lateral  ligaments  (Ijgamenta 
■  collateralia,  Fig.  228)  are  strong  cord-like  bands  which 
'  pass  from  the  tubercles  and  adjacent  depressions  on  thr 
didesof  the  heads  of  themetacarpal  bones  to  the  contigiiouo 
lion -articular  areas  on  the  bases  of  the  proximal  phalanges. 
They  are  intimately  connected  on  their  anterior  aspetu 
with  the  palmar  ligaments. 

The  palmar  ligfunents  consist  of  thick  plates  of  fibro- 

f  cartilage  loosely  connected  to  the  metacarpal  bones,  but 

\  firmly  adherent  to   the   phalanges.      They   are    placed 

I  between  the  lateral  ligaments,  to  both  of  which  tht-y  are 

i  in  each  case  connected.     Each  plate  is  grooved  on  thi' 

palmar  surface  for  the  long  flexor  tendons,  whilst  on  iis 

reverse  or  joint  surface  it  supports  and  glides  upon  iht 

^  head  of  the  metacarpal  bone  during  flexion  and  extension 

of  the  joint.     In  the  case  of  the  thumb  this  ]date  nf 

-  fibre- cartilage  usually  develops  to  sesamoid  bones,  and 

■■  in  the  case  of  the  index  finger  one  such  sesamoid  nodule 

is  frequently  found  at  the  radial  side  of  the  plate. 

An  important  accessory  ligament  is  found  in  connexion  with  the  four  inner 

metacarpo- phalangeal  articulations,  viz  : — 

The  Transverse  Metacarpal  Ligament. — This  structure  binds  together  the  di.-'tal 
extremities  of  the  four  inner  metacarpal  bones.  The  name  is  applied  to  three  set^ 
of  transverse  fibres  of  great  strength  which  are  situated  in  front  of  the  three  inner 
interosseous  simces.  These  fibres  are  continuous  with  the  palmar  metacarp-'- 
phalangeal  ligaments  ;tt  their  lateral  margins. 

A  synovial  membrane  lines  the  investing  capsule  of  each  joint. 

INTEHPHALANGEAL  JOINTS. 

Of  them'  joints  there  are  two  for  each  finger  and  one  for  the  thumb.  They  all 
correspnnd,  in  being  ginglymus  diarthroses  in  which  the  trochlear  character  of  tlit-ir 
articular  surfaces  is  associated  with  one  axis  of  movement  directed  transverstfly. 

In  Lht^ir  geutral  arrangement  they  correspond  with  each  other,  and  to  a  larf.'c 
extent  with  the  metacarpo-phalangeiil  series  already  descriljed.     E^h  is  provido'l 
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with  a  definite  capsule  (Fig.  228),  of  which  the  palmar  and  cord-like  lateral  portions 
are  well  marked,  while  on  the  dorsal  aspect  the  extensor  tendons  act  as  the  chief 
support.  The  palmar  ligaments  are  fibrous  plates  of  considerable  thickness,  and 
are  attached  to  the  two  lateml  ligaments  and  to  the  intervening  rough  surface  on 
the  distal  phalanges,  while  their  proximal  margins  are  not  attached  to  bone.  Each 
ligament  has  its  lateral  margins  prolonged  proximally  to  the  adjacent  sharply- 
defined  lateral  ridges  on  the  phalangeal  shafts. 

The  lateral  ligaments  (Fig.  228)  are  strong^ rounded,  short  bands,  continuous  with 
the  preceding,  and  attached  to  adjacent  non-articular  lateral  aspects  of  the  phalanges. 

Each  joint  possesses  a  synovial  membrane  which  lines  its  capsule,  but  its 
arrangement  presents  no  special  peculiarity. 

MOVKMENTS   OP  THE   CaRPAL,   INTERMETACARPAL,   MeTACARPO-PHALANGBAL 

AND  Interphalangbal  Joints. 

The  amount  of  movement  which  is  possible  at  individual  joints  of  the  intercarpal,  inter- 
metacarpal, and  carpo*metacarpal  series  is  extremely  limited,  both  on  account  of  the  interlocking 
nature  of  the  articular  surfaces  and  the  restraining  character  of  the  ligamentous  bands.  Taken 
Hfi  a  whole,  however,  the  movements  of  the  carpus  and  metacarpus  enable  the  hand  to  perform 
many  varied  and  important  functions.  This  is  largely  due  to  the  greater  mobility  of  those  joints 
on  the  radial  and  ulnar  borders  of  the  hand,  as  well  as  to  the  general  elasticity  of  the  arches 
formed  by  the  caipus  and  metacarpus.  These  conditions  particularly  favour  the  movements  of 
opposition  and  prehension.  In  the  opposite  direction,  i.e.  when  pressure  is  applied  from  the 
palmar  aspect,  tlie  metacarpal  and  carpal  arches  tend  to  become  flattened,  but  great  elasticity  is 
imparted  oy  the  tension  of  the  various  ligameiits. 

The  four  inner  metacarpo-phalangeal  joints  are  ball-and-socket  joints,  and  movements  of 
palmar-flexion  and  extension  are  freely  performed  about  a  transverse  axis.  In  exceptional  cases 
a  certain  amount  of  dorsi-flexion  is  possible.  About  an  antero-posterior  axis  movements  occur 
which  are  usually  referred  to  the  middle  line  of  the  hand,  and  hence  called  abdaction  and 
adduction,  but  in  consequence  of  the  difference  in  the  width  of  the  articular  surface  on  the  dorsal 
and  palmar  aspects  of  the  heads  of  the  four  inner  metacarpal  bones  it  is  only  possible  to  obtain 
abduction  when  the  joints  are  extended,  while  in  the  flexed  position  the  joints  become  locked  and 
abduction  is  impossible. 

The  movements  of  the  index  finder  are  less  hampered  than  in  the  case  of  the  others,  but 
♦-ach  of  them  cAn  perform  a  modified  kind  of  circumduction. 

Tlie  metacarpo-phalangeal  joint  of  the  thumb  and  all  the  interphalaugeal  joints  are  uniaxial 
or  hinge-joints  acting  about  a  transverse  axis,  which  permits  of  palmar-flexion  and  extension 
being  freely  performed,  but  dorsi-flexion  is,  as  a  rule,  entirely  prevented  by  the  palmar  and  lateral 
ligaments. 

ARTICULATIONS  AND   LIGAMENTS  OF  THE  PELVIS. 

Although  we  may  consider  the  pelvis  as  a  separate  part  of  the  skeleton,  yet  it 
is  essential  to  remember  that  the  bones  which  enter  into  its  composition  belong  to 
the  spinal  column  (sacrum,  coccyx)  and  the  lower  limb  (innominate  bone).  Accord- 
ingly, the  articulations,  with  their  corresponding  ligaments,  may  be  arranged  as 
follows : — 

(a)  Those  by  which  the  segments  of  the  coccyx  are  joined  together  (already 

described,  v.  p.  264) ; 
(6)  That  by  which  the  sacrum   articulates  with   the  coccyx   (already  de- 
scribed, V,  p.  264) ; 
(c)  Those  by  which  the  sacrum  articulates  with  the  last  lumbar  vertebra 

(Lumbo-sacral  joints) ; 
(rf)  Those    by  which   the   innominate   bones   are   attached    to   the   spinal 

column  (Sacro-iliac  joints) ; 
(«)  That  by  which  the  innominate  bones  are  attached  to  each  other  (Sym- 
physis pubis). 

LUMBO-SACRAL  JOINTS. 

The    articulation  of  sacrum  with   the   fifth   lumbar   vertebra  is  constructed 

precisely  on  the  principle  of  the  articulations  between  two  typical  vertebrae,  and 

the  usual  ligaments  associated  with  such  joints  are  repeated.     There  is,  however,  an 

additional  accessory  ligament,  termed  the  lateral  lumbo-sacral  ligament  (Fig.  229). 
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This  extends  from  the  front  of  the  inferior  border  of  the  transverBe  proceBs  of  the 
last  lumbar  vertebra,  downwards  and  slightly  outwards,  to  the  front  of  the  lateral 
aspect  of  the  ala  of  the  aacrum,  close  to  the  sacro-iliac  joint.  Further,  a  variable 
membranous  band  extends  between  the  lateral  aspect  of  the  lower  part  of  the  body 
of  the  last  lumbar  vertebra  and  the  front  of  the  ala  of  the  sacrum.  This  band  lies 
in  front  of  the  anterior  primary  division  of  the  fifth  lumbar  nerve. 

SACRO-ILIAC  JOINT. 

Each  innominate  bone  articulates  with  the  sacral  section  of  the  spinal  column 
on  each  side  through  the  intervention  of  a  diarthrosis,  termed  the  sacro-iliAc  joint 
(articulatio  aacro-iliaca). 

This  joint  is  formed  between  the  contiguous  auricular  surfaces  of  the  sacrum 
and  iHum.  Each  of  these  surfaces  is  more  or  less  completely  clothed  by  hyaline 
articular  cartilage.  The  joint  cavity,  which  is  httle  more  than  a  capillary  inter^-al, 
may  be  crossed  by  fibrous  banda 

The  joint  cavity  is  surrounded  by  ligaments  of  varying  thickness  and  strength. 
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which  constitute  its  c&psnle.  Thus  the  anterior  part  of  the  investing  capsule  is 
thin,  and  consists  of  short  but  strong  fibres  which  pass  between  adjoining  surfaces 
on  the  ala  of  the  sacrum  and  the  iliac  fossa  of  the  innominate  bone ;  they  form  the 
antoiioT  Bacro-iliac  ligament  (lig.  aacro-Uiacum  anterius,  Fig,  229).  On  the  posterior 
aspect  there  are  two  ligaments.  The  short  posterior  sacro-iliac  ligament  (lig.  sacro- 
iliacum  posterius  breve,  Fig.  230)  consists  of  numerous  strong  fasciculi,  which  pass 
from  the  rough  area  on  the  inner  aspect  of  the  ilium,  above  and  behind  its 
auricular  surface,  downwards  and  inwards  to  the  transverse  tubercles  and  the 
depressions  behind  the  first  and  second  segments  of  the  sacrum.  Tliis  ligament 
is  of  great  strength,  and  with  its  fellow  it  is  responsible  for  suspending  the 
aacrum  and  the  weight  of  the  superimposed  trunk  from  the  innominate  liones. 

The   Ion*  or  obli<ine  posterior  aacro-iliac  ligament   (lig.   sacro-iliacum  posterius 
longum.  Fig  230)  is  a  superficial  thickened  portion    of  the   preceding  ligament. 
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It  cooaists  of  a  defioite  band  of  fibres  passing  from  the  posbero-superior  iliac  spine 
ti»  the  transverse  tubercles  of  the  third  and  fourth  segmenta  of  the  aacrum. 

The  synovial  cavity  of  this  joint  is  very  imperfect  and  rudimentary. 

Several  accessory  ligaments  are  associated  with  the  articulation  of  the  in- 
nominate bone  to  the  sacral  section  of  the  spinal  column. 

The  Uio-lombar  ligament  (lig.  iiio-lumbale,  Fig.  229).  which  is   merely   the 
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thickened  anterior  lamina  of  the  fascia  lumborum,  extends  from  the  tip  of  the 
transverse  process  of  the  last  lumbar  vertebra,  almost  horizontally  outwards,  to  the 
inner  lip  of  the  iliac  crest  at  a  point  a  short  distance  behind  its  highest  level. 
A  proportion  of  these  iibres  is  attached  to  the  inner  lough  surface  of  the  ilium 
between  the  ihac  crest  and  the  auricular  impression.  To  these  the  name  of-  the 
lis.  illo-lnmbale  inferins  is  applied. 

The  great  or  posterior  sacro-sciatic  ligament  (lig.  Bacro-tuberoaum,  Fig., 230) 
is  somewhat  triangular  in  outline.  It  occupies  the  interval  between  the  sacrum 
and  the  innominate  bone,  and  is  attached  mcsially  to  the  posterior  inferior  spine 
of  the  ilium ;  to  the  posterior  aspect  of  the  transverse  tul)ercle8  and  lateral 
margins  of  the  third,  fourth,  and  fifth  segments  of  the  sacrum,  as  well  as  to  the 
aide  of  the  first  segment  of  the  coccyx.  It  passes  downwards  and  outwards, 
becoming  narrower  as  it  approaches  the  ischium,  near  to  which,  however,  it  again 
expands,  to  be  attached  to  the  inner  side  of  the  ischial  tuberosity,  immediately 
V)elow  the  groove  for  the  tendon  of  the  obturator  inteinus  muscle,  i.e.  the  lesser 
sciatic  notch.     A  continuation  of  the  inner  border  of  the  ligament — t" 
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falciformiB  (Fig.  230) — runs  upwards  and  forwards  on  the  inner  aspect  of  the 
ramus  of  the  ischium. 

The  great  sacro-sciatic  ligament  is  believed  by  many  to  represent  the  original 
or  proximal  end  of  the  long  or  ischial  head  of  the  biceps  flexor  cruris  muscle. 

The  small  or  anterior  sacro-sciatic  ligament  (lig.  sacro-spinosum.  Figs.  229  and 
230)  is  situated  in  front,  and  in  a  measure  under  cover  of  the  great  sacro-sciatic 
ligament.  Triangular  in  form,  it  is  attached  by  its  base  to  the  last  two  segments  of 
the  sacrum  and  the  first  segment  of  the  coccyx,  and  by  its  pointed  apex  to  the  tip 
and  upper  aspect  of  the  ischial  spine.  This  ligament  is  intimately  associated 
with  the  coccygeus  muscl6,  and  by  some  it  is  regarded  as  being  derived  from  it  by 
fibrous  transformation  of  the  muscle  fasciculi. 

By  the  great  and  small  sacro-sciatic  ligaments  the  two  sciatic  notches  of  the 
innominate  bone  are  converted  into  foramina.  Thus  the  small  sacro-sciatic  liga- 
ment completes  the  boundaries  of  the  great  sciatic  foramen  (foramen  ischiadicum 
majus) ;  while  the  great  sacro-sciatic  ligament,  assisted  by  the  small  sacro-sciatic 
ligament,  closes  the  small  scia^tic  foramen  (foramen  ischiadicum  minus). 

SYMPHYSIS  PUBIS. 

The  anterior  wall  of  the  osseous  pelvis  is  completed  by  the  articulation  of  the 
bodies  of  the  two  pubic  bones  constituting  the  symphysis  pubis.  This  joint  con- 
forms in  its  construction  to  the  general  plan  of  an  amphiarthrosis.  Thus  it  is 
mesial  in  position ;  each  pubic  bone  is  covered  by  a  layer  of  hyaline  cartilage, 
which  closely  adapts  itself  to  the  rough  tuberculated  surface  of  the  pubic  bone ; 
while  between  these  two  hyaUne  plates  there  is  an  interposed  tibro-cartilage 
(lamina  fibro-cartilaginea  interpubica),  in  the  interior  of  which  there  is  usually 
a  vertical  antero-posterior  cleft.  This  cavity,  which  is  placed  nearer  the  posterior 
than  the  anterior  aspect  of  the  joint,  does  not  appear  until  between  the  seventh 
and  tenth  years,  and  as  it  is  not  lined  by  a  synovial  membrane,  it  is  supposed  to 
result  from  the  breaking  down  of  the  interpubic  lamina. 

The  anterior  pubic  ligament  (lig.  pubicum  anterius.  Fig.  229)  is  a  structure  of 
considerable  thickness  and  strength.  Its  superficial  fibres,  which  are  derived  very 
largely  from  the  tendons  and  aponeuroses  of  adjoining  muscles,  are  oblique,  and 
form  an  interlaced  decussation.  The  deeper  fibres  are  short,  and  extend  trans- 
versely from  one  pubic  bone  to  the  other. 

The  posterior  pubic  ligament  (lig.  pubicum  posterius,  Fig.  230)  is  very  weak, 
and  consists  of  scattered  fibres  which  extend  transversely  Ijetween  contiguous 
pubic  surfaces  posterior  to  the  articulation. 

The  superior  pubic  ligament  (lig.  pubicum  superius,  Fig.  229)  is  likewise  weak, 
and  consists  of  transverse  fibres  passing  between  the  two  pubic  crests. 

The  inferior  or  subpubic  ligament  (lig.  pubicum  inferius  vel  lig.  arcuatum  pubis, 
Fig.  230)  occupies  the  arch  of  the  pubis,  and  is  of  considerable  strength.  It  gives 
roundness  to  the  pubic  arch  and  forms  part  of  the  pelvic  outlet.  It  has  con- 
siderable vertical  thickness  immediately  below  the  interpubic  disc  to  which  it  is 
attached.  Laterally  it  is  attached  to  adjacent  sides  of  the  descending  rami  of  the 
pubis.  Its  lower  border  is  free,  and  separated  from  the  triangular  Ugament  of 
the  perineum  by  a  transverse  oval  interval  through  which  the  dorsal  vein  of  the 
penis  passes  backwards  to  the  interior  of  the  pelvis. 

The  Triangular  Ligament  of  the  Perineum. 

The  triangular  ligament  of  the  perineum  is  a  membranous  structure  which 
occupies  the  pubic  arch  ))elow  and  distinct  from  the  subpubic  ligament.  It  assists 
in  completing  the  pelvic  walls  anteriorly  in  the  same  manner  that  the  obturator 
membrane  does  laterally.  Indeed,  these  two  structures  occupy  the  same  mor- 
phological plane.  The  triangular  ligament  presents  two  surfaces — one  superficial 
or  perineal ;  the  other  deep,  or  pelvic,  and  both  of  these  surfaces  are  associated 
with  muscles.  Its  lateral  borders  are  attached  to  the  sides  of  the  pubic  arch, 
while  its  base  is  somewhat  ill-defined,  by  reason  of  its  fusion  with  the  fascia  of 
CoUes  in  the  urethral  region  of  the  perineum. 
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The  apex  of  the  triangular  ligament  is  truncated,  free,  and  well  defined,  constitut- 
ing the  tranaverBe  perinesd  ligament,  above  which  there  is  the  interval  for  the  dorsal 
vein  of  the  penis.  It  is  pierced  by  a  number  of  vessels  and  nerves,  but  the 
priucipal  opening  is  situated  mesiallj  one  inch  below  the  pubic  arch,  and  transmits 
the  urethra. 

Tub  Obturator  Mbmbrank. 

The  obturator  membrane  (membrana  obturatoria,  Fig.  232)  occupies  the 
obturator  or  thyroid  foramen.  It  is  attached  to  the  pelvic  aspect  of  the 
circumference  of  this  foramen.  It  consists  of  fibres  irregularly  arranged  and  of 
varying  strength,  so  that  sometimes  it  almost  appears  fenestrated.  At  the  highest 
part  of  the  foramen  it  is  incomplete  and  foims  a  U-shaped  border,  between  which 
and  the  bony  circumference  of  the  foramen,  the  obturator  canal  (canalis  obtura- 
torius)  is  formed.  In  this  position  the  membrane  is  continuous  with  the  parietal 
pelvic  fascia  which  clothes  the  inner  side  of  the  obturator  internus  muscle,  above 
the  upper  free  margin  of  the  muscle.  From  the  outer  or  crural  aspect  of  the 
membrane  some  of  its  fibres  are  prolonged  to  the  antero-inferior  aspect  of  the 
capsule  of  the  hip-joint. 

Mechanism  and  Movements  of  the  Pelvis. — The  human  pelvis  presents  a  mechanism  the 
principal  requirement  of  which  is  stabiHty  and  not  movement,  for,  through  the  pelvis,  the  weight 
of  the  trunk,  superimposed  upon  the  sacrum,  is  transmitted  to  the  lower  limbs.  Moreover,  its 
stability  is  largely  concerned  in  the  maintenance  of  the  erect  attitude.  The  movements  of  its 
various  parts  are  therefore  merely  such  as  are  consistent  with  stability,  without  producing  absolute 
rigidity. 

The  two  innominate  bones,  being  bound  together  by  powerful  ligaments  at  the  pubic  articula- 
tion, constitute  an  inverted  arch,  of  which  the  convexity  is  directed  downwaitls  and  forwards, 
while  its  piers  are  turned  upwards  and  backwards,  and  considerably  expanded  in  relation  to  the 
hinder  parts  of  the  iliac  bonea  Between  the  piers  of  this  invertea  arch  the  sacrum  is  situated. 
This  bone  is  in  no  sense  a  key -atone  to  an  arch,  because,  as  may  readily  be  seen  in  antero-posterior 
transverse  section,  the  sacrum  is  wider  in  front  than  behind,  and  the  superposed  weight  naturally 
tends  to  make  the  sacrum  fall  towards  the  pelvic  cavity,  and  so  fit  less  closely  between  the 
innominate  bones.  The  sacrum  is  in  reality  an  oblique  platform,  in  contact  with  each  innominate' 
bone  through  its  articular  auricular  surfaces,  and  in  this  position  it  is  suspended  by  the  posterior 
sacro-iliac  ligaments,  and  kept  securely  in  place  by  the  "grip"  due  to  the  irregularity  of  the 
(ipposed  surfaces  of  the  two  sacro-iliac  articulations.  Since  the  weight  of  the  trunk  is  trans- 
mitted to  the  anterior  and  upper  end  of  this  sacral  platform,  there  is  a  natural  tendency  for  the 
sacrum  to  revolve  upon  the  transverse  axis  which  passes  through  its  sacro-iliac  joints.  If  this 
were  permitted,  the  promontory  of  the  sacrum  would  rotate  do^^Tiwards  and  forwards  towards 
the  pelvic  cavity,  as  really  does  occur  in  certain  deformities.  This  revolution  or  tilting  down- 
wards of  the  forepart  of  the  sacrum  is  prevented  by  the  action  of  the  great  and  small  sacro- 
sciatic  ligaments,  extending  from  the  ischial  tuberosity  to  the  hinder  and  lower  end  of  the 
suspended  platform  of  the  sacrum.  Not  only  so,  but  these  hgaments,  acting  on  a  rigid  sacrum, 
tend  to  hola  up  the  weight  upon  the  sacral  promontory. 

The  various  ligaments  passing  between  the  last  lumbar  vertebra  and  the  sacrum  and  ilium 
retain  the  weight  of  the  trunk  in  position  upon  the  anterior  end  of  the  sacrum,  and  resist  its 
tendency  to  slip  forwards  and  downwards  towards  the  pelvic  cavity.  The  entire  weight  of  the 
trunk  and  pelvis  is  transmitted  to  the  heads  of  the  thigh  bones  in  the  most  advantageous 
position,  both  for  eflfectiveness  and  the  strengthening  of  the  inverted  innominate  arch,  for  it  will 
be  evident  that  the  heads  of  the  femora  thrust  inwards  upon  the  convex  side  of  the  arch,  very 
much  at  the  place  where  the  arches  are  weakest,  viz.  at  the  springing  of  the  arch  from  its  piers. 
The  forces  which  tend  to  cause  movement  of  the  pelvic  bones  during  parturition  act  from  within 
the  pelvis,  and  have  for  their  object  the  increase  of  the  varioiLs  pelvic  diameters,  in  order  that 
the  foetal  liead  may  more  readily  be  transmitted.  For  this  purpose  the  wedge-like  dorsal  surface 
of  the  sacrum  is  driven  backwards,  and  a  certain  amount  of  extra  space  mav  thereby  be  obtained. 
An  important  factor,  however,  in  the  increase  of  the  pelvic  capacity  at  this  period  is  found  in 
the  relaxation  of  its  various  ligaments. 


THE  ARTICULATIONS   OF  THE  LOWER  EXTREMITY. 

THE   HIP-JOINT. 

The  human  body  provides  no  more  perfect  example  of  an  enarthrodial  diarthrosis 
than  the  hip-joint  (articulatio  coxae).  Combined  with  all  that  variety  of  movement 
which  characterises  a  multi-axial  joint,  it  nevertheless  presents  great  stability,  which 
has  been  obtained  by  simple  arrangements,  for  restricting  the  range  of  its  natural 
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movemeuts.  Thie  stability  ia  of  paramount  importance  for  the  maintenaDce  of  the 
erect  attitude,  and  the  mechanicat  adaptations  whereby  this  result  is  obtained  are 
such  that  the  erect  attitude  may  be  preserved  without  any  great  degree  of  sustaiDed 
muscular  effort. 

Articular  Surfaces. — llie  head  of  the  femur  ia  globular  in  shape,  and  consider- 
ably exceeds  a  hemisphere.     It  is  clothed  by  hyaliBC  articular  cartilage  on  those 
Ischial  iipiiii'  parts  which  come  into  direct 

contact  with  the  acetabulum. 
There  is  frequently  more  ur 
lees  of  extension  of  the 
articular  cartilage  from  the 
head  to  theadjoining  anterior 
part  of  the  neck,  an  extension 
which  is  accounted  for  by  the 
close  and  constant  apposition 
of  this  portion  of  the  neck 
with  the  hinder  aspect  of 
the  ilio  -  femoral  ligament. 
The  limit  of  the  articular 
cartilage  covering  the  bead 
is  indicated  by  a  sinuous 
border.  Further,  there  is  an 
absence  of  articular  cartilage 
from  the  pit  or  depression 
on  the  head  of  the  femur. 

The  acetabulum  is  a  deep 
cup-shaped  cavity  which  pre- 
sents an  interruption  or  noteh 
on  its  an tero- inferior  margin. 
The  interior  of  the  cup  is 
lined  by  a  ribbon-like  baud 
of  articular  cartilage  which 
extends  to  the  brim  of  the 
Fi,;.  23i.-Di««ECTiuN  op  thk  h,p.j«.nt,  cavity,  but  doss  not cover  the 

•"  floor  of  the  cup.  This  ar- 
ticular ribbon-shaped  band 
is  widest  on  its  supero-posterior  aspect,  and  narrowest  at  the  anterior  margin  of 
the  notch. 

The  tiajuTflrse  ligament  (lig.  transversum  acetabuli,  Fig.  231)  bridges  the  ace- 
tabular notch,  and  consists  of  strong  transverse  fibres  which  are  attached  to  both 
of  its  margins,  but  more  extensively  to  the  postero-inferior.  This  bgament  doe.-* 
not  entirely  fill  the  notch,  but  leaves  an  open  interval  between  its  lower  border  ajid 
the  bottom  of  the  notch  through  which  vessels  and  nerves  enter  the  cup.  The 
acetabular  aspect  of  this  ligament  constitutes  an  articular  surface. 

The  acetabulum  is  deepened  by  the  cotyloid  ligament  (labrum  glenoidale.  Figs. 
231  and  232),  which  consistB  of  a  strong  ring  of  tihro-cartilaginoua  tissue  attached 
to  the  entire  rim  of  the  cup.  The  attached  surface  of  the  ring  is  broader  than  its 
free  edge,  and,  moreover,  the  latter  is  somewhat  contracted,  no  that  the  ligament 
grasps  the  head  of  the  femur  which  it  encirclee.  Its  lihres  are  partly  oblique  and 
partly  circular  in  their  direction.  By  the  former  it  is  firmly  implanted  on  the  rim 
of  the  acetabulum  and  the  transverse  ligament  of  the  notch ;  by  the  latter  the 
depth  of  the  cup  is  increased  through  the  elevation  of  its  edge,  and  its  mouth 
slightly  naiTowed.     By  one  surface  this  ligament  is  also  articular. 

A  capsule  (capsula  articularis.  Figs.  230  and  232)  completely  invests  the  joint 
cavity.  This  is  a  fibrous  membrane  of  great  strength,  although  it  is  not  of  equal 
thickness  throughout,  being  considerably  thicker  on  the  supero-anterior  aspect  than 
at  any  other  part.  Unlike  the  corresponding  structure  of  the  shoulder- joint,  it  does 
not  permit  of  the  withdrawal  of  the  head  of  the  femur  from  contact  with  the  aceta- 
bular articular  surfaces,  except  to  a  very  limited  extent.     Its  fibres  Hre  arranged 
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both  in  the  circular  and  in  the  longitadinal  direction,  the  former,  known  as  the 
zona  orbicularis,  being  best  marked  posteriorly,  while  the  longitudinal  fibres  stand 
out  more  distinctly  m  front,  where  they  constitute  special  ligaments.  Looked  at 
as  a  whole,  the  capsule  has  the  following  attachments:  superiorly  it  surrounds 
the  acetabulum,  on  the  upper  and  hinder  aspects  of  which  it  is  attached  directly 
to  the  innominate  bone,  while  on  the  front  and  lower  aspects  it  is  attached  to  the 
non- articular  surfaces  of  the  cotyloid  and  transverse  ligaments;  inferiorly  it 
encircles  the  neck  of  the  femur,  where  it  is  attached  in  front  to  the  anterior  inter- 
trochanteric line ;  above,  to  the  inner  aspect  of  the  root  of  the  great  trochanter ; 
below,  to  the  lower  part  of  the  neck  of  the  femur,  in  close  proximity  to  the  small 
trochanter ;  behind,  to  the  line  of  junction  of  the  outer  and  middle  thirds  of  the 
neck  of  the  femur.  It  is  a  matter  of  some  importance  to  note  that  only  part 
of  the  posterior  surface  of  the  neck  of  the  femur  is  enclosed  within  the  capsule. 
The  femoral  attachments  of  the  capsule  vary  considerably  in  their  strength,  being 
particularly  firm  above  and  in  front,  but  much  weaker  below  and  behind,  where 
the  orbicular  fibres  are  well  seen.  Many  fibres  of  the  capsule  are  reflected  from 
its  deep  aspect  upwards  upon  the  neck  of  the  femur,  where  they  form  ridges,  and 
to  these  the  term  rectixiacula  (Fig.  231)  is  applied. 

The  longitudinal  fibres  of  the  capsule  are  arranged  so  as  to  form  certain  definite 
bands,  viz : — 

(1)  The  ilio-femoral  ligament  (lig.  ilio-femorale,  Fig.  232)  consists  of  a  triangular 
set  of  fibres  attached  above,  by  their  apex,  to  the  lower  part  of  the  anterior  inferior 
iliac  spine  and  the  immediately  adjoining  part  of  the  rim  of  the  acetabulum,  and 
below,  by  their  base,  to  the  anterior  intertrochanteric  line  of  the  femur.  This 
ligament  is  the  thickest  part  of  the  capsule,  but  its  sides  are  more  pronounced  than 
its  centre,  especially  towards  its  base.  Consequently  the  ilio-femoral  band  presents 
some  resemblance  to  an  inverted  Y  (A),  and  therefore  it  is  very  generally  known 
as  the  Y-shaped  Ugament  of  Bigelow. 

The  outer  or  upper  limb  of  the  ilio-femoral  ligament  may  be  somewhat  extended  by  the 
inclusion  of  additional  longitudinal  fibres,  and  described  as  the  ilio-trochanteric  ligament  (lig. 
ilio-trochantericum).  This  band  arises  from  the  anterior  part  of  the  dorsum  of  the  acetabulum, 
and  extends  to  the  femoral  neck,  close  to  the  anterior  end  of  the  inner  surface  of  the  great 
trochanter. 

(2)  The  pubo-femoral  or  pabo-capsular  ligament  (lig.  pubo-femorale  v.  pubo- 
capsulare.  Fig.  232)  is  composed  of  some  bands  of  fibres  of  no  great  strength, 
which  extend  from  the  outer  end  of  the  horizontal  ramus  of  the  pubis,  the  ilio- 
pectineal  eminence,  the  obturator  crest  and  the  obturator  membrane,  to  lose  them- 
selves for  the  most  part  in  the  capsule,  although  a  certain  proportion  of  them  may 
be  traced  to  the  inferior  aspect  of  the  femoral  neck,  where  they  adjoin  the  lower 
attachment  of  the  Y-shaped  ligament. 

(3)  The  ischio-capsular  ligament  (lig.  ischio-capsulare.  Fig.  230)  consists  of  a  broad 
band  of  short,  fairly  strong  longitudinal  fibres,  which,  by  their  upper  ends,  are 
attached  to  the  ischium  between  the  small  sciatic  notch  and  the  obturator  foramen, 
while  their  lower  ends  become  merged  in  the  zona  orbicularis  of  the  general  capsule. 

Within  the  capsule,  and  quite  distinct  from  it,  there  are  the  hgamentum  teres 
and  the  Haversian  gland. 

The  interarticalar  ligament  (lig.  teres  femoris,  Fig.  231)  is  a  strong,  somewhat 
flatt^ied  band  of  fibrous  tissue,  attached  by  one  end  to  the  upper  half  of  the  pit 
or  depression  on  the  head  of  the  femur.  By  its  inner  end  it  is  attached  to  the 
lower  edge  of  the  articular  surface  of  the  transverse  ligament,  with  extensions  to 
the  opposite  borders  of  the  acetabular  notch,  but  chiefly  to  the  hinder  or  ischial 
border.  This  ligament  varies  very  greatly  in  its  strength  and  development  in 
different  subjects,  and  in  certain  rare  cases  it  is  absent. 

The  so-called  Haversian  gland  occupies  the  bottom  or  non-articular  area  of  the 
acetabulum.  It  consists  of  a  mass  of  fat  covered  by  synovial  membrane.  This 
pod  of  fat  is  continuous  with  the  extra-capsular  fat  through  the  passage  subjacent 
to  the  transverse  ligament  of  the  notch. 

A  S3movial  membrane  Unes  the  capsule  from  which  it  is  reflected  to  the  neck  of 
the  femur  along  a   line  which  corresponds  to  the  femoral  attachments  of  the 
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capsule.     Thus  the  synovkl  niembraDe  clothes  more  of  the  femoral  ueck  anteriorly 
than  in  any  other  position.     Posteriorly,  where  the  capsule  is  feebly  attached  to 

theneckof  thefemur. 
the  synovial  mem- 
brane may  be  seen 
from  the  outside  of 
the  capsule.  The 
synovial  membrane 
extends  close  up  tt' 
the  articular  mai-gin 
of  the  head  of  the 
femur,  and  on  the 
t  upper  and  lower  as- 
pects of  the  neck  it 
ingathered  intoloose 
folds  upon  the  rv- 
tinacula.  Thesefolds 
or  plications  are  l>est 
marked  along  the 
line  of  synovial  re- 
I  flection,  and  do  not 
I  reach  as  far  as  the 
I  femoral  head.  At  its 
I  acetabular  end  the 
I  synovial  membrane 
I  is  prolonged  from  the 
inside  of  the  capsule 
to  the  outer  non- 
articular  surface  ol 
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transverse  liga- 
ments, upon  which  it  is  continued  as  a  lining  for  their  acetabular  or  articular 
surfaces,  and  further,  it  provides  a  covering  for  the  fat  at  the  bottom  of  the 
acetabular  fossa,  as  well  as  a  complete  tubular  invef^tment  for  the  ligamentum  teres. 
Occasionally  the  BynoTial  %ursa,  which  is  subjacent  to  the  tendon  of  the  ilio- 
psoas muscle,  communicates  with  the  interior  of  the  hip-joint  through  an  opening 
in  the  anterior  wall  of  the  capsule  (Fig.  232),  situated  between  the  pubo-femoral 
ligament  and  the  inner  or  lower  limb  of  the  ilio-femoral  ligament. 

MovementB  at  the  Hip-Joint. — The  moveuientB  wliich  occur  at  the  hip-joint  are  those  of 
a  multiaxial  joint.  These  are  fludon,  extendon,  abdnction,  oddnction,  rot«tion,  and  circtundnction. 
The  range  of  each  of  these  movements  is  less  extenfiive  tlian  in  the  case  of  the  should  er-joint,  U'- 
cavae,  at  the  hip,  the  freedom  of  movement  is  subordinatMi  U>  that  stabililv  whicli  is  esseutial  alike 
for  the  maintenance  of  the  erect  attitude  and  for  locomotion.  When  standing  at  re«t  in  the  emt 
attitude  the  hip-Joint  occupies  the  position  of  extenaion,  and  a^j  the  weight  of  the  trunk  is  traob- 
roitted  in  a  perpendicular  which  falls  behind  the  ceiLtivs  of  the  hip-joints,  both  the  etect  attitude 
and  the  extended  position  are  maintained  tu  a  large  extent  mLtlianically,  without  sustain<>d  mu-- 
cular  action,  by  means  of  the  tension  of  the  iho-femoral  ligament  Moreover,  the  tension  of  thi>^ 
Ugament  is  sustained  by  the  pressure  of  the  front  of  the  head  and  neck  of  the  femur  agaiusl  itii 
ajmovial  siirfaca  In  this  association  of  parte  it  is  important  to  note  that  the  articular  cutilai^ 
of  the  fiimoral  head  may  be,  and  in  ceitain  races  is,  prolonged  to  the  front  of  the  femoral  neck  ; 
and  further,  that  the  constant  friction  does  not  destroy  the  synovial  lining  of  the  lafeule. 
Again,  the  same  mechanism  ■which  presprves  the  erect  attitude  jirevents  an  encssive  degree  ol 
extension  or  dorsiHeiion.  In  movement  forwards,  i.e.  ventral  flszion,  the  front  of  the  thigh 
is  approximated  to  the  anterior  abdominal  wall.  The  amount  of  this  movement  depends  upon 
the  position  of  the  knee-joint,  because  when  the  latter  is  flexed  the.  thigh  may  he  bronght  inti- 
contact  with  the  abdomiual  wall,  whereas  whrn  the  knee-joint  is  .^traighlened  {it.  exteudtd 
the  teo->ion  of  the  hamstring  muscles  greatly  restricts  the  amount  of  flexion  at  the  liip-joinl. 
^idDi^on  and  addoctiOD  are  likewise  much  more  reetricted  than  at  the  shoulder 'joint  Abdnc- 
tion  is  brought  to  a  close  by  the  tension  of  the  pul>o-femoral  band  and  the  lower  part  of  ihr 
eapeulc,  and,  in  aildition,  the  upper  aspect  of  the  neck  of  the  femur  locks  against  the  margin 
of  the  acetabulum.  Excp.'^ive  uanction  is  [irevented  by  the  tension  of  the  upper  band  of  the 
ilio-temoral  ligament  and  the  upper  part  of  the  cupsule.  Rotation  or  movement  in  a  longi 
ludinal  axis  may  be  either  inwards,  t.e.  towards  the  front,  or  outwards,  i.e.  toward  ihe  back. 
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lu  the  former  the  moTement  is  brought  to  a  close  by  the  teni^ion  of  the  ischio-capsular  ligament 
and  back  part  of  the  caneule,  aided  by  the  muscles  on  the  back  of  the  joint ;  in  the  latter — 
rotation  outwards — the  cnief  restraining  factor  is  the  outer  or  upper  limb  of  the  ilio-femoral 
ligament     The  total  amount  of  rotation  is  probably  less  than  60'. 

Circamdnction  is  only  slightly  less  free  than  at  the  shoulder,  but  it  is  complicated  by  the 
preservation  of  the  balance  upon  one  foot. 

The  value  and  influence  of  the  ligamentum  teres  are  not  easily  estimated,  because  it  may  be 
alisent without  causing  any  known  interference  with  the  usefulness  of  the  joint.  In  the  erect  attitude 
this  ligament  lies  lax  between  the  lower  part  of  the  femoral  head  and  the  acetabular  fat.  In  the 
act  of  walking  it  is  rendei-ed  tense  at  the  moment  when  the  pelvis  is  balanced  on  the  summit  of  the 
supporting  femur.  Analysis  of  this  position  shows  the  femur  to  be  adducted,  with  probably,  in 
addition,  a  small  amount  of  flexion  (i.e.  bending  forwards)  and  internal  rotation.  Again,  this 
ligament  is  said  to  be  tense  when  the  thigh  is  rotated  outwards.  The  equivalent  of  this 
movement  is  doubtless  found  in  the  rotation  of  the  pelvis,  which  occui*s  in  the  act  of  walking 
at  the  moment  of  transition  from  the  toe  of  the  supporting  foot  to  the  heel  of  the  advancing 
foot.  The  interest  connected  with  this  ligament  is  perhaps  morphological  rather  than  physio- 
logical It  is  believed  by  some  to  represent  the  tendon  oi  a  muscle  which  in  birds  occupies  a 
{losition  external  to  the  joint  capsule. 

THE  KNEEJOINT. 

The  knee-joint  (articulatio  genu)  is  the  largest  artioulation  in  the  body,  and 
it8  structure  is  of  a  very  elaborate  nature.  The  part  it  plays  in  maintaining  the 
erect  attitude  materially  influences  its  construction,  and  special  arrangements  are 
provided  for  the  mechanical  retention  of  the  joint  in  the  extended  position,  in  view 
of  the  fact  that  the  line  of  gravity  falls  in  i'ront  of  the  centre  of  the  articulation. 
Its  principal  axis  of  movement  is  in  the  transverse  direction,  consequently  it  belongs 
to  the  ginglymus  or  hinge  variety  of  the  diarthroses.  At  the  same  time  a  shght 
amount  of  rotation  of  the  tibia  in  its  long  axis  is  permitted  during  extreme  flexion  ; 
but  while  this  fact  is  of  considerable  importance  in  the  study  of  certain  accidents 
to  which  the  joint  is  liable,  as  well  as  in  the  study  of  its  comparative  morphology,  it 
is  not  sufficiently  pronounced  to  interfere  with  its  classiflcation  as  a  hinge- joint. 

Articular  surfaces  pertaining  to  the  femur,  tibia,  and  patella,  enter  into  the 
formation  of  the  knee-joint.  The  articular  surface  of  the  femur  extends  over  a 
large  part  of  both  condyles,  and  may  be  divided  into  patellar  and  tibial  portions 
by  faintly -marked,  almost  transverse  grooves,  which  pass  across  the  articular 
surface  immediately  in  front  of  the  intercondylar  notch.  As  a  rule  marginal 
indentations  of  the  articular  surface  render  the  positions  of  these  transverse 
grooves  more  distinct. 

The  patellar  portion  (Fig.  233)  is  situated  anteriorly,  and  is  common  to  both 
condyles,  although  developed  to  a  larger  extent  in  association  with  the  outer  condyle, 
on  which  it  ascends  to  a  higher  level  than  on  the  inner  condyle.  This  surface  is 
trochlear,  and  forms  a  vertical  groove  bordered  by  prominent  Lateral  borders. 

The  tibial  portion  of  the  articular  surface  of  the  femur  is  divided  into  two 
articular  areas,  in  relation  to  the  inferior  aspects  of  the  two  condyles,  by  the  wide 
noD -articular  intercondyloid  notch.  These  two  surfaces  are  for  the  most  part 
parallel,  but  in  front  the  internal  tibial  surface  turns  obhquely  outwards  as  it 
passes  into  continuity  with  the  patellar  trochlea,  while  posteriorly,  under  certain 
circumstance,  e.g,  the  squatting  posture,  the  articular  surface  of  the  inner  condyle 
may  extend  to  the  adjoining  portion  of  the  pophteal  area  of  the  bone. 

When  the  joint  is  in  the  position  of  extreme  flexion,  the  patella  is  brought  into 
direct  contact  with  that  part  of  the  articular  surface  on  the  inner  condyle  which 
bounds  the  intercondyloid  notch  upon  its  inner  and  anterior  aspects.  This  relation- 
ship is  indicated  by  the  presence  of  a  distinct  semilunar  facet  on  the  cartilage  in 
that  situation  (Fig.  233).  The  articular  surface  of  the  femur  may  therefore  be 
regarded  as  presenting  femoro-patellar  and  femoro-tibial  areas. 

The  patella  presents  on  its  posterior  aspect  a  transversely  -  elongated  oval 
articular  facet  and  an  inferior  rough,  triangular,  non-articular  area.  The  articular 
facet  is  divided  into  two  principal  lateral  portions  by  a  prominent  rounded  vertical 
ridge.  Of  these  the  outer  is  the  wider.  A  less  pronounced  and  nearly  vertical 
ridge  marks  oflfan  additional  facet  called  the  internal  perpendicular  facet,  close  to 
the  inner  margin  of  the  articular  surface.     Two  faint  transverse  ridges  cut  ofi' 
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narrow  upper  and  lower  facets  from  the  general  articular  surface  without  encroach- 
ing on  the  narrow  innermost  vertical  facet  (Goodair)  (Fig.  233), 

The  head  of  the  tibia  presents  on  its  superior  aspect  two  condylar  articular 
eurfacee,  separated  from  each  other  by  a  non-articular  anteroposterior  area,  which 
is  wider  in  front  and  behind  than  in  the  middle,  where  it  is  elevated  to  form  a 
bifid  tibial  spiue. 

The  external  condylar  facet  is  slightly  concavo-convex  from  before  backwards, 
and  slightly  concave  transversely.  Thi»  surface  is  almost  circular,  and  extends 
to  the  free  external  border  of  the  tibial  head,  where  it  is  somewhat  fiattenetl. 
Posteriorly  the  articular  surface  is  prolonged  downwards  on  the  tuberosity  in 
relation  to  the  position  occupied  by  the  tendon  of  the  poplitcus  muscle.      The 
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intenial  condylar  &cet  is  oval  in  outline,  and  distinctly  concave  both  in  its  antero- 
posterior and  transverse  diameters. 

LigamentB. — Like  all  diarthroses,  this  joint  is  invested  by  an  envelope  or 
capsule  (capsula  articularis),  which  does  not,  however,  entirely  surround  the  joint 
cavity,  for  it  is  absent  as  a  librous  membrane  above  the  joint  cavity,  subjacent  to 
the  tendon  of  the  quadriceps  extensor  muscle.  Its  specially  named  bands  are  uut 
of  themselves  auEGcient  to  form  a  complete  investment,  and  a  capsular  membmue, 
which  largely  consists  of  augmentations  from  the  fascia  lata  and  the  tendons  of 
surrounding  muscles,  supplies  the  defective  areas.  Thus,  anteriorly,  on  each  side 
of  the  patella  and  the  ligamentum  patellie,  expansions  of  the  vasti  tendons  and 
fascia  lata,  constituting  latenl  patellar  ligamente,  are  evident  On  the  outer  side  of 
the  joint  the  external  lateral  ligament  is  bidden  within  a  covering  derived  from 
the  ilio-tihial  band  of  the  fascia  lata.  Ou  the  inner  side  exiiansions  from  the 
tendons  of  the  sartoriiis  and  semi-membranosus  muscles  augment  the  capsule,  which 
here  becomes  continuous  with  the  internal  lateral  ligament.  Posteriorly  tbe  capsule 
also  receives  augmentation  from  the  tendon  of  the  Nemi-membranoBus  muscle,  but 
it  is  very  thin  subjacent  to  the  origins  of  the  gastrocnemius  muscle,  where  it  covers 
the  hinder  (urts  of  the  condyles.  Not  unfrequently  the  capsule  presents  an 
ojieuing  of  communication  between  the  interior  of  the  joint  cavity  and  a  bursa 
which  lies  under  cover  of  the  inner  head  of  the  gastrocnemius  muscle. 


THE  KNEE-JOINT.  299 

The  anterior  ligament  (lig.  patellse,  Fig.  233),  also  called  the  ligsmentum 
patelUe,  is  a  powerful  flatteDed  band,  attacimd  superiorly  to  the  apex  sod  adjoiniug 
margins  of  the  patella,  and  iuferiorly  to  the  rough  anterior  tuberosity  at  the  upper 
end  of  the  shaft  of  the  tibia.  This  ligament  also  serves  as  a  tendon  of  insertion  for 
the  quadriceps  extensor  muscle,  and  a  certain  number  of  the  fibres  of  the  tendon 
may  be  observed  to  descend  as  a  thin  fibrous  covering  for  the  anterior  surface  of 
the  patella.  The  deep  surface  of  the  tendon  is  separated  from  the  front  of  the  head 
of  the  tibia  by  a  synovial  bursa,  and  above  this  it  rests  upon  the  infrapatellar  pad 
of  fat,  which  is  placed  between  the  t«ndon  and  the  synovial  membrane  of  the  joint. 

The  posterior  lisament  (Fig.  234)  is  a  compound  structure  of  unequal  strength. 


Biceps  flexor 
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and  those  portions  by  which  it  establishes  continuity  with  the  lateral  parts  of  the 
capsule  are  remarkably  thin.  It  is  attached  superiorly  to  the  popliteal  surface  of 
the  femur,  close  to  the  intercondyloid  notch,  with  lateral  extensions  to  the  non- 
articular  areas  immediately  above  the  posterior  articular  margins  of  the  two  con- 
dyles, where  it  is  closely  associated  with  the  origins  of  the  gastrocnemius  muscle. 

Inferiorly  it  is  attached  to  the  rough  non-articular  posterior  border  of  the  head 
of  the  tibia,  where,  to  its  fibular  aide,  it  presents  an  opening  of  exit  for  the  tendon 
of  the  popliteuB  muscle  {Fig.  234). 

The  tendon  of  insertion  of  the  semi  -  membranosus  muscle  contributes  an 
important  expansion  which  augments  the  posterior  ligament  on  its  superficial 
aspect.  This  expansion — ligamentnm  posticum  Wiaslowii^passea  obliquely  upwards 
and  outwards  to  lose  itself  io  the  geueral  ligament,  but  it  is  most  distinct  in  the 
region  between  the  femoral  condyles,  where  it  may  present  upper  and  lower  arcuate 
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borders.  A  number  of  vessels  aad  nerves  perforate  this  ligament,  and  hence  it 
presents  a  number  of  apertures. 

The  internal  lateral  ligament  (lig.  coUaterale  tihiale,  Figs.  233  and  235)  is  a  well- 
defined,  strong,  flat  band  which  is  applied  to  the  inner  side  of  the  knee-joint,  and  Ls 
rather  wider  in  the  middle  than  at  either  end.  It  is  frequently  regarded  as  consisting 
of  two  portions — an  anterior  or  long  portion,  and  a  posterior  or  short  one.  The  two 
parts  arise  close  together  from  the  non-articular  inner  surface  of  the  inner  condyle, 
immediately  below  the  adductor  tubercle.  The  short  or  posterior  portion  descend^ 
slightly  backwards,  to  be  attached  to  the  postero-internal  aspect  of  the  inner  part  of 
the  tibia  above  the  groove  for  the  semi-membranosus  tendon.  The  long  or  antehor 
portion  inclines  somewhat  forwards,  and  descending  superficially  to  the  tendon  of 
the  semi-membranosus,  it  is  continued  downwards,  to  be  attached  to  the  upper  part  of 
the  inner  surface  of  the  shaft  of  the  tibia  below  the  level  of  the  anterior  tuberosity. 

On  its  superficial  aspect  the  internal  lateral  ligament  is  augmented  by  prolonga- 
tions from  the  tendons  of  the  semi-membranosus  and  sartorius  muscles,  but  is 
separated  by  a  bursa  i'rom  the  tendons  of  adductor-gracilis,  semi-tendinosus,  and 
sartorius.  Its  deep  surface  is  adherent  to  the  convex  edge  of  the  internal  semilunar 
cartilage,  but  lower  down  the  inferior  internal  articular  vessels  intervene  betwet*n 
the  ligament  and  the  shaft  of  the  tibia. 

The  external  lateral  ligament  (lig.  coUaterale  fibulare,Figs.  233  and  235),  sometimes 
called  the  ligamentum  laterale  externum  longum,  is  a  distinct  rounded  band  which 
is  under  cover  of  the  ordinary  capsule,  and  yet  well  separated  from  the  joint  cavity  by 
intervening  objects.  It  is  attached  superiorly  to  a  tubercle  on  the  outer  surface  of 
the  external  condyle,  immediately  above  the  groove  occupied  by  the  tendon  of  the 
popliteus  muscle,  superficial  to  which  the  ligament  descends.  By  its  lower  end  it  is 
attached  to  the  outer  side  of  the  head  of  the  fibula,  in  front  of  the  styloid  process. 
In  its  course  vertically  downwards  it  splits  the  tendon  of  insertion  of  the  biceps 
flexor  cruris  (Fig.  233),  the  portions  of  which  are  fixed  to  the  head  of  the  fibula  on 
either  side  of  the  ligament,  and  a  bursa  may  intervene  between  the  tendon  and  the 
ligament.  The  inferior  external  articular  vessels  pass  forwards  subjacent  to  thib 
ligament  and  above  the  head  of  the  fibula.  Unlike  the  internal  ligament,  it  is  not 
attached  to  the  corresponding  semilunar  cartilage. 

The  ligamentum  laterale  externam  breve  sen  posticum  (Fig.  234)  is  an  inconstant  Btructure 
which  is  attached  by  its  upper  end  immediately  behind  the  preceding,  and  subjacent  to  the 
outer  head  of  the  gastrocnemius  muscle.  It  Ukewise  descends  superficial  to  the  popliteal  t<fn<loD, 
and  is  affixed  inferiorly  into  the  styloid  process  of  the  fibula. 

The  intra-artictilar  strnctures  of  the  knee-joint  are  more  important  and  more 
numerous  than  in  any  other  joint  of  the  body. 

The  cmcial  ligaments  (ligamenta  cruciata  genu)  are  two  strong, rounded,  tendinous 
bands,  which  extend  from  the  non-articular  area  on  the  upper  surface  of  the  he^ 
of  the  tibia  to  the  non-articular  sides  of  the  intercondyloid  notch  of  the  femur. 
These  interarticular  ligaments  are  distinguished  from  each  other  as  the  anterior  or 
external  and  the  posterior  or  internal.  They  cross  each  other  like  the  limbs  of 
an  X,  yet  they  remain  distinct  throughout,  and  each  has  its  own  partial  synovial 
covering.  They  lie  within  the  capsule  of  the  joint,  and  extend  between  non- 
articular  surfaces  in  relation  to  the  longitudinal  axis  of  the  limb. 

The  ligamentnm  craciatnm  anterins  (Figs.  233, 235,  and  236)  is  attached  inferiorly 
to  the  inner  part  of  the  rough,  depressed  area  in  front  of  and  close  to  the  spine  of 
the  tibia.  It  passes  obliquely  upwards,  outwards,  and  backwards  to  the  inner 
non-articular  surface  of  the  external  condyle,  where  it  finds  attachment  far  back  in 
the  posterior  part  of  the  intercondyloid  notch.  This  ligament  is  tense  in  the  position 
of  extension,  and  therefore  it  assists  in  maintaining  the  erect  attitude. 

The  ligamentum  cmciatum  posterins  (Figs.  233, 235,  and  236)  is  somewhat  shorter 
than  the  preceding.  It  is  attached  inferiorly  to  the  hinder  part  of  the  depressed 
surface  behind  the  spine  of  the  tibia  and  close  to  the  popliteal  notch.  Its  fibres 
pass  obliquely  upwards,  forwards,  and  inwards,  to  be  inserted  into  the  outer  non- 
articular  surface  of  the  inner  condyle,  far  forwards  towards  the  anterior  margin  of 
the  intercondyloid  notch.     It  is  rendered  tense  in  the  position  of  fiexion. 
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The  semilmuLr  uiteraiticiilar  flbro-cartilacea  are  two  in  number — an  inner  and  an 
outer — placed  horizontally  between  the  articular  surfaces  of  the  femur  and  tibia. 
In  general  outline  they  correspond  to  the  eircuinfet^ntiaJ  portions  of  the  tibial 
tauetB  upon  which  they  rest.  Each  has  a  thick,  convex,  6sed  border  in  relation  to 
the  periphery  of  the  joint,  and  a  thin,  conciive,  free  border  directed  towards  the 
interior  of  the  joint.  Neither  of  them  is  sufficiently  large  to  cover  the  whole  of  the 
tibial  articular  surface  upon  which  it  rests.  The  upper  and  lower  surfaces  of  each 
semilune  are  smooth  and  free,  and  each  cartilage  terminat«B  in  an  anterior  and  a 
posterior  fibrous  horn  or  eornu. 

The  internal  semUnnar  Sbro-caitila([e  (meniscus  medialis,  Figs.  235  and  236) 
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forma  very  nearly  a  semicircle.  It  is  attached  by  its  anterior  horn  to  the  non- 
articular  surface  on  the  head  of  the  tibia,  in  front  of  the  tibial  attuchment  of  the 
anterior  crucial  ligament,  and  by  its  posterior  horn  to  the  non-articular  surface 
immediately  in  front  of  the  tibial  attachment  of  the  posterior  crucial  ligament. 
The  ileeji  or  binder  part  of  the  internal  lateral  ligament  is  attached  to  its  |)eriphery. 
The  eztemal  aamilnnar  flbro-cartilngfl  (meniscus  lateralis,  Figs.  235  and  236)  is 
attached  by  its  anterior  horn  to  the  non-nrticular  surface  of  the  tibia  in  front  of 
the  tibial  spine,  where  it  is  placed  to  the  outer  side,  and  partly  under  cover  of  the 
tibial  end  of  the  anterior  crucial  ligament.  By  its  posterior  horn  it  is  attached  to  the 
interval  between  the  two  tubercles  which  surmount  the  tibial  spine,  i.e.  in  front  of 
the  attachment  of  the  posterior  horn  of  the  internal  semilunar  cartilage.  This  fibro- 
cartilage,  with  its  two  horns,  therefore  forms  almost  a  complete  circle.  Posteriorly 
it  is  attached  by  its  periphery  to  the  posterior  ligament,  but  on  the  outer  side  it 
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is  separated  from  the  external  lateral  ligament  by  the  tendon  of  the  popliteus 
nmacle,  and  on  this  aspect  its  periphery  is  free. 

The  two  liorns  of  the  external  semilune  are  embraced  by  the  two  horns  of  the 
internal  one,  and,  while  the  anterior  crucial  ligament  has  its  tibial  attachment  almost 
between  the  anterior  horns  of  the  two  demilunes,  the  tibial  attachment  of  the 
posterior  crucial  ligament  is  situated  behind  the  posterior  horns  of  the  two 
semilunes. 

Both  semilunesposaeBB  certain  accessory  attachments.  Thus  the  external  semi- 
lune sends  a  large  bundle  of  fibres  from  its  convex  posterior  border  to  augment  the 
Ant.-riur  coniii  of  *iteniiL  posterior  aspect 
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in  addition. 
they  are  attached  to  the  non-articular  circtiiuference  of  the  tibial  head  by  short 
fibrous  iMinds  known  as  the  ligunenta  coronuia.  Lastly,  a  rounded  band  which 
varies  in  strength,  the  tnuuTsrse  ligament  (lig.  transversura  genu,  Figs.  233  and 
236),  stretches  between  the  wnterior  convex  margins  of  the  two  semilunes,  crossing 
the  front  part  of  the  non-articular  area  on  the  tibial  head  in  its  course. 

The  aynovial  membrane  of  the  knee-joint  is  not  only  the  largest,  but  the  most 
elaborately  arran^«!d  of  its  kind  in  the  body.  It  not  only  lines  the  capsule,  but  it 
forms  a  more  or  less  extensive  covering  for  the  intracapsular  ligaments  and  the 
free  surface  of  the  iafta-patellar  pad  of  fiit  This  pad  acts  as  a  wedge  which  fit" 
into  the  interval  lietween  the  patella,  tibia,  and  femoral  condyles,  and  the  synoviiil 
membrane  upon  its  surface  forma  a  band  or  fold  which  extends  from  below  the 
level  of  the  patellar  articular  surface  to  the  anterior  part  of  the  intercondyloid 
notch.  This  is  in  no  sense  a  ligament,  although  it  is  named  the  Ugama&tiim 
mDcosnm,  or  plica  syiiovialis  pateilaris.  At  itH  femoral  end  it  is  narrow  and  attenu- 
ated, but  at  its  patellar  end  it  expands  laterally  to  form  wing-like  fringes  or  mem- 
branes— the  alar  ligaments  (plica'  alares) — which  are  often  distinguished  from  each 
other  as  the  inner  (plica  sliformis  medialis)  and  the  outer  (plica  aliformis  lateralis). 
These  folds  are  more  or  less  loaded  with  fat. 

Apart  from  these  special  foldings,  the  synovial  membrane  lines  the  deep  surface 
of  the  common  extensor  tendon,  and  extends  upwards  for  a  variable  distance  al>ove 
the  patella.  This  extension  of  the  joint  cavity  almost  always  communicates  with 
a  large  bursa  situated  still  higher  on  the  front  of  the  femur.  Tracing  the  synovial 
membrane  downwardn,  it  will  l>e  found  to  cover  both  surfaces  of  the  semilunar  fibro- 
cartilages.  The  peripheral  or  convex  ninrgiuB  of  these  cartilages  are  only  covered 
by  this  membrane  where  they  are  unattached  to  the  capsule.  A  prolongation 
invests  the  intracapsular  portion  of  the  tendon  of  the  popliteus  muscle,  and 
separates  this  tendon  from  the  Wck  part  of  the  tibial  head,  txtsides  inter\'ening 
between  the  external  semilune  and  the  head  of  the  tibia. 

From  the  back  part  of  the  joint  cavity  the  synovial  membrane  extends  forwards, 
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and  provides  a  partial  covering  for  the  crucial  ligaments  between  which  a  bursa  may 
be  found. 

This  somewhat  complicated  arrangement  of  the  synovial  membrane  may  be 
readily  comprehended  if  it  be  borne  in  mind  that  it  really  represents  the  fusion  of 
three  separate  synovial  cavities,  which  in  some  animals  are  permanently  distinct. 
These  are  indicated  in  the  two  femoro-tibial  and  the  single  femoro-patellar  parts  of 
the  articulation. 

The  joint  cavity  may  communicate  with  hxmm  situated  in  relation  to  the  inner 
head  of  the  gastrocnemius  muscle  and  the  tendon  of  the  semi-membranosus  muscle, 
Vjesides  the  large  supra-patellar  bursa  already  described.  Lastly,  there  may  be 
intercommunication  between  this  joint  cavity  and  that  of  the  superior  tibio-fibular 
articulation. 

Movements  at  the  Knee- Joint. — In  studying  the  movements  which  may  occur  at  the 
human  knee-joint,  it  is  necessary  to  bear  in  mind  that  the  lower  limb  of  man  is  primarily  required 
fc»r  purposes  of  support  and  locomotion.  The  principal  req^uirement  of  the  former  function  is 
stability  accompanied  by  rigidity,  whereas  in  the  latter  function  the  special  desideratum  is  regu- 
lated and  controlled  mobility.  Thus,  in  the  same  joint,  two  entirely  opposite  conditions  have 
t<j  be  pro\dded.  The  stable  conditions  of  support  are  chiefly  concemea  in  the  maintenance 
of  the  erect  attitude,  and  the  mechanism  associated  therewith  does  not  call  for  the  exertion  of  a 
large  degree  of  sustained  muscular  effort 

In  standing  erect  the  attitude  of  the  limb  is  that  of  extension,  which  mainly  concerns  the 
femoro-tibial  parts  of  the  joint  In  this  position  the  force  of  gravity  acts  along  a  vertical  line 
which  falls  in  front  of  the  transverse  axis  of  the  joint,  and  therefore  any  tendency  to  flexion,  i,e. 
bending  backwards,  is  mechanically  counteractea  by  the  application  of  a  force  which  tends  to 
produce  bending  forwards  (so-called  over-extension).  This,  nowever,  is  absolutely  prohibited  in 
normal  states  of  the  joint,  by  the  tension  of  the  posterior  and  lateral  ligaments  aided  by  the 
anterior  crucial  ligament  The  value  of  this  fact  may  be  seen  by  observing  the  effect  produced  by 
giving  the  joint  a  sudden  push  from  behind,  which  causes  an  immediate  reversal  of  the  positions  of 
the  transverse  and  vertical  axes,  whereby  the  body  weight  at  once  produces  flexion  of  the  joint 

The  semilunar  cartilages  and  the  infra-patellar  pad  of  fat  also  assist  in  maintaining  extension, 
by  reason  of  their  close  aoaptation  to,  and  packing  round  the  condyles  as  these  rest  upon  the  tibia. 
'fhe  anterior  margin  of  the  intercondyloia  fossa  is  also  brought  into  contact  with  the  front  of 
the  anterior  crucial  ligament 

In  the  position  of  extension  the  patella  is  retained  at  a  high  level  in  relation  to  the  trochlear  sur- 
face of  the  femur,  so  that  the  lower  articular  facets  of  the  patella  are  in  contact  with  the  trochlea. 

During  locomotion  the  movements  of  the  knee-joint  are  somewhat  intricate,  for  both  the 
femoro-tibial  and  the  femoro-patellar  sections  of  the  joint  are  brought  into  action.  The  principal 
movement  which  results  is  flexion,  with  which  there  is  associate,  both  at  its  beginning  and 
ending,  a  certain  amount  of  screw  movement  or  rotation.  Flexion  and  rotation  occur  at  the 
femoro-tibial  sections  of  the  joint,  whereas  the  movement  at  the  femoro-patellar  portion  produces 
a  r^ulating  and  controlling  influence  upon  flexion. 

Taking  these  factors  separately,  we  observe  that  each  condyle  adapts  itself  to  a  shallow  cup 
formed  by  the  head  of  the  tibia  and  the  corresponding  semilunar  cartilage,  and  as  the  two 
condyles  move  simultaneously  and  parallel  to  each  other,  there  is  more  than  the  characteristic 
hinge-joint  action,  for  each  condyle  glides  and  rolls  in  its  cup  "  Uke  a  wheel  restrained  by  a 
drag"  (Goodsir)  when  the  movement  of  bending  occurs.  Thus  the  different  parts  of  the  condyles 
are  successively  brought  into  relation  with  the  transverse  axis  of  the  joint  while  it  passes  from 
extension  to  flexion  and  vice  versa.  From  the  fact  that  the  internal  condyle  is  longer  than  the 
external,  it  is  believed  that  extension  ia  completed  by  a  movement  of  rotation  whereby  the  joint 
l)ecome8  locked,  and  the  anterior  crucial,  the  posterior  and  the  lateml  ligaments,  become  tense.  A 
similar  rotation  initiates  the  movement  of  flexion,  and  unlocks  the  joint  by  relaxing  the  liga- 
ments just  mentioned. 

Since  the  tibia  and  foot  are  fixed  in  the  act  of  walking,  it  is  the  femur  which  rotates  upon 
the  tibia  in  passing  from  extension  to  flexion  and  vice  versa ;  and  as  relaxation  of  the  ilio-femoral 
ligament  is  essential  for  this  rotation,  some  observers  are  of  opinion  that  the  body  weight  falls 
l)ehind  the  transverse  axis  of  the  knee-joint,  as  in  the  case  of  trie  hip-joint,  and  consequently  that 
extension  of  the  knee-joint  is  maintained  by  the  ilio-femoral  ligament,  as  it  is  not  possible  to 
bend  the  knee  without  first  having  bent  the  hip-joint 

During  flexion  and  extension  tne  semilunar  cartilages  glide  along  with  the  condyles,  so  as  to 
maintain  their  close  adaptation  and  preserve  their  value  as  packing  agents.  When  the  movement 
of  flexion  is  completed,  the  condyles  are  retained  upon  the  tibia,  and  prevented  from  slipping  off 
by  the  tension  of  the  posterior  crucial  ligament  In  this  position  a  small  degree  of  rotation  of 
the  tibia,  both  inwards  and  outwards,  is  also  permissible. 

The  regulating  and  conti-olling  influence  of  the  femoro-patellar  portion  of  the  articulation  is 
brought  into  play  during  the  movements  of  flexion  and  extension.  In  the  latter  position  the 
inferior  pair  of  patellar  facets  is  in  apposition  with  the  upper  part  of  the  femoral  trochlea.  As 
flexion  advances,  the  middle  pair  of  facets  adapt  themselves  to  a  deeper  area  of  the  trochlea,  into 
which  the  patellar  keel  fits.  When  flexion  is  still  further  advanced,  the  upper  pair  of  patellar 
facets  will  oe  found  fitting  into  that  part  of  the  trochlea  adjoining  the  intercondyloid  notch  ; 
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and  filially,  when  flexion  is  complete,  the  patella  lies  opposite  the  intercondyloid  notch,  while 
the  forward  thrust  of  the  longer  internal  condyle  brings  its  semilunar  facet  (Goo<isir)  into 
apposition  with  the  somewhat  vertical  facet  at  the  inner  border  of  the  patella.  The  wedge-like 
influence  of  the  patella  is  most  marked,  for  it  is  only  in  the  position  of  extension  that  it  can  be 
moved  from  side  to  side.  The  movements  of  the  patella  may  be  described  as  gliding  and 
co-aptation,  as  it  slips  or  rocks  from  one  pair  of  facets  to  another  in  its  progress  along  the  trough 
of  the  femoral  trochlea. 

THE  TIBIO-FIBULAR  JOINTS. 

The  upper  and  lower  ends  of  the  fibula  articulate  with  the  tibia.  Primarily, 
the  fibula  is  required  to  form  a  strong  lateral  support  for  the  ankle-joint,  and 
therefore  its  articulations  are  so  arranged  as  to  provide  a  certain  amount  of 
elasticity  without  any  sacrifice  of  the  rigidity  necessary  for  security.  Hence  the 
amount  of  movement  is  very  small,  but  what  there  is  enables  these  joints  to  be 
classified  as  arthrodial  diarthroses. 

The  superior  tibio-fibulax  joint  (articulatio  tibio-fibularis)  is  formed,  on  the 
one  hand,  by  a  flat  oval  or  circular  facet  which  is  situated  upon  the  postero-external 
aspect  of  the  outer  tuberosity  of  the  head  of  the  tibia,  and  is  directed  downwards 
and  backwards ;  on  the  other,  by  a  similar  facet  on  the  upper  surface  of  the  head 
of  the  fibula  in  front  of  the  styloid  process. 

A  fibrous  caiisule  (capsula  articularis,  Fig.  234)  invests  the  joint,  and  it  may 
be  regarded  as  holding  the  articular  surfaces  in  apposition,  although  certain 
special  bands  receive  separate  designations.  Occasionally  there  is  an  opening  in  the 
capsule  by  which  communication  is  established  between  the  joint  cavity  and  the 
knee-joint  through  the  intermediation  of  the  synovial  prolongation,  subjacent  to  the 
tendon  of  the  popliteus  muscle. 

The  anterior  superior  tibio-flbular  ligament  (lig.  capituli  fibulae  anterius,  Fig.  233; 
is  a  strong  flat  band  whose  fibres  extend  from  the  anterior  aspect  of  the  fibular 
head,  upwards  and  inwards,  to  the  adjoining  part  of  the  tuberosity  of  the  tibia. 

The  posterior  superior  tibio- fibular  lii^unent  (lig.  capituli  fibuhe  anterius, 
Fig.  234)  is  a  similar,  but  weaker  band,  passing  upwards  and  inwards  from  the 
posterior  eispect  of  the  fibular  head  to  the  posterior  aspect  of  the  outer  tuberosity 
of  the  tibia,  where  they  are  attached  immediately  below  the  opening  in  the 
capsule  of  the  knee-joint,  from  which  the  tendon  of  the  popliteus  muscle  escapes. 

Equally  strong  but  much  shorter  bands  are  found  on  the  superior  and  inferior 
aspects  of  the  joint.  The  former  is  intimately  associated  with  the  tendon  of  the 
biceps  flexor  cruris  muscle  which  strengthens  the  upper  aspect  of  the  joint,  and 
here  also  is  found  the  occasional  opening  by  which  it  communicates  with  the  knee- 
joint. 

The  synoyial  membrane  is  in  certain  cases  continuous  with  that  of  the  knee> 
joint  in  the  manner  already  described. 

The  interosseous  membrane  (membrana  interossea  cruris.  Figs.  234  and  237) 
plays  the  part  of  an  accessory  ligament  both  for  the  upper  and  the  lower  tibio-fibular 
joint.  It  is  attached  to  the  interosseous  borders  on  the  shafts  of  the  tibia  and 
fibula,  and  binds  them  together.  The  general  direction  of  its  fibres  is  from  the 
tibia  downwards  and  outwards  to  the  fibula,  but  many  fibres  pass  in  the  opposite 
direction.  The  membrane  may  extend  upwards  until  it  comes  into  contact  with 
the  ligaments  of  the  superior  tibio-fibular  joint,  but  there  is  always  a  vertical  oval 
aperture  in  its  upper  part  for  the  forward  passage  of  the  anterior  tibial  vessels. 
This  aperture  (Fig.  234),  which  is  about  one  inch  long,  adjoins  the  shaft  of  the 
fibula  at  a  point  rather  less  than  one  inch  below  its  head.  Towards  the  lower  end 
of  the  leg  the  distance  between  the  tibia  and  the  fibula  rapidly  diminishes,  and 
consequently  the  width  of  the  interosseous  membrane  is  correspondingly  reduced, 
so  that  it  is  tense  throughout  its  entire  length.  In  the  lower  part  of  the  membrane 
there  is  a  small  opening  for  the  passage  of  the  anterior  perforating  vessela  There 
is  no  sharply-marked  demarcation  between  the  interosseous  membrane  and  the 
interosseous  ligament  which  connects  the  lower  ends  of  the  tibia  and  fibula-  -the 
one,  indeed,  may  be  said  to  run  into  the  other. 

The  inferior  tibio-flbular  joint  (syndesmosis  tibio-fibulare)  is  not  on  all 
occasions  provided  with  articular  cartilage,  so  that  it  may  either  be  a  separate  articu- 
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lation,  or  it  may  merely  preaeat  a.  series  of  ligaments  which  are  accessory  to  the  ankle- 
joint,  because  it  ie  clear  that,  under  any  circumstances,  the  object  aimed  at  in  this 
articalation  is  to  obtain  additional  security  for  the  ankle-joint.  The  articular  surface 
ou  the  tibia,  when  present,  constitutes  a  narrow  articular  strip  on  the  outer  side  of 
the  lower  end  of  the  bone,  and  the  joint-cavity  is  practically  an  upward  extension 
of  the  ankle-joint.  The  corresponding  fibular  facet  is  continuous  with  the  ex- 
trusive articular  area,  by  means  of  which  the  hbula  articulates  with  the  astiagalua 
By  far  the  greater  part  of  the  opposing  surface.s  of  tibia  and  fibula  are,  however, 
D on -articular  and  rough. 

The  supporting  li^uaents  are  of  grejit  strcii;;th. 


Kio.  237.— Ankle- Joi SI  DiBaECTEU  khum  Bebind  with  Paiit  oi'  thk  i.'.vrsuLAU  Lhj*iiiist  Kbuoved. 

The  anterior  inferior  tibio-fltmlar  ligament  (lig.  malleoli  laterahs  auterius,  Fig. 
240)  consists  of  strong  hhres  which  pass  obliquely  downwards  and  outwards  from 
the  front  of  the  lower  end  of  the  tibia  to  the  front  of  the  external  malleolua 

The  post^or  inferior  tibio-flbnUr  ligament  (lig.  malleoli  lateralis  postcrius.  Figs. 
■*37  and  238)  is  equally  strong,  and  passes  in  a  similar  direction  between  corre- 
eponding  posterior  surfaces. 

A  transTerse  inferior  tibio-filnUai  ligament  (Figs.  237  and  238)  stretches,  in  the 
direction  indicated  by  its  name,  between  the  posterior  inferior  border  of  the  tibia 
and  the  upper  end  of 'the  pit  on  the  inner  and  posterior  tispect  of  the  external 
malleolus. 

An  interosseous  ligament,  powerful  and  somewhat  extensive,  connects  the  con- 
tiguous rough  non-articular  surfaces.  Superiorly,  as  already  mentioned,  it  is  con- 
tinuous with  the  interosseous  membrane.  Anteriorly  and  posteriorly  it  comes 
into  contact  with  the  more  superficial  ligamenta  Inferiorly  it  descends  until  it 
comes  into  intimate  association  with  the  joint-cavity. 
21 
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A  Bynovial  membrane  is  found  lining  the  small  joint-cavitj,  but  it  ie  always  a 
direct  prolongation  from  that  which  lines  the  ankle-joint. 

JOINTS  OF  THE  FOOT. 

THE   ANKLEJOINT. 

The  ankle-joint  (articulatio  talo-cruralis)  is  a  ginglymus  variety  of  a  diartlirosia. 
The  bones  which  enter  into  its  formaLton  are  the  lower  ends  of  the  tibia  and  fibula, 
with  the  articular  areas  on  the  upper,  lateral,  and  mesial  surfaces  of  the  ostragaluf. 
The  tibia  and  fibula,  aided  by  the  transverse  inferior  tibio-iibulsr  ligainent,  form  a 
three-sided  socket  within  which  the  astragalus  is  accommodated.  The  roof  or 
highest  part  of  the  socket,  which  is  wider  in  front  than  behind,  is  formed  chiefly  by 
the  quadrilateral  articular  surface  which  characterises  the  lower  end  of  the  tibia, 
but  towards  its  postero-extemal  margin  the  transverse  inferior  tibio-fibular  liga- 
ment assists  in  its  formation.  Here  also  the  tibial  articular  surface  is  continuous 
with  the  narrow  articular  facet  already  described  as  forming  part  of  the  inferior 
tibio-fibular  joint.  The  inner  wall  of  the  socket  is  formed  by  the  articular  facet  on 
the  outer  side  of  the  internal  malleolus,  and  there  is  no  interruption  of  the  articular 
cartilage  between  the  roof  and  inner  wall.  The  outer  wall  of  the  socket  is  quite 
separate  from  the  foregoing  parts,  and  consists  of  a  large  triangular  facet  upon  the 
inner  side  of  the  external  malleolus.  This  facet  is  situated  immediately  in  front  of 
the  deep  pit  which  characterises  the  posterior  part  of  this  surface  of  the  fibula. 

A  small  lunat^d  facet  is  frequently  found  upon  the  anterior  surface  of  the  lower  end  of  the 
tibia,  particularly  among  those  races  cliaracterised  by  tlie  adoption  of  the  "equatting''  posture. 
When  Ihia  facet  cxIaU  it  ia  continuoua  with  the  anterior  margin  of  the  roof  of  the  socKet,  and  it 
articulates  with  a  similar  facet  upon  the  upper  surface  of  the  neck  uf  the  astragalus  in  the 
extreme  flexion  of  the  ankle-joint  which  "squatting"  entails. 

The  articular  surface  upon  the  body  of  the  astragalus  adapts  itself  to  the  tibio- 
fibular socket,  and  presents  articular  facets  corresponding  to  the  roof  and  sides  of 
the  socket.  Thus  the  superior  surface  of  the  astragalus  possesses  a  quadrilateral 
articular  area,  wider  in  front  than  behind,  distinctly  convex  in  the  antero-posterior 
direction,  and  slightly  concave  transversely.  In  addition,  towards  its  poetfiro- 
ezternal  margin,  there  is  also  a  narrow  antero-posterior  facet  corresponding  to  the 
transverse  inferior  tibio-fibular  ligament.  The  articular  cartilage  of  this  upper 
surface  is  continued  without  interruption  to  the  tibial  and  fibular  sides  of  the  bone. 
although  the  margins  of  the  superior  area  are  sharply  defined  from  the  lateral 
facets,  the  outer  of  which  is  triangular  in  outline,  while  the  inner  is  pynform,  but 
in  each  case  the  surface  is  vertical. 

Lijfataeilts. — The  ligaments  form  a  complete  investment  for  the  joint,  i.e.  a 
capsnla  in  which  the  individual  parts  vary  considerably  in  strength,  and  are 
described  under  separate  names. 

The  anterior  ligament  is  an  extremely  thin  membrane,  containing  very  few 
longitudinal   fibres.      It  extends   from    the   lower   border   of   the    tibia   to   the 

Anterior  liifcriortibln-ftl.uUrllR.'n'nt  UPP^r   border  of  the   hcod  Of 

inwnuii  ^^^  astragalus,  passing  in 
Art  !i'e™d'"    fi^nt  of  a  pod  of  fat  which 

'"'  iig-oinitot  fills  up  the  hollow  above  the 

»iikip.juint  ^^^  ^j  ^^^^  bone. 

The     posterior     ligameiit 

is     attached     to     contigu- 

'^'™  ous     non -articular     borders 

Pg,  of  the  tibia  and  astragalus. 

uIifuMjii    Many   of   its   fibres   radiate 

F«trrioruio-iibiii>r    Tmn.v.nir  inft..f.>r     BjumM  pta  ot  u.t  iuwards   from    the   ext«rnal 

liKfiiDMii  tiiiio-iibni.r  LiLmniRni  malleolus.    This  aspect  of  the 

no.  238.-AKTiciTL*B^^t^iu'A«s^ov  T^Du  M.D ^FiBUL*  WHICH     joint  Is  Bti«ngthened  by  the 

strong,  well-defined,    trans- 
verse ligament  already  described  in  connexion  with  the  inferior  tibio-fibular  joint. 
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The  eztorn&I  I&tenl  ligament  (Figs.  237,  238,  and  240)  is  very  powerful,  and  is 
divisible  into  three  fasciculi,  which  are  distinguished  from  each  other  by  names 
descriptive  of  their  chief  points  of  attachment. 

The  anterior  fasciculus  (lig.  talo-fibulare  aDterius)  is  the  shortest.  It  extends 
from  the  anterior  border  of  the  external  malleolus  to  the  astragalus  immediately  in 
front  of  its  external  articular  surface. 

The  middle  foiHcultis  (lig.  calcaneo-fibulare)  is  a  Btrong  and  rounded  cord.  It 
is  attached  by  one  end  to  the  front  of  the  tip  of  the  external  malleolus,  and  by 
the  other  to  the  outer  side  of  the  os  calcis,  immediately  above  the  groove  for  the 
peroneal  tendons. 

The  posterior  fascicvlus  (lig,  talo-fibulare  poaterius)  is  the  strongest.  It  runs 
transveiBely  between  the  lower  part  of  the  fibular  or  digital  fossa  on  the  inner 
aspect  of  the  malleolus  and  the  posterior  surface  of  the  astr^alus,  where  it  is  attached 


Fiu.  239. — Akklb  and  TARaAL- Joints  prom  the  Tibial  Asfbct. 

to  the  external  tubercle  and  the  adjoining  rough  surface.  Sometimes  this  tubercle 
is  detached  from  the  astragalus,  and  represents  a  separate  bone — the  os  trigonum. 

The  internal  l&temt  li«simeut  (lig.  deltoideum,  Figs.  238  and  239)  has  the  general 
shape  of  a  delta,and  is  even  stronger  than  the  external  ligament.  It  is  attached  above 
to  a  m  irked  impression  on  the  lower  part  of  the  internal  malleolus,  and  below,  in  a 
continuous  layer,  to  the  scaphoid,  astragalus,  and  os  calcis.  In  it  we  may  recog- 
nise the  following  special  bands— (a)  the  lig.  talo-tiUale  anteriua,  which  extends 
from  the  front  of  the  inner  malleolus  to  the  neck  of  the  astragalus ;  (b)  the  lig. 
talo-tihiale  potterius,  stretching  between  the  back  of  the  inner  malleolus  and  the 
postero-internal  rough  surface  of  the  astragalus ;  (c)  the  lig.  tibio-iiavicvlare.  which 
extends  from  the  tip  of  the  inner  mn!leolus  to  the  inner  side  of  the  scaphoid;  {d) 
the  lig.  caleaneo-tibtale,  which  extends  between  the  tip  of  the  inner  malleolus  and 
the  inner  side  of  the  sustentaculum  tali ;  («)  lig.  ttuo-HMale  profundum,  which 
consists  of  deeper  fibres  extending  from  the  tip  of  the  internal  malleolus  to  the 
inner  side  of  the  aetr^alus. 

SynoTial  membirane  lines  the  capsular  ligament,  and,  as  already  described,  the 
jointH»vity  communicates  directly  with  the  inferior  tibio-tibular  joint.  Both  at 
the  front  and  back  of  the  ankle-joint,  as  well  as  superiorly  in  the  angle  formed  by 
the  three  bones,  the  synovial  membrsue  covers  pads  of  fat. 


308  THE  ARTICULATIONS  OR  JOINTS. 

Hovementa  at  the  AnUe-Joint — In  ilie  erect  altiliidc  the  fmt  is  placed  al  right  anglrn  lo 
the  leg ;  in  other  words,  the  nuriual  position  of  tlie  ankle-joint  i*  flexlDIL  Tliu^  iiioveiueiiL> 
wliich  tend  to  diminisli  the  angle  no  formed  by  the  dorsum  of  the  foot  and  the  front  of  the 
teg  are  called  doniflexlDii,  while  those  which  tend  to  increase  the  angle,  i.e.  to  straighten  Ihe 
foot  upon  the  leg,  are  called  extension.  Ah  a  matter  of  fact  neither  dorsi  flex  inn  nor  i^xteneion 
ie  ever  completely  carried  out,  and  the  range  of  movement  of  which  the  foot  ia  capable  is  limitMl 
to  about  90'.  Thcj<e  inovementH  occur  about  an  obliquely  transverse  axis,  as  is  indicated  by  Ifae 
natural  outward  pointing  of  the  toes.  The  weight  of  the  body  falls  slightly  anterior  to  the  anklo- 
joint,  80  that  a  certain,  amount  of  muscular  action  is  necessitated  in  orier  tn  maintain  ihe  foot  at 
right  angW  to  the  leg ;  but  additional  sl«bility  is  obtained  from  the  obliquity  above  mentiontrd. 

When  the  foot  is  raised  from  the  ground,  muscular  action  tends  naturally  to  produce  a  certain 
amount  of  extension.  When  the  foot  is  extended,  as  in  ntauding  on  the  toes,  the  hinder  narrow 
part  of  the  astragalus  moves  forwards  into  the  wider  part  of  the  inter\-al  Ivctwceu  Ihe  tibia  and 
fibula,  whereas  in  dorsiflexion,  as  in  raising  Ihe  fore  part  of  the  foot  from  the  ground,  the  widest 

art  of  the  astragalus  is  forced  back  between  the  tibia  and  fibula  ;  but  notwillislanding  the  dil- 
vnre.  between  thexe  two  movements,  the  libidn  n'mains  in  close  contact  with  the  astragati»  by 
reason  of  the  action  of  the  traiiHvcrse  inferior  libio-fibular  ligament  iind  the  posterior  talo-fibular 
ligament,  so  that  lateral  movement  is  prevented. 

It  is  doubtfid  whether  lateral  movement  at  the  ankle-joint  caq  be  obtained  by  any  natural 
movement  of  the  foot,  although  it  is  gencrallv  lielieved  that  in  the  position  of  partial  extension 
a  small  amount  of  lati^ral  movement  niay  'be  produce^l  by  the  application  of  external  force. 
"This  apparent  play  "  of  the  ankle-joint  iliiring  extension  "is  really  due  t«  oscillation  of  ibr 
Miuall  bones  of  the  Iwt  on  each  other,  largely  of  the  scaphoid  on  the  astragalus,  but  also  of  the 
cuboid  on  the  calcaneiim.  Exce«>ive  mobility  of  these  latter  is  restrained  by  an  important 
function  of  the  posterior  tubercle  of  the  culioid  which  locks  into  a  notch  in  the  iia  i^li'is "' 
(Blake). 

INTEHTAKSAL  JOINTS. 

These  joiiits  (articulationes  intertarBe8e)are  all  diarthroses  in  which  the  gliding 
movement  ischaracterifitic,a'<  in  the  carpus.    With  the  view  of  obtaining  a  proper  con- 


ception of  the  many  beautiful  mechaDictil  principles  involved  in  theconetruction  of  the 
foot,  it  is  necessary  to  study  these  articulations  with  consitlerabie  attention  to  detail. 

Articnlatio  Talo-calcanea.— The  astragalus  and  os  calcis  articulate  with  each 
other  in  the  articnlatio  talo-calcanea  or  calcaneo-astragaloid  joint 

This  joint  is  situated  between  the  inferior  facet  on  the  body  of  the  astr^alus 
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aad  a  correspoading  facet  on  the  upper  aspect  of  the  hinder  part  of  the  os  calcia 
Un  each  bone  the  articulation  is  limited  in  front  by  a  wide,  deep  groove  which 
nins  obliquely  acroea  each  bone  from  within  outwards  and  forwards. 

The  supporting  and  investing  ligaments  form  a  capsule,  conebting  for  the  most 
part  of  short  fibres,  but  the  joint  derives  additional  strength  from  the  external  and 
internal  lateral  ligaments  of  the  ankle-joint.  The  capsule  is  subdivided  into  the 
foUowiag  astragalo-calcaueal  or  talo-calcaneal  bands : — 

The  anterior  talo-calcaneal  ligament  couBists  of  a  band  of  short  fibres 
placed  immediately  in  relation  to  the  anterior  end  of  the  dpep  groove  which 
bounds  the  articular  facets. 

They  are  attached   to  the  sHrnweon 

antero  -  external  aspect  of  f"riiai<ior 

the  neck  of  the  astragalus.        scapi  -fiiccofeiEtcmai 

from   which    they   extend  ™^nM-sM|X!i'i 

downwards  to  the  adjacent 
superior  surface  of  the  on 
i^ilcis. 

The   external    talo-cal-    ^^^^d  [nt>'ru>.«>n>  r.i- 

canoal  ligament  (Fig.   240j    ■;.;i-^^  iT^^'t"*''''''' 

is   in  continuity  with  the    TKn.iom  Artimiir .ursw 

hinder  border  of  the  pre-      i»«titr  ™iry^l^t«wit.-. 

ceiling  ligament,  and  it  Ik 
placed   parallel  to,  lint  on    '''^'•""J 
a  deeper  plane   than,  the 
middle    fasciculus    of    the 

external    lateral    ligament  oncoicn 

of  the  ankle-joint.  It  con- 
aifita  of  short  fibres  passing 
l)etweeQ  the  adjacent  rougli 
outer  margins  of  the  two 
bones. 

The  posterior  talo-cal- 
caneal ligament  (Fig.    240)      Fia.2«.— Tub  Couposite  Anncui.Ait  Sockit  vor  the  H«ad  ok 

closes  the  joint-cavity  on  its  

posterior  aspect.  It  consists  of  fibres  which  radiate  from  the  posterior  a.spec-t  of 
the  external  tubercle  of  the  astragalus  to  the  upper  surface  of  the  os  calcis, 
immediately  behind  the  articular  facet. 

The  internal  talo-calcaneal  ligament  he^  ol>liquely  on  the  inuer  side  of  the  Joint, 
and  consiste  of  fibres  which  extend  from  the  inner  posterior  tubercle  of  the 
aatriigalua  to  the  hinder  roughened  border  of  the  sustentaculum  tali.  Some  of  its 
fibres  become  continuous  with  the  internal  ea lea neo -scaphoid  ligament. 

The  interoaeeons  talo-calcaneal  ligament  (Fig.  240)  closes  the  antero- internal 
lispect  of  the  joint.  It  is  the  strongest  of  the  series  of  ligaments  entering  into  the 
capsule.  Compared  with  it  the  other  bands  are,  comparatively  speaking,  insigni- 
ficant. Its  attachments  are  to  the  bottom  of  each  groove,  so  that  it  occupies  the 
tarsal  canal  formed  by  these  opposing  groovea 

A  synoTial  memlnvte  lines  the  capsule,  and  it  is  distinct  from  other  tarsal 
sjTiovial  membranes. 

Articnlatio  Talo-calcaneo-naviculariB.^ — This  is  one  of  the  most  important  of 
the  joints  of  the  foot,  not  only  because  the  astragalus  is  here  situated  in  relation 
to  the  summit  of  the  antero-posterior  arch  of  the  foot,  but  because  the  head  of 
the  astragalus  is  received  into  a  composite  socket  made  up  of  sustentaculum  tali, 
scaphoid,  and  the  inferior  or  internal  calcaneo-scaphoid  ligament. 

The  articular  surface  on  the  head  of  the  astragalus  presents  anteriorly  a 
convex  rounded  facet  for  articulation  with  the  scaphoid,  inferiorly  a  convex  facet 
which  rests  upon  the  sustentaculum  tali,  and  intermediate  between  these  two  there 
is  a  triangular  facet  which  articulates  with  the  inferior  calcaneo-scaphoid  ligament. 
All  these  facets  are  in  continuity  with  each  other,  and  are  in  front  of  the  tarsal 
groove  on  the  under  surface  of  the  astragalus.     Occasionally  a  fourth  narrow  facet  is 
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found  along  the  outer  and  hinder  part  of  the  articular  surface  of  the  head  of  the 
astragalus,  whereby  it  articulates  with  superior  or  external  caloaneo-scaphoid  ligament 

The  scaphoid  or  navicular  hone  presents  a  shallow,  cup-shaped,  articular  cavity 
towards  the  head  of  the  astragalus. 

The  articular  surface  of  the  sustentaculum  tali  is  concave,  and  is  usually  marked 
off  into  two  frtcets. 

Two  ligaments  play  an  important  part  in  binding  together  the  oe  calcis  and 
the  scaphoid,  although  these  bonea  do  not  directly  articulate ;  and  further,  theae 
ligamenta  provide  additional  articular  surfaces  for  the  head  of  the  astragalus, 
liese  are  the  two  following : — 

(a)  The  inferior  or  internal  calcaneo-scaphoid  ligament  (Figs.  239  and  242)  is  an 
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extremely  powerful  fibro-cartilaginoua  tie-band.  It  extends  between  the  anterior 
margin  of  the  sustentaculum  tali  and  the  inferior  surface  of  theseaphoid  bone.  Certain 
of  its  upper  fibres  radiate  upward.s  on  the  inner  surface  of  the  scaphoid,  and  becomt; 
continuous  with  the  tibio-navicular  portion  of  the  deltoid  hgament  of  the  ankle- 
joint.  The  plantar  aspect  of  this  ligament  is  in  contact  with  the  tendon  of  the 
tibialis  posticus  muscle,  through  which  the  head  of  the  talus  receives  great  8upi>ort. 
Superiorly  it  contributes  an  articular  surface  which  forma  a  triangular  portion  of 
the  floor  of  the  composite  socket  in  which  the  head  of  the  talus  is  received. 

(b)  The  saperior  or  external  calcaneo-scaphoid  ligament  (Fig.  241)  lies  deeply 
ia  the  front  part  of  the  sinus  tarsi,  ie.  the  interval  between  the  astragalus  and  od 
calcis.  Its  fibres  are  short,  and  extend  from  the  dorsal  surface  of  the  front  part  of 
the  OS  calcis,  immediately  to  the  outer  side  of  the  sustentacular  facet,  forwards  to 
the  outer  side  of  the  scaphoid  bone.     Frequently  the  ligament  presents  a  surface 
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which  articulates  with  the  head  of  the  astragalus,  and  in  these  cases  it  forms  a  part 
of  the  composite  socket. 

The  cavity  of  the  talo-calcaneo-navicular  joint  is  closed  posteriorly  by  the 
interosseous  talo-calcaneal  ligament  already  described.  On  its  inner  and  outer 
inferior  aspects  it  is  closed  by  the  calcaneo-scaphoid  ligaments. 

The  superior  and  lateral  aspects  are  covered  by  an  astragalo-scaphoid  membrane 
or  ligament:  This  ligament  is  thin,  and  extends  from  the  upper  non-articular  area 
on  the  head  of  the  astragalus  to  the  dorsal  surface  of  the  scaphoid  bone.  It  may 
be  subdivided  into  dorsal  (superior),  lateral  (external),  and  medial  (internal), 
astragalo-scaphoid  ligaments  (Fig.  239),  which,  with  the  calcaneo-scaphoid  and 
interosseous  talo-calcaneal  Ugaments,  complete  the  capsular  investment  of  the  joint. 

A  distinct  synovial  membrane  lines  all  parts  of  the  capsule  of  the  joint. 

Articiilatio  Galcaneo-cnboidea. — This  is  situated  between  the  anterior  concavo- 
convex  surface  of  the  os  calcis  and  the  posterior  similar  surface  of  the  cuboid. 

The  ligaments  which  invest  this  joint  constitute  a  calcaneo-cuboid  capsule,  whose 
parts  are  arranged  in  relation  to  tlie  four  non-articular  sides  of  the  cuboid  bone, 
and  are  especially  strong  upon  the  plantar  aspect,  in  relation  to  their  great  import- 
ance in  resisting  strains. 

The  internal  calcaneo-cuboid  ligament  occupies  part  of  the  interval  between 
the  astragalus  and  os  calcis — sinus  tarsi.  It  is  sometimes  called  the  interosseous 
calcaneo-cuboid  ligament,  and,  in  conjunction  with  the  superior  or  external 
calcaneo-scaphoid  ligament,  it  forms  a  V-shaped  structure,  of  which  the  single  end 
is  attached  to  the  os  calcis,  and  the  double  ends  separate  to  reach  contiguous 
areas  on  the  scaphoid  and  cuboid  respectively. 

The  dorsal  calcaneo-cuboid  ligament  (Fig.  240)  is  a  broad  portion  of  the  capsule 
extending  between  the  dorsal  surfaces  of  the  two  bones. 

The  external  calcaneo-cuboid  ligament  is  another  but  narrower  part  of  the 
capsule  which  extends  from  the  outer  aspect  of  the  os  calcis  to  the  outer  side  of 
the  cuboid,  immediately  behind  the  facet  on  the  tuberosity. 

The  inferior  calcaneo-cuboid  ligaments  are  two  in  number — a  superficial  and  a 
deep.  The  superficial  series  of  fibres,  the  long  plantar  ligament  (Fig.  242),  is 
attached  to  the  under  surface  of  the  os  calcis  in  front  of  its  tuberosities.  It  forms 
a  long  powerful  structure  which  runs  forwards  to  be  fixed  to  the  under  surface  of  the 
cuboid  ridge,  but  many  of  its  fibres  pass  superficial  to  the  tendon  of  the  peroneus 
longus,  and  extend  to  the  bases  of  the  third,  fourth,  and  fifth  metatarsal  bones. 

The  deep  series  of  fibres,  the  short  plantar  ligament  (Fig.  242),iB  distinctly  separated 
from  the  former  by  a  layer  of  areolar  tissue.  It  forms  a  broad  but  short  band  of  great 
strength,  which  is  attached  to  the  under  surface  of  the  front  end  of  the  os  calcis, 
and  extends  to  the  under  surface  of  the  cuboid  just  behind  the  ridge.  Both  of 
these  ligaments  are  of  great  importance  in  maintaining  the  longitudinal  arch  of  the 
foot,  and  in  this  respect  are  only  second  to  the  inferior  calcaneo-scaphoid  ligaments. 

A  83rnovial  membrane  lines  the  capsule. 

Transverse  Tarsal  Articnlation. — This  is  a  term  sometimes  applied  to  the 
astragalo-scaphoid  and  calcaneo-cuboid  joints.  These  articulations  do  not  com- 
municate with  each  other;  and  although  there  is  an  occasional  direct  articula- 
tion between  the  scaphoid  and  cuboid,  it  does  not  constitute  an  extension  of  the 
transverse  tarsal  joint,  but  is  a  prolongation  from  the  series  of  scapho-cuneiform 
and  cuneo-cuboid  articulations. 

Nevertheless  there  is  always  a  eet  of  ligaments  which  bind  the  scaphoid  and 
cuboid  bones  together,  and  these  may  be  regarded  as  accessory  to  the  various 
transverse  tarsal  joints. 

The  dorsal  scapho-cnboid  ligament  (Fig.  240)  consists  of  short  oblique  fibres  which 
attach  the  contiguous  dorsal  surfaces  of  the  cuboid  and  scaphoid  bones. 

The  plantar  scapho-cnboid  ligament  is  transverse  in  direction,  and  extends 
between  adjacent  plantar  areas  of  the  cuboid  and  scaphoid  bones. 

The  interosseous  scapho-cnboid  ligament  intervenes  between  contiguous  surfaces 
of  the  same  bones.  When  there  is  an  extension  of  the  scapho-cuneiform  joint  back- 
wards between  the  scaphoid  and  cuboid,  it  is  situated  in  front  of  the  last-men- 
tioned ligament,  and  is  called  the  articulatio  scapho-cnboidea.     Around  this  joint 
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the  preceding  ligaments  are  grouped.     Since,  however,  the  joint  is  inconstant  while 
the  ligaments  are  always  present;  it  is  preferable  to  consider  them  as  above  indicated. 

Scapho-cnneiform  Articulation  (articulatio  cuneo-navicularis). — This  joint  is 
situated  between  the  scaphoid  and  the  three  cuneiform  bone&  The  anterior  surface 
of  the  scaphoid  presents  facets  for  each  of  the  cuneiform  bones,  but  its  articular  surface 
is  not  interrupted.  These  facets  form  a  somewhat  convex  anterior  fiurface  which  fits 
into  the  shallow  articular  concavity  presented  by  the  proximal  ends  of  the  three 
cuneiform  bones.  This  joint  may  be  extended  by  the  occasional  scapho-cuboid 
articulation  already  referred  to. 

The  capsule  is  composed  of  short,  strong  bands  which  are  distinctly  visible 
on  all  sides  except  towards  the  cuboid  bone,  where  the.  joint  may  communicate 
with  the  cuneo-cuboid  and  scapho-ouboid  joints.  Anteriorly  the  joint  communi- 
cates with  the  intercuneiform  articulations  The  dorsal  parts  of  the  capsule  ate 
short  longitudinal  bands  termed  dorsal  scapho-coneifonn  ligaments  (Figs.  239  and 
240).  These  extend  without  interruption  to  the  inner  aspect  of  the  joint. 
Inferiorly  there  are  similar  bands,  known  as  plantar  scapho-cuneiform  ligaments, 
also  longitudinal  in  direction,  but  intimately  associated  with  offsets  fix>m  the 
tendon  of  the  tibialis  posticus  muscle. 

The  synovial  membrane  which  lines  the  capsule  sends  prolongations  forwards  on 
each  side  of  the  middle  cuneiform  bone,  and  in  addition  it  often  communicates 
with  the  cuneo-cuboid  joint  cavity,  and  it  always  communicates  with  the  scapho- 
Guboid  cavity  when  that  joint  exists. 

Intercuneiform  Articulations. — These  are  two  in  number,  and  exist  between 
adjacent  contiguous  surfaces  of  the  three  cuneiform  bones.  These  surfaces  are  partly 
articular  and  partly  non>articular.  The  small  size  of  the  middle  cuneiform  bone 
allows  the  internal  cuneiform  as  well  as  the  external  cuneiform  to  project  forwards 
beyond  it  on  both  sides,  and  therefore  the  articular  surfaces  turned  towards  the  middle 
cuneifoim  are  not  entirely  occupied  by  that  bone.  They  form  a  recess  towards 
the  metatarsus,  into  which  the  base  of  the  second  metatarsal  bone  is  thrust 

Dorsal  intercuneiform  ligaments  constitute  fairly  strong  transverse  bands 
which  extend  between  adjacent  dorsal  surfaces  and  invest  the  joint  cavities  in  this 
direction. 

The  plantar  or  interosseous  intercuneiform  ligaments  are  two  strong  bands 
which  pass  from  the  rough  non-articular  areas  on  opposite  sides  of  the  middle 
cuneiform  to  the  opposing  surfaces  of  the  inner  and  outer  cuneiform  bones.  These 
ligaments  shut  in  the  joint  cavities  inferiorly,  and  also  anteriorly  in  the  case  of  the 
outer  of  the  two  joints. 

The  synovial  membrane  is  an  extension  of  that  which  lines  the  scapho-cuneiform 
joint ;  but  while  it  is  restricted  to  the  outer  of  the  two  joints,  in  the  case  of  the 
inner  one  it  is  prolonged  still  farther  forward  to  the  tarso-metatarsal  series  of  joints. 

Oubo-cnneiform  Articulation. — This  occurs  between  the  rounded  or  oval  facets 
on  the  opposing  surfaces  of  the  cuboid  and  external  cuneiform. 

The  dorsal  cubo-cuneiform  ligament  is  a  flat,  somewhat  transverse  band  which 
closes  the  joint  on  its  superior  aspect,  and  extendB  between  the  dorsal  surfaces  of 
the  two  bones. 

The  plantar  cnbo-cuneiform  ligament  is  difficult  to  determine.  It  is  situated 
subjacent  to  the  long  plantar  ligament,  and  extends  between  adjacent  rough  surfaces 
of  the  two  bones. 

The  interosseous  cubo-cuneiform  ligament  is  the  strongest.  It  closes  the  joint 
cavity  anteriorly,  and  is  attached  to  the  contiguous  non-articular  surfaces  of  the 
two  bones. 

The  synovial  membrane  is  frequently  distinct,  but  at  other  times  the  joint  cavity 
communicates  with  those  of  the  scapho-cuneiform  and  scapho-cuboid  articulations. 

S]movial  Membranes  of  the  Intertarsal  Joints. — Four  and  sometimes  live 
distinct  and  separate  synovial  membranes  may  thus  be  enumerated  in  connexion 
with  the  tarsal  articulations,  viz. :  (1)  talo-calcaneal ;  (2)  talo-calcaneo-navicularis ; 
(3)  calcaneo-cuboid ;  (4)  scapho-cuneiform  and  its  extensions ;  (5)  occasionally 
cubo-cuneiform. 
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The  taiso-metatarsal  joints  are  found  between  certain  articular  facets  on  the 
cuboid  and  three  cuneiform  bones  on  the  one  hand,  and  others  on  the. bases  of  the 
five  metatarsal  bones.  These  articulations  are  associated  with  three  distinct 
synovial  cavities — namely,  an  inner,  middle,  and  outer. 

(1)  The  inner  tarso-metatarsal  articolation  occurs  between  the  distal  convex 
reniform  surface  of  the  internal  cuneiform  bone  and  the  concavo-reniform  surface 
on  the  proximal  aspect  of  the  base  of  the  first  metatarsal  bone. 

Ligaments  which  form  a  capsule  surround  the  articulation.  In  the  capsule  the 
dorsal  and  plantar  tarso-metatarsal  bands  are  its  strongest  parts,  but  it  is  not 
deficient  either  on  the  inner  or  on  the  outer  aspects. 

A  separate  synovial  membrane  lines  the  capsule. 

(2)  The  middle  tarso-metat€u:^al  articulation  is  an  elaborate  joint.  It 
involves  the  three  cuneiform  bones  and  the  bases  of  the  second,  third,  and  part  of 
the  fourth  metatarsal  bones. 

The  articulation  presents  the  outline  of  an  indented  parapet  both  on  its  tarsal 
and  its  metatarsal  aspects.  Thus,  on  its  tarsal  side,  the  inner  and  the  outer  cunei- 
form bones  project  in  front  of  the  middle  cuneiform,  so  that  the  latter  only  presents 
a  distal  surface  to  the  articulation ;  while  the  internal  cuneiform  presents  a  portion 
of  its  external  surface,  and  the  external  cuneiform  presents  both  its  distal  and 
portions  of  its  outer  and  inner  surfaces,  since  it  projects  in  front  of  the  cuboid 
bone.  On  its  metatarsal  side  the  base  of  the  second  metatarsal  bone  fits  into  the 
indentation  between  the  outer  and  inner  cuneiforms,  to  which  it  presents  external 
and  internal  articular  facets,  but  its  proximal  facet  rests  upon  the  distal  facet  of  the 
middle  cuneiform.  The  base  of  the  third  metatarsal  bone  rests  its  proximal  facet 
upon  the  outer  cuneiform.  The  fourth  metatarsal  base  presents  part  of  its  internal 
facet  to  the  external  side  of  the  outer  cuneiform.  In  this  way  the  indentations 
alternate  on  the  two  sides  of  the  articulation,  and  an  extremely  powerful  interlock- 
ing of  parts  is  provided,  which  places  any  marked  independent  movement  of  these 
metatarsal  bones  entirely  out  of  the  question. 

The  dorsal  tarso-metatarsal  ligaments  are  broad,  flat  bands  which  represent  the 
most  distinct  part  of  an  investing  capsule.  They  pass  from  behind  forwards,  and 
while  the  second  metatarsal  bone  receives  three,  t.c.  one  from  each  cuneiform,  the 
third  metatarsal  only  receives  one — ^from  the  external  cuneiform. 

The  plantar  tarso-metatarsal  ligaments  correspond  with  the  foregoing  in  their 
general  arrangement,  but  they  are  weaker.  Tliat  for  the  second  metatarsal  is  the 
strongest.  Oblique  bands  extend  from  the  inner  cuneiform  bone  to  the  second 
and  third  metatarsals. 

The  interosseous  ctmeo-metatarsal  ligaments  are  three  in  number.  The  inner 
connects  the  outer  side  of  the  internal  cuneiform  with  the  inner  side  of  the  base  of 
the  second  metatarsal  bone.  The  middle  connects  the  inner  side  of  the  external 
cuneiform  with  the  outer  side  of  the  base  of  the  second  metatarsal.  The  outer 
connects  the  adjacent  outer  sides  of  the  external  cuneiform  and  third  metatarsal. 

The  synovial  membrane,  which  lines  this  articulation,  sends  a  prolongation  back- 
wards between  the  inner  and  middle  cuneiform  bones,  where  it  opens  into  the 
scapho-cuneiform  joint.  It  is  likewise  prolonged  forwards  upon  both  sides  of  each 
of  the  bases  of  the  second  and  third  metatarsal  bones. 

(3)  The  external  tarso-metatarsal  articulation  is  found  between  the  proximal 
surfaces  of  the  bases  of  the  fourth  and  fifth  metatarsal  bones  and  the  distal  surface 
of  the  cuboid. 

The  investing  capsule  may  be  resolved  into  the  following  ligaments : — 

The  dorsal  tarso-metatarsal  ligaments  resemble  those  already  described.  The 
l>ase  of  the  fourth  metatarsal  receives  one  from  the  external  cuneiform  and  one 
from  the  cuboid.     The  base  of  the  fifth  metatarsal  receives  one  from  the  cuboid. 

The  plantar  tarso-metatarsal  ligaments  are  the  weakest  bands  of  the  series, 
and  consist  of  scattered   fibres  passing  from  the  cuboid  to  the  bases  of  the 
two  metatarsals.    Some   fibres,  which  are  almost  transverse,  extend  from   the 
22 
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external  cuneiform  to  the  fifth  metatarsal,  and  additional  fibres  reach  the  meta* 
tarsals  in  question  from  the  long  plantar  ligament  (calcaneo-cuboid). 

Occasionally  the  tarsal  end  of  the  external  interosseous  (cuneo-metatarsal)  liga- 
ment is  attached  to  the  inner  margin  of  the  cuboid. 

The  Bynovial  membrane  is  restricted  to  this  articulation,  and  merely  sends  a 
prolongation  forwards  between  the  opposing  articulate  aspects  of  the  fourth  and 
fifth  metatarsal  bases. 

INTERMETATARSAL  JOINTS. 

The  intermetatarsal  articulations  are  found  between  adjacent  lateral  aspects  of 
the  bases  of  the  four  outer  metatarsal  bones.  The  articular  facets  are  small,  oval, 
or  rounded  surfaces  which  occupy  only  a  limited  portion  of  the  flattened  contiguous 
surfaces  of  the  bones.  Each  joint  is  provided  with  a  capsule,  which,  however,  is  not 
a  complete  investment,  because  the  three  joint  cavities  are  in  free  communication 
on  their  proximal  aspects  with  the  tarso-metatarsal  joint  cavities — one  with  the 
outer  and  two  with  the  middle.  The  definite  fibres  of  each  capsule  are  situated 
chiefly  in  the  transverse  direction. 

The  dorsal  ligaments  are  short  bands  which  extend  from  one  base  to  the  other. 

The  plantar  and  interosseous  ligaments  are  similarly  arranged,  but  the  latter  are 
the  strongest  and  most  important  members  of  this  series. 

The  synovial  membranes  are  extensions  from  those  which  line  the  outer  and 
middle  tarso- metatarsal  joint  cavities. 

Frequently  a  buisa  is  found  between  the  bases  of  the  first  and  second  metatarsal  bones.  It 
produces  an  appearance  of  indistinct  facetting  upon  these  bones,  and  it  may  communicate  with 
the  inner  tarao-meta tarsal  (cuneo-metatarsal)  joint 

The  transverse  metatarsal  ligament  lies  upon,  and  is  attached  to,  the  non- 
articular  plantar  aspects  of  the  heads  of  all  the  metatarsal  bones.  It  dififers 
from  the  corresponding  ligament  in  the  palm  in  the  fact  that  it  binds  all  the 
metatarsal  bones  together,  whereas  in  the  palm  the  thumb  is  left  free.  It  is 
closely  associated  with  the  plantar  fibrous  plates  of  the  metatarso-phalangeal  joints, 
to  the  plantar  surfaces  of  which  it  contributes  prolongations  termed  ligamenta 
accessoria  plantaria. 

METATARSO-PHALANGEAL  JOINTS. 

Each  of  these  joints  is  a  modified  ball-and-socket  in  which  a  shallow  cup  upon  the 
bases  of  the  first  phalanges  receives  the  somewhat  globular  head  of  a  metatarsal  bone. 

Each  joint  retains  a  modified  capsule  which  invests  the  joint.  Its  only  distinct 
iDands  are  the  ligamenta  collateralia.  These  are  strong  cord-like  bands  which  are 
situated  on  the  inner  and  outer  sides  of  each  joint,  where  they  extend  between 
adjacent  rough  surfaces. 

On  the  dorsal  aspect  ligaments  distinct  from  the  dorsal  expansion  of  the  ex- 
tensor tendons  can  hardly  be  said  to  exist.  The  plantar  aspect  of  the  capsule 
consists  of  a  thick  fibrous  plate,  which  in  the  case  of  the  great  toe  presents 
developed  within  it  two  large  sesamoid  bones.  In  the  other  toes  this  plate  remains 
fibrous  throughout,  and  is  grooved  on  its  plantar  aspect  for  the  accommodation  of 
the  long  flexor  tendons.  It  will  thus  be  seen  that  the  metatarso-phalangeal  joints  are 
constructed  upon  a  plan  very  similar  to  that  of  the  corresponding  joints  in  the  hand 

A  synovial  membrane  lines  the  capsule  of  each  articulation. 

INTERPHALANGEAL  JOINTS. 

Each  toe  possesses  two  interphalangeal  joints  except  the  great  toe,  which  has 
only  one.  Not  unfrequently  in  the  little  toe  the  distal  joint  is  obliterated  through 
ankylosis.  All  the  joints  of  this  series  are  uniaxial  or  hinge  joints.  The  nature 
of  the  articular  sur&ces  closely  resembles  the  corresponding  joints  in  the  fingers. 

Each  joint  possesses  a  capsule  which  is  either  very  thin  or  limited  to  synovial 
membrane  on  the  dorsal  Eispect.     The  plantar  surface  of  the  capsule  is  strength* 


INTERPHALANGEAL  JOINTS.  315 

ened  by  a  fibrous  plate.  The  lateral  ligaments  (ligamenta  coUateralia)  are  well- 
defined  bands  similar  to  those  already  described  in  connexion  with  the  metatarso- 
phalangeal joints. 

A  Bynovial  membrane  lines  each  capsule  in  the  series. 

Mecbanism  of  ibe  Foot — The  bones  of  the  foot  are  arranged  in  the  form  of  a  longitudinal 
and  a  transveiae  arch.  The  longitudinal  arch  is  built  on  a  very  remarkable  plan.  Posteriorly 
the  mass  of  the  oe  calcis  constitutes  a  rigid  and  stable  pier  of  support,  while  anteriorly,  by  increasing 
the  number  of  component  parts,  the  anterior  pier  acquires  great  flexibility  and  elasticity  without 
sacrificing  stren^h  or  stability.  The  summit  of  the  arch  is  formed  by  the  astragalus,  which 
receives  tne  weight  of  the  body  firom  the  tibia,  and  the  resilience  of  the  arch  is  assured  by  the 
calcaneo-scaphoid  and  calcaneo-cuboid  ligaments,  together  with  the  plantar  fascia,  which  act  as 
nowerful  braces  or  tie  bands,  preventing  undue  separation  of  the  piers  of  the  arch,  and  consequent 
nattening  of  the  foot  The  weight  of  the  body  is  distributed  over  all  the  five  digits,  owing  to 
the  arrangement  of  the  bones  of  the  foot  in  two  parallel  columns,  an  inner  and  an  outer.  The 
former,  consisting  of  the  astragalus,  scaphoid,  and  the  three  cuneiforms,  with  the  three  inner 
metatarsal  bones,  distributes  weight  through  the  talo-scaphoid  joint,  while  the  latter  {i.e,  the 
outer  column),  comprising  the  calcaneum,  cuboid,  and  the  two  outer  metatarsal  bones,  acts  in  a 
similar  manner  through  the  talo-calcanean  joint  The  main  line  of  immobility  of  this  arch 
|>aB8es  from  the  heel  forwards  through  the  middle  toe,  but  its  anterior  section,  which  is  slender, 
is  supported  on  either  side  by  two  metatarsal  bones,  with  their  proximal  tarsal  associations,  in 
all  of  which  greater  freedom  of  movement  \&  found.  The  transverse  arch  is  most  marked  at  the 
level  of  tarso-metatarsal  articulations.  The  intersection  of  these  two  arches  at  right  angles  to 
each  other  introduces  an  architectural  feature  of  great  importance  in  connexion  with  the 
support  of  heavy  weights.  These  longitudinal  and  transverse  arches  of  the  foot  are  in  effect 
'^  vaults  "  intersecting  each  other  at  right  angles,  and  in  relation  to  the  ai'ea  which  is  common  to 
both  'faults''  the  body  weight  is  superposed  exactly  as  the  dome  of  a  cathedral  is  carri^ 
upon  two  intersecting  vaulta 

Movements  at  uie  Joints  of  Tarsus,  Metatarsus,  and  Pbalangea— Considered  in  detail, 
the  amount  of  movement  which  takes  place  between  au^  two  of  these  bones  is  extremely  small, 
and,  so  far  as  the  tarsus  and  metatarsus  are  concerned,  it  is  mostly  of  the  nature  of  a  gliding 
motion. 

At  the  metatarso-phalangeal  and  interphalangeal  joints  movement  is  much  more  free,  and 
is  of  the  nature  of  flexion  (binding  of  the  toes  towards  the  sole  of  the  foot,  i^e.  plantar  flexion) 
and  extension.  The  latter  movement  when  continued  so  as  to  raise  the  toes  from  the  ground, 
and  bend  or  approximate  them  towards  the  frout  of  the  leg,  is  termed  dorsiflexion.  Coincident 
with  dorsiflexion  there  is  always  associated  a  certain  amount  of  spreading  of  the  toes,  which  is 
called  abdnction,  and  similarly  with  prolonged  flexion  there  follows  a  diminution  or  narrowing 
of  the  transverse  diameter  of  the  front  part  of  the  foot  by  drawing  the  toes  together — a  move- 
ment termed  adduction.  In  the  foot  the  movements  of  aWuction  and  adduction  take  place  iu 
r^aid  to  a  plane  which  bisects  the  foot  antero-poeteriorly  through  the  second  toe,  for  this  toe 
carries  the  nrst  and  second  dorsal  interosseous  muscles. 

Notwithstanding  the  small  amount  of  possible  movement  in  connexion  with  individual 
tarsal  and  metatarsal  joints,  yet  the  sum  total  of  these  movements  is  considerable  as  regards  the 
entire  foot  In  this  way  the  movements  of  inyersion  and  evendon  of  the  foot  result  By 
inversion  we  mean  the  raising  of  the  inner  border  of  the  foot  so  that  the  sole  looks  inwards, 
while  the  toes  are  depressed  towards  the  ground,  and  the  outer  border  of  the  foot  remains  down- 
wards. This  takes  place  chiefly  at  the  talo-calcanean  joint,  but  the  transverse  tarsal  joints  also 
participate. 

Eversion  is  chiefly  the  opposite  of  inversion,  and  the  return  of  the  foot  to  the  normal  position 
of  the  erect  attitude ;  but  under  certain  conditions  it  may  be  carried  further,  so  that  the  outer 
border  of  the  foot  is  raised  from  the  ground,  while  the  inner  border  is  depressed.  In  both  of  these 
movements  there  is  rotation  between  the  astragalus  and  oe  calcis  about  an  oblique  axis  which 
passes  from  the  inner  side  of  the  neck  of  the  astragalus  to  the  outer  and  lower  part  of  the  os 
caldsL 

Of  course  all  the  movements  of  the  foot  are  subordinated  to  its  primary  functions  as  an  organ 
of  support  and  progression.  For  these  purposes  its  longitudinal  and  transverse  arches  are  of 
extreme  importance.  The  longitudinal  arch  resting  on  the  os  calcis  behind  and  the  heads  of 
the  metatarsal  bones  in  front  receives  the  weight  of  the  body,  as  already  explained,  on  the  summit 
of  the  astragalus  in  the  line  of  the  third  toe.  Hence  it  is  that  the  inner  malleolus  appears  to  be 
unduly  prominent  on  the  inner  side  of  the  ankle.  The  transverse  arch  buttresses  the  longitudinal 
one,  and  therefore,  whether  the  body  weight  fall  to  the  outer  or  the  inner  side  of  the  longitudinal 
arch,  it  is  supported  by  a  mechanism  at  once  stable,  flexible,  and  elastic,  or  resilient,  ana  capable 
of  reducing  to  a  minimum  all  jars  that  may  be  received  by  the  fore-part  of  the  foot  As  the  heel 
is  raised  in  the  act  of  walking,  the  weight  is  gradually  transferred  from  the  outer  to  the  inner 
side  of  the  foot,  until  the  foot  finally  leaves  the  ground  with  a  propulsive  movement,  which 
results  from  flexion  of  the  phalanges  of  the  ffreat  toe.  In  this  connexion  it  is  worthy  of  note 
that  the  longitudinal  line  of  greatest  strengtn  is  on  the  inner  side  of  the  longitudinal  arch,  i,e, 
in  relation  to  the  great  toe. 
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MYOLOGY. 
By  A.  M.  Paterson. 

The  movements  of  the  various  parts  and  organs  of  the  body  are  brought  about  by 
the  agency  of  muscle-cells,  which  are  charaxiterised  by  a  special  histological  structure 
and  by  the  special  function  of  contracting  in  length  under  the  influence  of  a  proper 
stimulus. 

There  are  three  classes  of  muscle-cells  :  (1)  the  striated,  and  usually  voluntary 
muscle-cells,  out  of  which  the  skeletal  muscular  system  is  constructed ;  (2)  the  non- 
striated,  involuntary  muscle-cells,  occurring  in  the  walls  of  vessels  and  hollow 
viscera,  etc. ;  and  (3)  the  cardial  muscle-cells,  striated  but  involuntary,  of  which  the 
substance  of  the  heart  is  composed. 

The  following  section  deals  solely  with  the  skeletal  muscles,  the  structure, 
arrangement,  and  mechanical  action  of  which  are  based  upon  a  common  plan. 

The  cells  of  which  the  skeletal  muscles  are  composed  are  long,  narrow,  and 
characterised  by  a  peculiar  stnation,  which  is  dififerent  from  the  striation  of 
the  muscle-cells  of  the  heart;  they  also  differ  both  in  structure  and  function 
from  the  non-striated  muscle-cells  which  occur  in  viscera  and  vessels. 

A  typical  skeletal  muscle  consists  of  a  fleshy  mass  enveloped  in  a  membranous 
aponeurosis  or  fascia,  and  provided  at  its  extremities  or  borders  with  membranous 
or  tendinous  attachments  to  bone,  cartilage,  or  fascia. 

Each  muscle  is  made  up  of  a  number  of  flBUMsicnli  or  bundles,  arranged  together 
in  different  muscles  in  different  ways,  so  as  to  give  rise  to  the  particular  form  of 
the  muscle  in  question.  These  fasciculi  are  connected  together  by  a  delicate 
connective  tissue,  the  perimysium  eztemnm,  continuous  externally  with  the 
aponeurosis  enclosing  the  muscle. 

Each  muscular  bundle  or  fasciculus  is  composed  of  a  number  of  narrow,  elon- 
gated muscle-cells  or  fibres,  held  together  by  a  still  more  delicate  connective  tissue, 
the  perlmsrsinm  internum.  This  tissue  is  connected  on  the  one  hand  with  the  sareo- 
lemma  or  cell-wall  of  the  muscle-cell,  and  on  the  other  hand  with  the  coarser 
tissue  of  the  perimysium  externum  enclosing  the  muscular  bundles. 

By  means  of  these  connective  tissue  envelopes  the  muscle-cells,  the  essential 
agents  of  motor  activity,  are  brought  into  firm  and  intimate  relation  with  the 
osseous  or  other  attachments  of  the  muscle.  Through  the  agency  of  sarcolemma, 
perimysium  internum,  perimysium  externum,  aponeurosis,  and  tendon,  the  muscle- 
cell  when  it  contracts  can  produce  a  precise  and  definite  effect  upon  the  weight  to 
be  moved. 

Each  muscle  is  supplied  by  one  or  more  nerves,  which,  in  their  course 
through  the  muscle,  separate  into  smaller  and  smaller  branches,  ultimately,  by 
their  terminal  filaments  (axons),  forming  special  end-organs  in  relation  to  each 
muscle-cell. 

While  a  muscle  may  thus  be  looked  upon  as  an  organ  endowed  with  particular 
properties,  and  executing  a  definite  movement  in  response  to  a  stimulus  by  the 
simultaneous  contraction  of  its  constituent  cells,  the  various  muscles  may  further 
be  considered  in  groups,  associated  together  by  mode  of  development,  nerve-supply, 
and  co-ordination  of  action.     For  example,  we  speak  of  the  hamstring  musdes  of 
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the  thigh,  the  muscles  of  the  back,  and  the  praBvertebral  muscles — groups  in  which 
separate  muscles  are  associated  together  by  development,  nerve-supply,  and  action. 
In  their  development  the  separate  muscles  arise  from  the  subdivision  of  a  larger 
stratum,  as  in  the  limbs,  or  from  the  fusion  of  segmental  elements  (myotomes),  as  in 
the  case  of  the  axial  muscles ;  the  peripheral  nerves  supplying  skeletal  muscles  are 
distributed,  through  the  plexuses  or  directly,  so  as  to  associate  particular  muscles 
morphologically  and  physiologically,  and  to  secure  a  co-ordinated  movement  by  the 
simultaneous  contraction  of  several  muscles  together. 

FASCLE. 

Beneath  the  skin  there  are  two  (or  in  some  regions  three)  layers  of  tissue  which 
require  consideration :  the  superficial  fascia  (panniculus  adiposus),  the  deep  fascia 
(fascia  lata),  and,  in  animals,  the  panniculus  carnosus  (rudimentary  in  man,  and 
represented  chiefly  by  the  plati/sma  myoides  in  the  neck). 

Saperflcial  Fascia. — The  superficial  fascia  is  a  continuous  sheet  of  areolar 
tissue  which  underlies  the  skin  of  the  whole  body.  It  is  closely  adherent  to  the 
cutis  vera,  and  is  sometimes  termed  panniculiis  adiposus,  from  the  fact  that,  except 
beneath  the  skin  of  the  eyelids,  penis,  and  scrotum,  it  is  always  more  or  less 
impregnated  with  fat.  It  is  traversed  by  the  cutaneous  vessels  and  nerves ;  and 
its  deep  surface,  membranous  in  character,  is  in  loose  connexion  with  the  subjacent 
deep  fascia.     It  is  in  this  layer  that  dropsical  effusions  chiefly  occur. 

Deep  Fascia. — Underneath  the  skin  and  superficial  fascia  is  a  fibrous 
membrane,  bluish  white  in  colour,  devoid  of  fat,  and  in  closest  relation  to  skeleton, 
ligaments,  and  muscles.  This  is  the  deep  fascia.  It  covers,  invests,  and  in  some 
cases  forms  the  means  of  attachment  of  the  various  muscles.  It  has  a  special 
tendency  to  become  attached  to  all  subcutaneous  bony  prominences,  and  to  be 
continuous  with  the  connecting  ligaments.  It  forms  septal  processes,  which 
separate  groups  of  muscles  and  individual  muscles;  enclose  glands  and  viscera; 
and  form  sheaths  for  vessels  and  nerves.  Around  joints  it  gives  rise  to  bands 
which  strengthen  the  capsule  or  limit  the  mobility  of  the  joint,  or,  as  in  the  case 
of  annular  ligaments,  bind  down  the  tendons  passing  over  the  joint.  It  not  only 
ensheathes  vessels  and  nerves,  but  is  perforated  by  those  which  pass  between  super- 
ficial and  deeper  parts. 

The  term  aponeurosis  is  used  in  relation  to  muscles.  It  is  synonymous  with  deep 
fascia,  either  as  an  investing  fascia,  or  as  a  membranous  layer  which  {e,g,  vertebral 
aponeurosis)  performs  at  one  and  the  same  time  the  purpose  of  a  deep  fascia  and 
the  expanded  membranous  attachment  of  a  muscle. 

The  pannicTQus  camosus  is  a  thin  muscular  layer  enveloping  the  trunk  of 
animals  with  a  hairy  or  furry  coat.  It  is  strongly  developed  in  the  hedgehog.  In 
man  it  is  represented  mainly  in  the  (rudimentary)  platysma  myoides.  It  is  placed 
between  the  superficial  and  the  deep  fascia. 

BnrsfiB. — Where  a  tendon  passes  over  a  bony  surface,  or  where  the  superficial 
fascia  and  skin  cover  a  bony  prominence,  there  is  generally  formed  a  synovial 
sac,  or  bursa,  containing  fluid,  for  the  purpose  of  lubricating  the  surface  over 
which  the  tendon  or  fascia  glides.  Allied  to  these  are  the  synovial  sheaths 
which  envelop  tendons  beneath  the  annular  ligaments  in  relation  to  the  several 
joints. 

Description  of  Muscles. — In  studying  the  muscular  system  it  is  necessary  to 
note  the  following  characters  in  reference  to  each  individual  muscle :  (1)  The  shape 
of  the  muscle — flat,  cylindrical,  triangular,  rhomboidal,  etc. — and  the  character  of 
its  extremities — membranous,  tendinous,  or  fleshy.  (2)  The  attachments  of  the 
muscle.  The  origin  is  the  more  fixed  or  central  attachment :  the  insertion  is  the 
more  movable  or  peripheral  attachment.  (3)  The  relatione  of  the  surfaces  and 
borders  of  the  muscle  to  bones,  joints,  other  muscles,  and  other  important  structures. 
(4)  Its  vascular  and  nervous  supply ;  and  (5)  its  action.  It  must  be  borne  in  mind 
that  hardly  any  single  muscle  acts  alone.  Each  muscle,  as  a  rule,  forms  one 
of  a  group  acting  more  or  less  in  harmony  with,  and  antagonised  by,  other  and 
opposite  groups. 
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DESCRIPTION  OF  THE  MUSCLES. 

The  skeletal  muscles  may  be  divided  into  two  series :  axial  and  appendicular. 
The  axial  muscles  comprise  the  muscles  of  the  trunk,  head,  and  face,  including 
the  pannicnlns  camosuB  (platysma  myoides).  These  muscles  are  more  or  less 
segmental  in  arrangement,  grouped  around  the  axial  skeleton.  The  appendicnlar 
muscles,  the  muscles  of  the  limbs,  are  grouped  around  the  appendicular  skeleton. 
They  are  not  segmental  in  arrangement,  they  are  clearly  separate  from  the 
axial  muscles,  and  they  are  arranged  in  definite  strata  in  relation  to  the  bones  of 
the  limbs. 

APPENDICULAR  MUSCLES. 

THE  UPPER  LIMB. 
FASCLE  AND  SUPERFICIAL  MUSCLES  OF  THE  BACK. 

FASCIiE. 

The  auperflcial  fascia  of  the  back  presents  no  peculiarity.  It  is  usually 
of  considerable  thickness,  and  contains  a  quantity  of  fat. 

The  deep  fascia  closely  invests  the  muscles.  It  is  attached  in  the  middle  line 
of  the  back  to  the  ligamentum  nuchse,  supraspinous  ligaments,  and  vertebral  spines ; 
laterally  it  is  attached  to  the  spine  of  the  scapula  and  the  clavicle,  and  is  continued 
over  the  deltoid  region  to  the  arm.  In  the  neck  it  is  attached  above  to  the 
superior  curved  line  of  the  occipital  bone,  and  is  continuous  laterally  with  the  deep 
cervical  fascia.  Below  the  level  of  the  arm  it  is  continuous  round  the  border  of  the 
latissimus  dorsi  muscle,  with  the  fascia  of  the  axilla  and  of  the  abdominal  walL 
In  the  back  and  loin  it  constitutes  the  vertebral  aponeurosis  or  aponeurosis  of  the 
latissimus  dorsi.  It  conceals  the  erector  spinse  muscle,  forming  the  posterior  layer  of 
the  lumbar  fascia,  and  it  is  attached  internally  to  the  vertebral  spines,  and  externally 
to  the  angles  of  the  ribs,  to  the  lumbar  fascia,  and  to  the  iliac  crest 

The  Superficial  Muscles  of  the  Back. 

The  muscles  of  the  back  are  arranged  in  four  series  according  to  their  attach- 
ments: (l)vertebro-scapularandvertebro-humeral;  (2)vertebro-co8tal;  (3)vertebro- 
cranial ;  and  (4)  vertebral.  The  ifirst  of  this  series  consists  of  the  posterior  muscles 
connecting  the  upper  limb  to  the  trunk,  and  comprises  the  first  two  layers  of  the 
muscles  of  the  back — (1)  trapezius  and  latissimus  dorsi,  and  (2)  levator  anguli 
scapuUe  and  rhomboidei  (major  and  minor).  The  deeper  (axial)  muscles  of  the  back 
are  dealt  with  later. 

The  trapezius  (m.  trapezius,  cucullaris)  is  a  large  triangular  muscle  occupying  the 
upper  part  of  the  back.  It  arises  from  the  superior  curved  line  of  the  occipitalTione 
in  its  inner  third,  from  the  external  occipital  protuberance  (Fig.  312,  p.  397),  from 
the  ligamentum  nuchoe,  from  the  spines  of  the  seventh  cervical  and  all  the  thoracic 
vertebrae,  and  the  corresponding  supra-spinous  ligaments.  The  origin  is  by  direct 
fleshy  attachment,  except  in  relation  to  the  occipital  bone,  the  lower  part  of  the 
neck,  and  the  lower  thoracic  vertebrae,  in  which  places  the  origins  are  tendinous. 
From  their  origin  the  muscular  fibres  converge  towards  the  bones  of  the  shoulder, 
to  be  inserted  conti-^nously  from  before  backwards  as  follows :  (1)  The  occipit>al 
and  upper  cervical  fibres — into  the  posterior  surface  of  the  clavicle  in  its  outer 
third  (Figs.  243,  p.  319,  and  248,  p.  324) ;  (2)  the  lower  cervical  and  upper 
thoracic  fibres — into  the  inner  border  of  the  acromion  process,  and  the  upj)er 
border  of  the  spine  of  the  scapula;  and  (3)  the  lower  thoracic  fibres,  by  a 
triangular  flat  tendon,  beneath  which  a  bursa  is  placed — into  a  rough  tuberosity 
at  the  base  of  the  spine  of  the  scapula  (Fig.  299,  p.  383).  The  fibres  inserted 
into  the  clavicle,  acromion,  and  the  upper  border  of  the  spine  of  the  scapula,  spread 
over  the  adjacent  subcutaneous  surfaces  of  these  bones  for  a  variable  distance. 
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The  occipital  portion  of  the  muscle  may  be  in  the  form  of  a  separate  slip,  or  may 
be  entirely  absent. 

The  trapezius  is  superficial  in  its  whole  extent.  Its  upper  lateral  border  forms 
the  posterior  limit  of  the  posterior  triangle  of  the  neck.  The  lower  lateral  border, 
passing  over  the  upper  edge  of  the  latissimus  dorsi  and  the  vertebral  border  of  the 
scapula,  forms  a  boundary  of  the  so-called  triangle  of  auscultation  completed  below 
by  the  latissimus  dorsi,  and  externally  by  the  vertebral  border  of  the  scapula.  This 
space  is  partly  filled  up  by  the  rhomboideus  major.  The  deep  surface  of  the  muscle 
is  in  contact  with  the  complexus,  splenius  capitis,  omohyoid,  supraspinatus,  levator 
anguli  scapulffi,  rhomboidei,  serratus  posticus  superior,  erector  spinae,  and 
latissimus  dorsi  muscles.  The  spinal  accessory  nerve,  branches  of  the  cervical 
plexus  (C.  3.  4),  and  of  the  superficial  cervical  and  posterior  scapular  arteries,  are 
situated  beneath  the  muscle. 

The  latissimus  dorsi  is  a  large  triangular  muscle  occupying  the  lower  part  of 
the  back.     It  has  a  triple  origin.    The  greater  part  of  the  muscle  arises — (1)  from 


Pectoralis  mi^or  (origin) 

Deltoid  (origin)  . 

^^^*^*^v^ 

>4!H 

*               Sterna-cIeido-inAfltoiil     ^^'^^^^ 
,              (clavicular  nrigin)                   ^*^^ 

Sterno-hyoid  (origin)                                      ^^^ 

Trapezius  (insertion)--''^ 
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the  vertebral  aponeurosis  (posterior  layer  of  the  lumbar  fascia  or  aponeurosis  of  the 
latissimus  dorsi).  This  is  a  thick  membrane  which  conceals  the  erector  spinae  in 
the  lower  part  of  the  back.  Through  it  the  latissimus  dorsi  gains  attachment  to 
the  spines  of  the  lower  six  thoracic  vertebrae,  the  spines  of  the  lumbar  vertebrae, 
and  the  tendon  of  the  erector  spinae  with  which  the  aponeurosis  blends  below.  It 
also  arises  more  externally  by  fleshy  fibres  from  the  posterior  part  of  the  iliac  crest. 
From  this  origin  the  muscle  is  directed  upwards  and  outwards,  its  fibres  converging 
to  the  lower  angle  of  the  scapula.  In  relation  to  its  upper  and  outer  borders 
additional  fibres  arise.  (2)  Along  the  outer  border  muscular  slips  arise  from  the 
lower  three  or  four  ribs,  inter-digitating  with  the  origins  of  the  obliquus  externus 
abdominis.  (3)  As  the  upper  border  of  the  muscle  passes  horizontally  over  the 
lower  angle  of  the  scapula,  an  additional  fleshy  slip  usually  takes  origin  from  this 
part  of  the  bone  to  join  the  muscle  on  its  deep  surface  (Fig.  245,  p.  321). 

Beyond  the  lower  angle  of  the  scapula  the  latissimus  dorsi,  greatly  narrowed, 
curves  spirally  round  the  teres  major  muscle,  and  forms  the  prominence  of  the 
posterior  axillary  fold.  It  ends  in  a  ribbon-like  tendon,  closely  adherent  at  first  to 
the  teres  major,  which  is  inserted  into  the  floor  of  the  bicipital  groove  of  the 
humerus,  extending  for  about  three  inches  below  the  lower  and  outer  part  of  the 
leaser  tuberosity  (Fig.  253,  p.  329).  It  is  placed  behind  the  coraco-brachialis  and 
biceps,  and  the  axillary  vessels  and  nerves,  and  in  front  of  the  insertion  of  the  teres 
major,  from  which  it  is  separated  by  a  bursa. 

In  the  back  the  latissimus  dorsi  is  superficial,  except  in  its  upper  part,  which  is 
concealed  by  the  trapezius.  It  lies  upon  the  lumbar  fascia,  serratus  posticus 
inferior,  the  ribs,  and  lower  angle  of  the  scapula,  and  at  its  borders  two  triangular 
spaces  are  formed ;  at  the  upper  border  is  the  so-called  triangle  of  auscultation ;  at 
the  outer  border  is  the  triangle  of  Petit,  a  small  space  bounded  by  the  ihac  crest, 
the  latissimus  dorsi,  and  the  obliquus  externus  abdominis.  This  is  the  site  of  an 
occasional  lumbar  hernia. 

The  levator  anguli  scapulae  (levator  scapulae)  is  a  strap-like  muscle,  arising 
by  tendinous  slips  from  the  posterior  tubercles  of  the  transverse  processes  of  the 
first  three  or  four  cervical  vertebrae,  between  the  attachments  of  the  scalenus 
medius  in  front  and  the  splenius  colli  behind.     It  is  directed  downwards  along  the 
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aide  of  the  neck,  to  be  inflated  into  the  vertebral  botder  of  the  scapula  io  its  upper 
fourth,  from  the  superior  angle  to  the  spiue  (Fig.  245,  p.  321).  It  is  concealed  io 
its  upper  third  by  the  atemo-mastoid  and  deep  muscles  of  the  neck.  In  ita  middle 
third  it  occupies  the  floor  of  the  posterior  triangle.     In  ita  lower  third  it  is  again 


ftlongnppn 
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Flu.  244.— SUrEKt'lCIAL   AIUBOL£B  OF  THB   BaCK. 

hidden  from  view  by  the  trai>eziu8.     It  conceals  the  spleniua  colli  and  cervicalis 
ascendens  muscles. 

The  rhomboidens  minor  may  be  reg.arded  as  a  separated  slip  of  the  rhom- 
boideua  major,  with  which  it  is  often  continuous.  It  arises  from  the  Hgamentum 
nucha  and  the  apinoa  of  the  seventh  cervical  and  first  thoracic  vertebra'.  Parsing 
obliquely  downwards  and  outwards,  it  ia  inserted  into  the  vertebral  border  of  the 


FASCIA  AND  MUSCLES  OF  THE  PECTORAL  REGION.         321 

Rcapula  below  the  levator  anguli  scapulse  muscle,  and  opposite  to  the  base  of  the 
apine  (Fig.  245,  p.  321). 
The  rbomboidens 
m^or  arises  from  the 
spinous  processes  of  the 
thoracic  vertebne  from 
the  Becond.to  the  fifth 
inclusive,  and  from  the 

corresponding  supra-  >idtorigin) 

spinous  ligameuts.  Pass- 
ing downwards  and  out- 
wards, it  Ls  inserted  below 

the   rhomboideus   minor  D*" 

into  the  vertebral  border 
of  the  scapula,  between 

the  spine  and  the  lower  ™pqi^''' 

angle  (Fig.  245,  p  321). 
The  muscle  is  only  in- 
serted directly  into  the 
scapula  by  means  of  its 
lower  fibres.  Its  upper 
part  is  attached  to  a 
membranouaband,  which, 
cfinnected   for  the  most 

part     by    loose    areolar  j 

tissue  to  the  vertebral 
border  of  the  scapula,  is 
fixed  to  the  bone  at  its 
extremities,  above  near 
the  base  of  the  spine,  and 

below      at      the      inferior      Fio.  245.  — Mdbclb.Attachmestb  to  thk  Scapcu.  (Posterior  Surfsce). 

angle. 

The  rhomboid  muscles  are  concealed  for  the  most  part  by  the  trapezius.  The 
loner  part  of  the  rhomboideus  major  is  superficial  in  the  triangle  of  auscultation. 
The  muscles  cover  the  serratua  posticus  superior  and  vertebral  aponeiirosis. 


THE  FASCIA  AND  MUSCLES  OF  THE  PECTORAL  REGION. 
FASCI-E. 

The  superficial  fascia  of  the  chest  usually  contains  a  quantity  of  fat,  in  which 
the  mamma  is  embedded.  The  origin  of  the  platysma  myoides  muscle  lies  beneath 
its  upper  part. 

The  deep  foscia  is  attached  above  to  the  clavicle,  and  internally  to  the 
sternum.  Below  it  is  continuous  with  the  fascia  of  the  abdominal  wall.  It  gives 
origin  to  the  platysma  myoides,  and  invests  the  pectoralis  major.  At  the  outer 
border  of  the  great  pectoral  muscle  it  is  thickened,  and  forms  the  fioor  of  the 
axillary  apace  (axiUary  fosda),  continued  posteriorly  on  to  the  posterior  fold  of  the 
aiilla  (teres  major  and  latissmus  dorsi),  and  externally  into  connexion  with  the 
deep  fascia  of  the  arm. 

OoBto-Coracotd  Membrane. — Beneath  the  pectoralis  major  a  deeper  stratum  of 
fascia  invests  the  pectoralis  minor  muscle.  At  the  upper  border  of  this  muscle  it 
forms  the  costo-coracoid  membrane,  which  passes  upwards  to  the  lower  border  of  the 
subclavius  muscle,  where  it  splits  into  two  layers,  attached  in  front  of  and  behind 
that  muscle  to  the  borders  of  the  under  surface  of  the  clavicle.  The  membrane 
traced  inwards  along  the  subclavius  muscle  is  attached  to  the  first  costal  cartilage ; 
passing  outwards  along  the  upper  border  of  the  pectoralis  minor  it  reaches  the 
coracoid  process.     The  part  of  the  membrane  extending  directly  between  the  first 
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costal  cartilage  and  the  coracoid  process  is  thickeQed  and  forms  the  costo-conctud 
U^ameiit.  The  costo-coracoid  menibraae  is  otherwise  thin  and  of  comparatively 
small  importance.  It  is  pierced  by  the  cephalic  vein,  thoracic  axis  artery'  and 
vein,  and  branches  of  the  external  anterior  thoracic  nerve.  By  its  deep  surface  it  is 
connected  to  the  sheath  of  the  axillary  veesela. 

At  the  lower  horder  of  the  peetoralia  minor  there  is  a  further  extension  of  the 
deep  fascia  heneath  the  pectoralis  major.  It  passes  downwards  to  join  the  fascia 
forming  the  door  of  the  axilla,  and  is  continued  externally  into  the  fascia  covering 
the  biceps  and  coraco-brachinlis  muscles. 


MLSCLES  OF  THE  PECTORAL  REGION. 

The  anterior  muscles  connecting  the  upper  limb  to  the  axial  skeleton  comprisiiv 
the  pectoralis  major,  pectoralis  minor,  subclavius,  serratua  magnus,  and  steroo- 
eleido-mastoid.     The  last  is  described  in  a  later  section. 

The  pectoralis  in^or  is  a  large  fan-shaped  muscle  oiiains  in  three  parts:  (I) 
a  clavicular  portion  arising  from  the  front  of  the  clavicle  in  its  inner  half  or  two- 
thirds  (Figs.  248,  p.  324,  and  243,  p.  319) ;  (2)  a  coslo-slernal  portion,  the  largest 
Bt»niiM;ieido-iii..ioi<i  (origin)  P^"*'  ^^  ^^^  muBcIe,  arising  from  the  anterior 
surface  of  the  pre-sternum  and  meso-stemum 
hy  tendinous  hbres  decussating  with  those  of 
the  opposite  muscle  (Fig.  246,  p.  322) ;  and 
more  deeply  from  the  cartil^es  of  the  tirst  six 
ribs;  (3)  an  abdominal  portion,  a  small  and 
separate  slip,  arising  from  the  aponeurosis  of 
the  obliquus  exteruus  muscle.  The  abdomiaal 
sUp,  at  first  separate,  soon  merges  with  the 
costo-sternal  portion,  but  a  distinct  interval 
usually  remains  between  the  two  first-named 
parts  of  the  muscle.  The  fibres  converge  towards 
the  upper  part  of  the  arm,  and  are  inseparably 
blended  at  a  point  half  an  inch  from  their  in- 
sertion into  the  humerus.  The  muscle  is  inserted 
into  (1)  the  outer  border  of  the  bicipital 
groove  of  the  humerus,  extending  upwards  to 
the  great  tuberosity,  and  blending  externally 
with  the  insertion  of  the  deltoid,  internally 
with  the  insertion  of  the  latissimua  dorsi  (Fiy;. 
253,  p.  329);  (2)  from  the  upper  border  of  the 
insertion  a  membranous  band  extends  upwani» 
to  the  capsule  of  the  shoulder-Joint,  envelopioy 
at  the  same  time  the  tendon  of  the  biceps ;  and 
(3)  from  the  lower  border  a  band  of  fascia  passes 
downwards  to  join  the  fascia  of  the  arm. 

The  arrangement  of  the  fibres  of  the  muscle 

""'"'*      at  its  insertion  is  [peculiar.    The  muscle  is  twisted 

on  itself,  so  that  the  lower  (costo-sternal)  fibres 

are  directed  upwards  and  outwards  behind  the 

upper  (clavicu/ar)  part  of  the  muscle ;  in  conse- 

„     „  ,     „  ,  quence  the  clavicular  part  is  attached  to  the 

Fig.  218.— Ml- sci.e- Attachments  to  the     ^  ,  i  Ti.         .t  .        .  i 

Fbdnt  av  THE  STEHNia.  humerus   lower   down   than   the   co8to-sternal 

portion,  and  is  inserted  also  into  the  fascia  of  the 
arm.  The  twisting  of  the  fibres  is  specially  found  in  the  lower  coeto-stemal  fibres 
of  the  muscle  and  the  abdominal  fibres.  These  curve  upwards  behind  the  upper 
costu-sternal  fibres,  and  are  inserted  highest  to  the  shaft  of  the  humerus,  helping  to 
form  the  fascial  expansion  which  extends  upwards  over  the  biceps  tendon  to  the 
capsule  of  the  shoulder-joint.     In  this  way  a  bilaminar  tendon  is  produced  unit«d 
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ftlong  its  lower  border;  and  consisting  of  a  superficial  lamina  formed  by  the  upper 
costo-stemal  fibres,  blending  for  the  most  part  with  the  tendon  of  the  clavicular 
portion ;  and  a  deep  lamina,  composed  of  the  twisted  lower  costo-stemal  and 
abdominal  fibres.     The  disposition  of  the  muscular  fibres  at  their  insertions  is  the 


FiQ.  247,— AsTBRiou  Muscles  ov  tub  Trunk. 

reason  for  the  application  of  the  terms  portio  attoUtns  to  the  clavicular  portion, 
and  jiortw  tUprimens  to  the  costo-stemal  and  abdominal  portions  of  the  muscle. 

Placed  superficially  on  the  chest  wall,  the  pectoralis  major  forms  the  front 
wall  of  the  axilla,  and  by  its  lower  or  outer  border,  the  anterior  fold  of  the  space. 
Its  upper  border  is  separated  from  the  edge  of  the  deltoid  muscle  by  an  interval 
in  which  lie  the  cephalic  vein  and  humeral  artery.  Its  deep  surface  is  in 
relation  with  the  ribs  and  intercostal  muscles,  the  costo-coracoid  membrane  and 
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the  structurea  piercing  it,  the  pectoralis  minor,  the  axillary  vessels,  and  the  nerves 
of  the  brachial  plexus. 

Sternalia  muscle. — The  steroalia  is  an  occasional  muscle  placed,  when  present,  parallel  to 
the  sternum  upon  the  Btemo-coetal  origin  of  the  pectoralis  major.  It  haa  attachmeDti  whidt 
are  veir  variable  both  above  and  below,  to  the  coetal  cartilages,  etenium,  rectus  sheath,  stemo- 
mastoid,  and  pectoralis  major.  Its  nerve-aupply  is  from  one  or  both  of  the  antBrior  thoracic 
nerves.     In  certain  rare  cases  it  has  been  said  to  be  innervated  by  intercostal  nerves.     It  is 

r resent  in  4'4  cases  out  of  100,  and  it  is  slightly  more  frequent  in  the  male  than  in  the  female. 
t  baa  been  regarded  by  different  observers  as  (1)  a  vestige  of  the  panniciilus  camoeus,  (2)  a 
homologue  of  the  sl«  mo -mas  told,  or  (3)  a  diajilaced  elip  of  the  pectoralis  major. 

Ohondro-epitTocUearis,  dorso-epitrocnlearis,  axillary  arclies,  coBto-coTacoidens.— One 
or  other  of  the  above-named  slips  is  occasionally  present,  crossing  the  floor  of  the  axilla  in  the 
interval  between  the  latiasimiia  dorsi  and  the  pectoralis  major.  They  take  origin  from  the  cwtal 
cartilages,  ribs,  or  borders  of  the  pectoralis  major  {chondTO-epitToehleaTit,  axillary  arehes,  cotto- 
coraeordem),  or  from  the  border  of  the  lati»iimus  dorsi  (dorto-epitrocktearit,  axillary  ardia,  rotto- 
eoratoidem).  Their  insertion  ia  variable.  The  ckondrO'epilTochUarii  and  doreo-epilTOchirnrii  arv 
inserted  into  the  fascia  of  the  arm  on  tlie  inner  side,  the  internal  intermuscidar  septum,  or  the 
internal  condyle  of  the  humerus.  The  axillary  archet  are  inserted  into  the  border  of  tne  pectoralis 
major,  the  fascia  of  the  arm,  or  the  coraco-brachialia  or  biceps  muscle.  The  mglo-coracoideun, 
arising  from  the  ribs  or  the  aponeui'osis  of  the  obliquus  eitemus,  or  detaching  itself  from  the 
border  of  the  pectoralis  major  or  latiseimua  dorsi,  la  attached  to  the  corai:oid  process,  alone  ix 
.  along  with  one  of  the  muscles  attached  to  that  bone.  These  variable  slips  of  muscle  are  supplied 
by  the  internal  anterior  thoracic  nerve,  the  lesser  internal  cutaneous  nerve,  or  the  intertot't"- 
humeraL 

The  pectoralis  minor  is  a  narrow,  flat,  triangular  muscle.  It  arises  from  (1) 
the  outer  surfaces  and  upper  borders  of  the  third,  fourth,  and  fifth  ribs  near  their 
anterior  euds,  and  (2)  from  the  fascia  covering  the  third  and  fourth  intercostal 
spaces  between  these  ribs.  It  may  have  an  additional  origin  from  the  second  rib 
(Fig.  K30,  p.  420)  i  and  that  from  the  fifth  rib  is  often  absent.  Directed  obliquely 
outwards  and  upwards,  it  is  inserted  by  a  short,  flat  tendon  into  the  outer  half  of 
"the  anterior  (inner)  border  and  upper  surface  of  the  coracoid  process  (Fig.  250, 
p.  325),  and  usually  also  into  the  conjoint  origin  of  the  biceps  and  coraco- brachial  is. 
It  is  wholly  concealed  by  the  pectoralis  major,  except  when  the  arm  is  raised, 
when  the  outer  border  of  the  muscle  becomes  superficial.  It  enters  into  the 
formation  of  the  front  wall  of  the  axilla,  and  gives  attachment  along  ite  upper 
border  to  the  costo-coracoid  membrane.  It  crosses  the  axillary  vessels  and  the 
cords  of  the  brachial  plexus,  and  is  pierced  by  branches  of  the  anterior  thoracic 
nerves. 

Either  in  part  or  wholly  the  pectoralis  minor  may  pass  over  the  coracoid  process  of  the 
scapula,  separated  from  it  by  a  bursa,  to  be  inserted  into  the  coraco -acromial  ligament,  < 


the  shoulder-joint  (coraco-humerat  ligament). 

Pectoralis  minimua — This  is  a  slender  slip,  rarely  present,  which  extends  between  the  fir^t 

costal  cartilage  and  the  coracoid  procei^ 

The  snbclavitis  mascle  arises  from  the  upper  surface  of  the  first  costal  cartilage 

in  front  of  the   costo  -  clavicular  ligament,  and  from  the  upper  surface  of  the 

Coi»co-cl«vic-  PectomliB  imOor  (ortgfn) 

'"•P""":  Co.U«Urt«. 

aUrllRmiiHDt 
<rhanboid) 
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distal  end  of  the  first  rib  (Fig.  330,  p.  420).  It  is  inserted  into  a  groove  in  the 
middle  third  of  the  under  surface  of  the  clavicle  (Fig.  248,  p.  324).  The  muscle 
is  invested  by  the  fascia  which  fonns  the  costo-coracoid  membrane,  and  is  concealed 
by  the  clavicle  and  the  clavicubir  origin  of  the  pectoralis  major. 


MUSCLES  OF  THE  PECTORAL  REGION. 


The  sterno-clATicnlaril  ia  a  Bmall  separate 
slip,  rarel;  preeent,  extending  beneath  the  pector- 
ali--  major  from  the  upper  part  of  the  st 
ibe  clavicle. 


The  aeiratUB  magnnB  (m.  seiratuB 
aaterior)  is  a  large  curved  quadrilateral 
muscle  occupying  the  aide  of  the  chest 
and  inner  wall  of  the  axilla.  It  arises  by 
fleshy  slips  from  the  external  aspect  of 
the  tipper  eight  and  occasionally  (as  in 
the  figure)  from  nine  ribs.  The  first  slip 
is  a  double  one,  arising  from  the  first'  two 
ribs  and  the  fascia  covering  the  inter- 
vening space  (Fig.  330,  p.  420).  The 
insertion  of  the  muscle  is  threefold.  (1) 
The  first  portion  of  the  muscle  (from  the 
first  and  second  ribs)  is  directed  back- 
wards to  be  inserted  into  the  ventral 
aspect  of  the  upper  angle  of  the  scapula. 
(2)  The  next  three  slips  of  the  muscle 
(from  the  second,  third,  and  fourth  ribs) 
are  iuserted  into  the  vertebral  border  of 
the  scapula.  (3)  The  last  four  slips 
(from  the  fifth,  sixth,  seventh,  and  eighth 
ribs)  are  directed  obliquely  upwards  and 
backwards,  to  be  inserted   on  the  ventral 


(Anterior  Aspect). 
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aspect  of  the  lower  an^^le  of  the 
scapula  (Fig.  2ri0,  p.  325). 

The  external  surface  of  the 
muscle  is  partly  superficial  below 
the  axillary  spnce,  on  the  side 
wall  of  the  chest,  where  its 
slips  of  origin  are  seen  inter- 
digitating  with  those  of  the 
obliquus  ex  tern  us  abdominis. 
Higher  up  it  forms  the  inner 
wall  of  the  axilla,  and  is  in 
contact  with  the  pectoral  muscles 
in  front  and  the  subscapularis 
behind.  Its  upper  border  ap- 
pears in  the  floor  of  the  pos- 
terior triangle,  and  over  it  the 
axillary  artery  and  the  cords 
of  the  brachial  plexus  pass  in 
their  course  through  the  aimpit. 
The  lower  border  is  oblique, 
nnd  is  in  contact  with  the 
latissimus  dorsi  muscle.  The 
deep  surface  of  the  muscle  is 
in  contact  with  the  chest  wall, 
80  that  the  serratus  magnus 
along  with  the  subscapularis 
muscle  separates  the  scapula 
from  the  ribs.  The  muscle  may- 
extend  higher  than  usual,  so 
as  to  be  continuous  in  the  neck 
with  the  levator  angnli  scapulae. 
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Nerve-Supply. 

The  nerves  supplying  tlie  muscles  connecting  the  upper  limb  to  the  trunk  are  given  in  the 
following  table : — 


MnscleB. 


Trapezius 

Latissimus  dorsi 

Levator  scapulae 

Hhomboidei 

Pectorales 

Subclavius 
Serratus  magnus 


Nerves. 


/  Spinal  accessory  nerve 
I  Cervical  plexus 

Long  subscapular 
r  Cervical  plexus 
I  Posterior  scapular 

Posterior  scapular 
r  External  anterior  thoracic 
\  Internal        „ 

Brachial  plexus 

Posterior  thoracic 


)} 


Origin. 


Spinal  Cord 

C.  3.  4 

C.  6.  7.    a 

C.  a  4 

C.  5. 

C.  5. 

C.  5.  6.     7. 

C.  8.  T.    1. 

C.  5.  6. 

C.  6.  6.     7. 


Actions. 

The  muscles  of  this  group  (together  with  the  stemo-cleido-mastoid  and  omohyoid  muscles)  act 
for  the  most  part  in  the  movements  of  the  shoulder  ffirdle  at  the  stemo-clavicular  and  acromio- 
clavicular joints.  At  the  former  joint  they  produce  tne  various  movements  of  the  clavicle  on  the 
sternum,  and  cause  the  shoulder  to  move  in  an  arc  the  centre  of  which  is  the  stemo-clavicular  joint 
At  the  acromio-clavicular  articulation  thev  produce  a  rotation  of  the  scapula  on  the  clavicle,  and  a 
consequent  alteration  in  the  direction  of  the  glenoid  fossa.  At  the  same  time  the  several  nnuscles 
are  agents  in  other  equally  important  movements,  when  the  shoulder  girdle  is  fixed ;  movements 
of  the  head  and  neck ;  movements  of  the  trunk  and  ribs ;  and,  in  addition  in  the  case  of  the 
pectoralis  major  and  latissimus  dorsi,  important  movements  of  the  arm  at  the  shoulder-joint 

1.  Movements  of  the  Shoulder  Girdle. — The  action  of  this  group  of  muscles  on  the  shoulder 
girdle  (mainly  corresponding  to  movements  at  the  stemo-clavicular  joint)  may  be  expressed  in 
the  following  table  : — 


a. 


Movement  in  a  Vertical  Plane. 


6.  Movement  in  a  Horizontal  Plane. 


Elevation. 


Trapezius     (upper 

fibres) 
Levator  scapulae 
Rhomboidei 
Stemo-mastoid 
Omohyoid 


DepresBlon. 

Trapezius      (lower 

fibres) 
Subclavius 
Pectoralis  minor 
Latissimus  dorsi 
Pectoralis      major 

(lower  fibres) 


Forwards. 

Backwards. 

Serratus  magnus 
Pectoralis  major 
Pectoralis  minor 

Trapezius 
Rhomboidei 
Latissimus  dorsi 

c.  Botation — a  combination  of  these 

muscles. 


2.  Movements  of  the  acapnia  on  the  clavicle  produce  an  alteration  of  the  direction  of  the 
glenoid  fossa  of  the  scapula,  and  are  accompanied  by  movements,  inwards  or  outwards,  forwards 
or  backwards,  of  the  inferior  angle  of  the  scapula.  By  the  combined  action  of  the  muscles 
acting  upon  the  shoulder  girdle  a  rotatory  movement  of  the  scapula  at  the  acromio-clavicular 
joint  is  effected,  by  which  the  relation  of  the  glenoid  fossa  to  the  head  of  the  humerus  is  preserved 
in  movements  of  the  arm. 

3.  In  forced  inspiration,  the  stemo-mastoid,  trapezius,  levator  scapulae,  rhomboidei,  sub- 
clavius, omohyoid,  serratus  magnus,  pectoral  muscles,  and  latissimus  dorsi,  acting  together,  raise 
and  fix  the  shoulder  girdle ;  while  those  of  them  which  have  costal  attachments-— subclavius, 
pectoral  muscles,  serratus  magnus,  and  latissimus  dorsi,  simultaneously  elevate  the  ribs  and 
expand  the  thorax. 

4.  Lateral  flexion  and  rotation  of  the  spine  in  the  neck  is  effected  partly  by  the  action  of 
the  trapezius,  levator  scapulae,  and  rhomboid  muscles  (with  the  shoulder  nxed).  The  latissimus 
dorsi  and  pectoralis  major  act  in  climbing  in  a  similar  way,  raising  up  the  trunk  towards  the 
shoulder. 

5.  Action  on  the  Upper  Limb. — By  reason  of  their  insertion  into  the  humerus  the  pectoralis 
major  and  latissimus  dorsi  muscles  assist  the  movements  of  the  upper  limb.  Acting  together,  the 
two  muscles  depress  the  shoulder,  and  draw  the  arm  to  the  side  of  the  body,  at  the  same  time 
rotating  the  humerus  inwards.  The  two  parta  of  the  pectoralis  major  have  slightlv  different 
actions  on  the  humerus.  The  clavicular  part  of  the  muscle  {portio  attollens)  draws  the  arm  in- 
wards and  upwards ;  the  costo-steraal  part  of  the  muscle  (portio  deprimeru)  draws  it  inwards  and 
downwards.  The  latissimus  dorsi  acting  alone,  besides  rotating  the  limb,  draws  it  inwards  and 
backwards,  as  in  the  act  of  swimming. 
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FASCIA  AND  MUSCLES  OF  THE  SHOULDER. 

The  deep  fascia  covering  the  scapular  muBcles  presents  no  feature  of  special 
importance.  Attached  to  the  clavicle,  acromion,  and  scapular  spine,  it  is  thin  over 
the  deltoid  muscle.  Below  the  deltoid  it  is  thicker;  it  encases  and  gives  origin  to 
the  in&aepinatUH  muscle,  and  is  continuous  with  the  faecice  of  the  axilla  and  the 
bock. 

Muscles. 

The  mnBdes  proper  to  the  shoulder  comprise  the  deltoid,  supraspinatus,  infra- 


cuk 

(1) 
its 
324 

outer   oomer  oi    ine   acromion 

procees;  (3)  the  lower  edge  of        *^o-  251.— Dkltoid  Rboion  abd  Back  of  tub  abm. 
the  free  border  of  the  spine  of 

the  scapula  (Figs.  254,  p.  330,  and  250,  p.  325) ;  and  (4)  from  the  deep  fascia  cover- 
ing the  infraspinatus  muscle.  Its  origin  embraces  the  insertion  of  the  trapezius. 
The  fibres  of  the  muscle  converge  to  the  outer  side  of  the  shaft  of  the  humerus,  to 
be  iuMTted  into  a  well-marked  V-shaped  impression  above  the  spiral  groove  (Figs. 
257  and  258,  p.  335).  The  insertion  is  partly  united  with  the-  tendon  of  the 
pectoralis  major.  The  deltoid  is  superficial  in  its  whole  extent,  and  forms  the  prom- 
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inence  of  the  Ethouldet.     Its  anterior  border  is  separated  from  the  pectoralis  major 
by  a  narrow  interval,  in  which  the  cephalic  vein  and  humeral  artery  are  placed.     The 

deep  Burface  of  the  muscle  is  separated  by  a  bursa  from  the  capsule  of  the  shoulder- 


ms  inserted 
ies  of  the 
«i  to  (1)  the 
ciat«d  with 
CO  -  acromial 
achmenta  of 
the  coraco- 
ort  head  of 
the  capsule 
»vering  the 
t,  associated 
^  head  of  the 
nenta  of  the 
natuB,  infra- 
lor ;  and  f 3) 
the  external 
the  humerus, 
are  the  cir- 
lerve.  The 
the  deltoid 
irallel  fibres, 
ate  from  the 
rest  of  the  muscle  at  their  origin 
from  the  clavicle.  These  fibres  may 
be  continuous  with  the  trapezius 
over  the  clavicle.  The  most  posterior  part  arises  by  a  fascial  origin  from  the  spine 
of  the  scapula  and  the  fascia  over  the  infraspinatus  muscle.  These  portions  are 
attached  resi>ectively  to  the  front  and  back  of  the  main  tendon  of  insertion.  The 
intermediate  fibres  are  multipennate,  attached  above  and  below  to  three  or  four 
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septal  tendons,  which  extend  for  a  variable  distance  from  the  origin  and  insertion 
of  the  muscle. 

The  snpraspinatna  arises  by  fleshy  fibres  from  the  supraspinous  fossa  (except 
neajr  the  neck  of  the  bone)  and  from  the  deep  fascia  over  it  (Fig.  254,  p.  330). 
It  ia  direcDed  outwards  under  the  acromion  process  and  coraco-acromial  ligament 
to  be  inserted  by  a  broad  thick  tendon  into  the  uppermost  facet  on  the  great 
tuberosity  of  the  humerus,  and 

into  the  capsule  of  the  shoulder-  ^ 

joint  (Fig.  253,  p.  329). 

The  muscle  is  entirely  con- 
cealed from  view  by  the  trapezius,  ''■ 
the  acromion  process,  and  the 
deltoid  mnacle.  It  covers  the 
neck  of  the  scapula,  the  supra- 
scapular vessels  and  nerves,  and  m 
the  upper  surface  of  the  capsule 
of  the  shoulder-joint.  «i 

The  infrasplnatnsariseB  from 
the  infraspinous  fossa  of  the 
scapula  (excepting  near  the  neck 
of  the  bone  and  the  flat  surface 
along  the  axillary  border)  and 
from  the  thick  fascia  over  it 
(Fig.  254,  p  330).  The  fibres  of 
the  muscle  converge  to  the  neck 

uf  the  scapula ;  and  are  inserted  ,u, 

by  tendon  into  the  middle  facet 
on  the  great  tuberosity  of  the 
humerus,  and  into  the  capsule 
of  the  shoulder- joint  (Fig.  258, 
p.  335).     A  bursa  separates  the 

muscle  from    the  neck   of   the  icu. 

scapula,  and  in  a  minority  of 
cases  communicates  with  the 
synovial  cavity  of  the  shoulder- 
joint.  1^ 

The  upper  part  of  the  muscle 
ia  hidden  from  view  by  the  del- 
toid. Its  lower  part  is  super- 
ficial, and  its  outer  border  is  in 

contact  with   the   teres   minor.  ' 

Near  its  insertion  it  crosses  the 

neck   of    the   scapula   and   the  ^n^on 

back    of    the    capsule    of    the  ™rtii 

9  boulder -joint.  f"" 

The  teres  minor  is  a  small 
muscle,  arising   hy  fleshy  fibres  commgnMn.!™  for  origin  or 

from  the  upper  two- thirds  of  the  f>ifliiwrmii«rie,offii™i.nii 

flat  surface  on  the  dorsal  aspect       ,,     „.„     „ 

i>    iL  'ii  11  ...  ''0-  2oS. — Muscle- Attach  MKNI9  TO  thb  Fromt  or  tub 

of   the  axillary   border    of  the  iiumbihis. 

scapula,  and  from  fascial  septa 

separating  it  from  the  infraspinatus  and  teres  major  muscles  (Fig.  254,  p.  330). 
Lying  alongside  the  outer  border  of  the  infraspinatus,  it  is  inserted  under  cover 
of  the  deltoid  by  a  thick  flat  tendon  into  the  lowest  of  the  three  facets  on  the 
ireat  tuberosity  of  the  humerus  and  into  the  capsule  of  the  shoulder-joint,  and 
by  fleshy  fibres  into  the  posterior  aspect  of  the  surgical  neck  and  shaft  of  the 
humerus,  below  the  tuberosity  for  about  an  inch  (Fig.  258,  p.  335).  It  is 
separated  from  the  teres  major  by  the  scapular  head  of  the  triceps,  and  by  the 
posterior  circumflex  vessels  and  the  circumflex  nerve.     Its  origin  is  pierced  by 
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the  dorsal  scapular  artery.    The  muscle  ia  invested  by  the  deep  fascia  enclosiiig  the 
infraspinatus,  and  is  sometimes  inseparable  from  that  muscle. 

The  teres  major  is  much  latter  than  the  preceding  muscle.  It  aiiBM  by  fleshy 
fibres  from  the  lower  third  of  the  flat  surface  on  the  dorsum  of  the  scapula  along  ite 
axillary  border  (except  for  a  small  area  at  the  lower  angle),  and  from  fascial  aepta. 
which  separate  it  on  the  one  side  from  the  subscapularis,  and  on  the  other  from  the 
infraspinatus  and  teres  minor  (Fig.  254,  p.  330).  The  muscle  is  directed  along 
the  axillary  border  of  the  scapula  to  the  front  of  the  shaft  of  the  humenw,  where 
it  is  inserted  by  a  broad  Bat  tendon  into  the  inner  border  of  the  bicipital  groove 
internal  to  the  latissimus  dorsi  muscle  (Fig.  257,  p.  335).  Just  before  its  insertion 
it  is  closely  adherent  to  the  tendon  of  the  latissimus  dorsL 

The  teres  major  helps  to  form  the  posterior  wall  of  the  axilla.  It  lies  below 
the  Bubscapularis,  and  is  in  close  relation  with  the  latissimus  dorai  muscle,  which 

conceals  its  origin  pos- 
teriorly, winds  round  its 
outer  border, and  partially 
separates  its  anterior  sor- 
face  from  the  axillary 
vessels  and  nerTe&  The 
muscle  forms  the  lower 
id<arigtii)  boundary  of  a  lai^  tri- 
angular interval,  bounded 
extemallyon  the  posterior 
wall  of  the  axilla  by  the 
r**"""'  surgical  neck  of  the 
humerus,  and  above  by 
the  borders  of  the  aiib- 
rtgin)with  acapularisand  teres  minor 
*""" "  muscles.  The  long  head 
of  the  triceps  passes  behind 
the  teres  major  and  sub- 
divides this  space  into 
two,  a  quadrilateral  space 
limited  by  the  triceps  and 
surgical  neck  of  the 
humerus  for  the  passt^ 
of  the  circumflex  ner\'d 
and  posterior  circumflex 
vesseb,  and  a  smaller  tri- 
angular space  bounded  by 
the  triceps,  subscapularis, 
and  teres  major,  for  the 
Fia.  254.— MoscLB-AriACHsiENTs  TO  TBB  ScAPCLA  (Posterior  SuriiKa).     dorsal  scapular  artery. 

The  BabscapnlariB 
is  a  large  triangular  muscle  occupying  the  venter  of  the  scapula.  It  arisM 
by  fleshy  fibres  from  the  whole  of  the  subscapular  fossa  and  the  groove  along 
the  axillary  border,  excepting  the  surfaces  at  the  angles  of  the  bone  (Fig.  250, 
p.  325).  Springing  from  several  ridges  in  the  foasa  are  septa  projecting  into 
the  substance  of  the  muscle,  which  increase  the  extent  of  its  attachment.  Con- 
vergiug  to  the  head  of  the  humerus,  the  muscular  fibres  are  inserted  by  a  broad,  thick 
tendon  into  the  leaser  tuberosity  of  the  humerus  and  into  the  capsule  of  the  shoulder- 
joint,  and  by  fleshy  fibres  into  the  sui^ical  neck  and  the  shaft  of  the  humerus 
below  the  tuberosity  for  about  an  inch,  under  cover  of  the  coraco-brachialis  and 
short  head  of  the  biceps  (Fig.  257,  p.  335).  This  muscle  forms  the  greater  part  of 
the  posterior  wall  of  the  axilla.  Its  inner  or  anterior  surface  is  in  contact  with  the 
serratus  magnus  and  the  axillary  vessels  and  nerves.  Its  deep  surface  is  separated 
from  the  neck  of  the  scapula  by  a  bursa,  which  is  in  direct  communication  with  the 
synovial  cavity  of  the  shoulder-joint.  Its  upper  border  passes  beneath  the  coracoid 
process ;  its  outer  border  is  separated  from  the  teres  major  by  the  posterioi  circum- 
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flex  vessels  and  the  circumflex  nerve,  the  long  head  of  the  triceps  muscle,  and  the 
dorsal  scapular  artery. 

The  subacapnlaris  minor  is  an  occasional  muscle  situated  below  the  capsule  of  the  shoulder- 
joints  It  arisee  from  the  axillary  border  of  the  scapula  below  the  subscapularis,  and  is  inierted 
into  the  capsule  of  the  joint  or  the  upper  part  of  the  shaft  of  the  humerus. 

Nerve -Supply. 

The  muscles  of  this  group  are  all  supplied  by  the  fifth  and  sixth  cervical  nerves,  through 
nerves  arising  from  posterior  trimks  of  the  brachial  plexus. 


Mudet. 


Deltoid  \ 

Teres  minor    / 
Supraspinatus) 
Infraspinatus  / 
Teres  major 
Subscapularis 


NervoB. 


Origin. 


Circumflex 

Suprascapular 

Lower  subscapular 

Lower  and  upper  subscapular 


-  C.  5.  6. 


Actions. 

The  principal  action  of  this  group  of  muscles  is  on  the  shoulder-joint. 
secondary  actions  in  relation  to  movements  of  the  trunk  and  limbs. 


They  have  also 


1.  Moyements  at  the  Shonlder-Joint. 


a.  Abduction. 


Deltoid 
I  Supraspinatus 


Adduction. 


Teres  major 
Teres  minor 
Pectoralis  major 
Latissimus  dorsi 
Coraco-brachialis 
Biceps  (short  head) 
Triceps  (long  head) 
(Weight  of  Emb) 


b.  Flezion  (Forwards). 


!i  Deltoid  (anterior  fibres) 
li  Subscapularis 

I  Pectorfiilis  major 

II  Coraco-brachialis 
Biceps 


Extension  (Backwards). 


Deltoid  (posterior  fibres) 
Teres  major 
Infraspinatus 
Latissimus  dorsi 
Triceps 


c.  Rotation  Ontwaxdi. 


Deltoid  (posterior  fibres) 

Infraspinatus 

Teres  minor 


Rotation  Inwarda. 

I 

I 

Deltoid  (anterior  fibres) 
I  Teres  major 
Pectoralis  major 
Latissimus  dorsi 


d.  Circnmdnction — combination  of  previous  muscles. 


The  various  movements  at  the  shoulder-joint  are  greatly  aided  by  the  muscles  acting  on  the 
shoulder  girdle.  In  raising  the  arm  above  the  head,  for  instance,  the  humerus  is  brought  to  the 
horizontal  position  by  the  deltoid  and  supraspinatus,  and  the  movement  is  continued  by  the 
elevators  of  the  shoulder  girdle.  Again,  in  forward  and  backward  movements  at  the  shoulder- 
joint,  great  assistance  is  derived  from  muscles  acting  directly  on  the  shoulder  girdle— pectoralis 
minor  and  serratus  magnus ;  trapezius  and  rhomboideL 

2.  In  relation  to  the  trunx  and  limbs,  the  shoulder  muscles,  by  fixing  the  humerus,  have 
auxiliary  power  on  the  one  hand  in  movements  of  the  trunk,  such  as  forced  inspiration  ;  on  the 
other  hand,  acting  along  with  muscles  fixing  the  ellww-joint,  they  stiffen  the  limb  so  as  to 
j)ermit  of  the  more  refined  movements  of  the  wrist  and  fingers. 

23  a 
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the  Btructures  piercing  it,  the  pectoraliB  minor,  the  axillary  vessels,  and  the  nerves 
of  the  hrachiol  plexus. 

StemaliS  mascla — The  sUmalis  ia  an  occaaional  muaole  placed,  when  preaenl,  parallel  to 
the  Hternum  upon  the  Bterao-coetal  origin  of  the  pectoralis  major.  It  has  attachments  which 
are  very  variable  both  above  and  below,  U>  the  coetal  cartilages,  sternum,  rectus  sheath,  stemo- 
mastoid,  and  pectoralis  major.  lie  nervfl-inpplr  is  from  one  or  both  of  the  anterior  thoracic 
nerves.     In  certain  rare  caseB  it  has  been  said  to  be  innervated  by  intercoetal  nervee.     It  ia 

r resent  in  4'4  cases  out  of  100,  and  it  ia  slightly  more  frequent  in  the  male  than  in  the  female. 
t  has  been  regarded  by  different  observers  as  (1)  a  vestige  of  the  panniculua  camo^us,  (3)  a 
homologuu  of  the  alenio-mastoid,  or  (3)  a  displaced  slip  of  the  pectoralis  major. 

Ohondro-epitrocUearis,  dorso-epitrochlearis,  axillary  arches  costo-coracoideuB.— One 
or  other  of  the  above-named  slips  is  occasionally  present,  crossing  the  floor  of  the  axilla  in  the 
interval  between  the  latissimiis  dorsi  and  the  pectoralis  major.  Tbey  take  origin  from  the  cwta] 
cartilages,  rihs,  or  borders  of  the  pectoralis  major  (chondTo-epitrochUani,  axUlary  nrcha,  cotto- 
coracoideiU),  or  from  the  border  of  the  latissimus  dorsi  (dono-epilTOcklearii,  axillary  arckri,  mitiy- 
coraeoideu*).  Their  inurtion  is  variable.  The  elurndTO-^lrockUarU  and  dorso-epitTOchltarU  are 
inserted  into  the  fascia  of  the  arm  on.  the  inner  side,  the  internal  intennnsouJar  septum,  or  ihe 
internal  condyle  of  the  humerus.  The  axillary  arches  are  inserted  into  the  bonier  of  the  pect<iralis 
major,  the  fascia  of  the  arm,  or  the  coraoo-brachialis  or  biceps  muscle.  The  coilo-foraaiidtut, 
arising  from  the  ribs  or  the  aponeut'oais  of  the  obliquus  extemus,  or  detaching  ilself  from  the 
border  of  the  pectoralia  major  or  latissimus  dorsi,  is  attached  to  the  coracoid  process,  alone  or 
.  along  with  one  of  the  mnscles  attached  to  that  bone.  These  variable  alipe  of  muscle  are  supplied 
by  the  interna!  anterior  thoracic  nerve,  the  lesser  internal  cutaneous  nerve,  or  the  intcroailo- 
humeraL 

The  pectoralis  minor  is  a  narrow,  fiat,  triangular  muscle.  It  arises  from  (1) 
the  outer  surfaces  and  upper  borders  of  the  third,  fourth,  and  fifth  riha  near  their 
anterior  ends,  and  (2)  from  the  fascia  covering  the  third  and  fourth  intercostal 
spaces  between  these  ribs.  It  may  have  an  additional  origin  from  the  second  rib 
(Fig.  ;130,  p.  420)  i  and  that  from  the  fifth  rib  ia  often  absent.  Directed  obliquely 
outwards  and  upwards,  it  is  inserted  by  a  short,  flat  tendon  into  the  outer  half  of 
"the  anterior  (inner)  border  and  upper  surface  of  the  coracoid  process  (Fig.  250, 
p.  325),  and  usually  also  into  the  conjoint  origin  of  the  biceps  and  coraco-brachialis. 
It  is  wholly  concealed  by  the  pectoralis  major,  except  when  the  arm  is  raised, 
when  the  outer  border  of  the  muscle  becomes  superiicial.  It  enters  into  the 
formation  of  the  front  wail  of  the  axilla,  and  gives  attachment  along  its  upper 
border  to  the  costo-coracoid  membrane.  It  crosses  the  axillary  vessels  and  the 
cords  of  the  brachial  plexus,  and  is  pierced  by  branches  of  the  anterior  thoracic 
nerves. 

Either  in  part  or  wholly  the  pecl^ralis  minor  may  pass  over  the  coracoid  process  of  the 
scapula,  separated  from  it  by  a  bursa,  to  be  inserted  into  the  coraco -acromial  ligament,  or  the 
acromion  process  ;  or  piercing  the  eoraco-acromial  ligament,  it  may  be  attached  to  the  capsole  of 
the  ahoiildi'r-joint  (coraco-humeral  ligament). 

Pectoralis  miumas. — This  is  a  slender  slip,  rarely  present,  which  extends  between  the  first 
costal  cartilage  and  the  coracoid  jiroccss. 

The  BUbclavins  maacle  arises  from  the  upper  surface  of  the  first  costal  cartilage 
in  front  of  the   costo  -  clavicular  ligament,  and  from  the  upper  surface  of  the 
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distal  end  of  the  first  rib  (Fig.  330,  p.  420).  It  is  inserted  into  a  groove  in  the 
middle  third  of  the  under  surface  of  the  clavicle  (Fig.  248,  p.  324).  The  muscle 
is  iuvested  by  the  fascia  which  forms  the  costo-corocoid  menihrane,  and  is  concealed 
''Y  the  clavicle  and  the  clavicular  origin  of  the  pectoralis  major. 
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The  stono-claTiciUulB  u  a  small  separate 
slip,  rarelj  present,  extending  beneath  the  peclor- 
ali.^  major  from  the  upper  part  of  the  atemum  to 
the  clavicle. 

The  geiratiu  magniu  (m.  Berratus 
anterior)  is  a  large  curved  quadrilateral 
muscle  occupying  the  side  of  the  cheat 
and  inner  wall  ol'  the  axilla.  It  stIbss  by 
fleshy  alipa  from  the  external  aspect  of 
the  upper  eight  and  occasionally  {as  ia 
the  figure)  from  nine  riba.  The  first  slip 
is  a  double  one,  arising  from  the  first  two 
ribs  and  the  fascia  covering  the  inter- 
veDing  space  (Fig.  330,  p.  420).  The 
insertion  of  the  muscle  is  threefold.  (1) 
The  first  portion  of  the  muscle  (from  the 
first  and  second  ribs)  is  directed  back- 
wards to  be  inserted  into  the  ventral 
aspect  of  the  upper  angle  of  the  scapula. 
(2)  The  next  three  slips  of  the  muscle 
(from  the  second,  third,  and  fourth  riba) 
are  inserted  into  the  vertebral  border  of 
the  scapula.  (3)  The  last  four  slips 
(from  the  fifth,  sixth,  seventh,  and  eighth 
ribs)  are  directed  obliquely  upwards  and 
backwards,  to  be  inserted   on  the  ventral 
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aspect  of  the  lower  angle  of  the 
scapula  (Fig.  2.'.0.  p.  325). 

The  external  surface  of  the 
muscle  is  partly  superficial  below 
the  axillary  space,  on  the  side 
wall  of  the  chest,  where  its 
slips  of  origin  are  seen  iuter- 
digitating  with  those  of  the 
obliquus  externus  abdominis. 
Higher  up  it  forms  the  inner 
wall  of  the  axilla,  and  is  in 
contact  with  the  pecLoral  muscles 
in  front  and  the  subscapularis 
behind.  Its  upper  border  ap- 
pears in  the  floor  of  the  pos- 
terior triangle,  and  over  it  the 
axillary  artery  and  the  cords 
of  the  brachial  plexus  pass  in 
their  course  through  tiie  aimpit. 
The  lower  border  is  oblique, 
and  is  in  contact  with  the 
latissimus  dorsi  muscle.  The 
deep  surface  of  the  muscle  is 
in  contact  with  the  chest  wall, 
so  that  the  serratus  mt^nns 
along  with  the  subscapularis 
muscle  separates  the  scapula 
from  the  ribs.  The  miiscle  may- 
extend  higher  than  usual,  so 
as  to  be  continuous  in  the  neck 
with  the  levator  anguli  scapulse. 
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Nbrve-Sdpplt. 

The  nerves  supplTing  the  muscles  connecting  the  upper  limb  to  the  trunk  are  given  in  the 
following  table : — 


Httscles. 

Nerves. 

Origin. 
Spinal  Cord 

Trapezius 

( Spinal  accessory  nerve 

I  Cervical  plexus 

c.   a   4. 

Latissimus  dorsi 

Long  subscapular 

C.     6.    7.     8. 

Levator  scapulae 

(  Cervical  plexus 
I  Posterior  scapular 

c.    a   4 

C.    5. 

Hhomboidei 

Posterior  scapular 

C.     5. 

Pectorales 

1 

1  External  anterior  thoracic 
I  Internal        „             „ 

C.     5.    6.     7. 
C.    8.    T.    I. 

Subclavius 

Brachial  plexus 

C.     6.    6. 

Serratus  magnus 

Posterior  thoracic 

C.     5.    6.     7. 

Actions. 

The  muscles  of  this  group  (together  with  the  stemo-cleido-mastoid  and  omohyoid  muscles)  act 
for  the  most  part  in  the  movements  of  the  shoulder  ffirdle  at  the  sterno-clavicular  and  acromio- 
clavicular joints.  At  the  former  joint  they  produce  the  various  movements  of  the  clavicle  on  the 
sternum,  and  cause  the  shoulder  to  move  in  an  arc  the  centre  of  which  is  the  sterno-clavicular  joint 
At  the  acromio-davicular  articulation  thev  produce  a  rotation  of  the  scapula  on  the  clavicle,  and  a 
consequent  alteration  in  the  direction  of  the  glenoid  fossa.  At  the  same  time  the  several  muscles 
are  agents  in  other  equally  important  movements,  when  the  shoidder  cirdle  is  fixed ;  movements 
of  the  head  and  neck ;  movements  of  the  trunk  and  ribs ;  and,  in  addition  in  the  case  of  the 
pectoralis  major  and  latissimus  dorsi,  important  movements  of  the  arm  at  the  shoulder-joint 

1.  Movements  of  the  Shoulder  Girdle. — The  action  of  this  group  of  muscles  on  the  shoulder 
girdle  (mainly  corresponding  to  movements  at  the  sterno-clavicular  joint)  may  be  expressed  in 
the  following  table  : — 


a. 


Movement  in  a  Vertical  Plana 


h.  Movement  in  a  Horizontal  Plane. 


Elevation. 


Trapezius     (upper 

fibres) 
Levator  scapulae 
Rhomboidei 
Stemo-mastoid 
Omohyoid 


Depression. 

Trapezius      (lower 

fibres) 
Subclavius 
Pectoralis  minor 
Latissimus  dorsi 
Pectoralis      major 

(lower  fibres) 


Forwards. 


Backwarda. 


Serratus  magnus 
Pectoralis  major 
Pectoralis  minor 


Trapezius 
Rhomboidei 
Latissimus  dorai 


c.  Rotation — a  combination  of  these 

muscles. 


2.  Movements  of  the  scapula  on  the  clavicle  produce  an  alteration  of  the  direction  of  the 
glenoid  fossa  of  the  scapula,  and  are  accompanied  by  movements,  inwards  or  outwards,  forwards 
or  backwards,  of  the  inferior  angle  of  the  scapula.  Bv  the  combined  action  of  the  muscles 
acting  upon  the  shoulder  girdle  a  rotatory  movement  of  the  scapula  at  the  acromio-clavicular 
joint  is  eflfected,  by  which  the  relation  of  the  glenoid  fossa  to  the  head  of  the  humerus  is  preserved 
in  movements  of  the  arm. 

3.  In  forced  inspiration,  the  stemo-mastoid,  trapezius,  levator  scapulae,  rhomboidei,  sub- 
clavius,  omohyoid,  serratus  magnus,  pectoral  muscles,  and  latissimus  dorsi,  acting  together,  raise 
and  fix  the  shoulder  girdle ;  while  those  of  them  which  have  costal  attachments---subclavius, 
pectoral  muscles,  serratus  magnus,  and  latissimus  dorsi,  simultaneously  elevate  the  ribs  and 
expand  the  thorax. 

4.  Lateral  flexion  and  rotation  of  the  spine  in  the  neck  is  effected  partly  by  the  action  of 
the  trapezius,  levator  scapulae,  and  rhomboid  muscles  (with  the  shoulder  fixed).  The  latissimus 
dorsi  and  pectoralis  major  act  in  climbing  in  a  similar  way,  raising  up  the  trunk  towards  the 
shoulder. 

5.  Action  on  the  Upper  Limb. — By  reason  of  their  insertion  into  the  humerus  the  pectoralis 
major  and  latissimus  dorsi  muscles  assist  the  movements  of  the  upper  limb.  Acting  together,  the 
two  muscles  depress  the  shoulder,  and  draw  the  arm  to  the  side  of  the  body,  at  the  same  time 
rotating  the  humerus  inwards.  The  two  parts  of  the  pectoralis  major  have  slightlv  different 
actions  on  the  humerus.  The  clavicular  part  of  the  muscle  (portio  attollens)  draws  the  arm  in- 
wards and  upwards ;  the  costo-stemal  part  of  the  muscle  (portio  deprimeni)  draws  it  inwards  and 
downwards.  The  latissimus  dorsi  acting  alone,  besides  rotating  the  limb,  draws  it  inwards  and 
backwards,  as  in  the  act  of  swimming. 
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FASCIA  AND  MUSCLES  OF  THE  SHOULDER 

The  deep  foscift  covering  the  scapular  muscles  presents  no  feature  of  special 
importance.  Attached  to  the  clavicle,  acromion,  and  scapular  spine,  it  is  thin  over 
the  deltoid  muscle.  Below  the  deltoid  it  ia  thicker ;  it  encases  and  gives  origin  to 
the  infraepinatua  muscle,  and  is  continuous  with  the  fasoiffi  of  the  axilla  and  the 
back. 

Muscles. 

The  miUGles  proper  to  the  shoulder  comprise  the  deltoid,  supraspinatus,  infra- 
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procees ;  (3)  the  lower  edge  of        *"■<*■  25i. — deltoid  HeoioH  iso  back  of  thb  ahh. 
the  free  border  of  the  spine  of 

the  scapula  (Figs.  254,  p.  330,  and  250,  p.  325) ;  and  (4)  from  the  deep  fascia  cover- 
ing the  infraspinatus  muscle.  Its  origin  embraces  the  insertion  of  the  trapezius. 
The  fibres  of  the  muscle  converge  to  the  outer  side  of  the  shaft  of  the  humerus,  to 
be  inserted  into  a  well-marked  V-shaped  impression  above  the  spiral  groove  (Figs. 
257  and  258,  p.  335).  The  insertion  is  partly  united  with  the-  tendon  of  the 
pectoralis  major.   The  deltoid  is  superficial  in  its  whole  extent,  and  forms  the  prom- 
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inence  of  the  shoulder.  Its  anterior  border  is  separated  from  the  pectoraliB  major 
by  a  narrow  interval,  in  which  the  cephalic  vein  and  humeral  artery  are  placed.  The 
deep  surface  of  the  muscle  is  separated  by  a  bursa  from  the  capsule  of  the  shoulder- 
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ate  from  the 
rest  of  the  muscle  at  their  origin 
from  the  clavicle.  These  fibres  may 
he  continuous  with  the  trapezius 
over  the  clavicle.  The  most  posterior  part  arises  by  a  fascial  origin  from  the  spine 
of  the  scapula  and  the  fascia  over  the  infraspinatus  muscle.  These  portions  are 
attached  respectively  to  the  front  and  back  of  the  main  tendon  of  insertion.  The 
intermediate  fibres  are  multipennate,  attached  above  and  below  to  three  or  four 
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septal  tendoDs,  which  extend  for  a  variable  distance  from  the  origin  and  insertion 
of  the  muscle. 

The  supraspinatas  arises  by  fleshy  fibres  front  the  Bupraspinoiis  fossa  (except 
near  the  neck  of  the  bone)  and  from  the  deep  fascia  over  it  (Fig.  254,  p.  330). 
It  ia  directed  outwards  under  the  acromion  process  and  coraco-acromial  ligament 
to  be  inserted  by  a  broad  thick  tendon  into  the  uppermost  facet  on  the  great 
tuberosity  of  the  humerus,  and 

into  the  capsule  of  the  shoulder-  ,„,,„. 

joint   rFig.  253,  p.  329).  ") 

The  muscle  is  entirely  con- 
cealed fromview  by  the  trapezius,  n) 
tlip  acromion  process,  and  the 
deltoid  muscle.  It  covers  the 
neck  of  the  scapula,  the  supra- 
scapular vessels  and  nerves,  and  nwlor 
the  upper  surface  of  the  capsule 
of  the  shoulder-joint.  """•' 

The  infraspinatns  arlMs  from 
the    inftvispinous    fossa   of    the  ' 

scapula  (excepting  near  the  neck 
of  the  bone  and  the  flat  surface 
along  the  axillary  border)  and 
from  the  thick  fascia  over  it 
(Fig.  254,  p.  330).  The  fibres  of 
the  muscle  convei^e  to  the  neck 

of  the  scapula ;  and  are  inserted  chuib 

by  tendon  into  the  middle  facet 
on  the  great  tuberosity  of  the 
humerus,  and  into  the  capsule 
of  the  shoulder-joint  (Fig.  258, 
p.  335).     A  bursa  separates  the 

muscle   from    the  neck   of   the  unticiu 

scapula,  and  in  a  minority  of 
cases  communicates  with  the 
synovial  cavity  of  the  shoulder- 
.}o\nt.  ^^,1^ 

The  upper  part  of  the  muscle 
is  hidden  from  view  by  the  del- 
toid. Its  lower  part  is  super- 
ficial, and  its  outer  border  is  in 

contact   with   the   teres  minor.  ^j. 

Near  its  insertion  it  crosses  the 

neck   of    the   scapula   and   the  loni^injon 

back    of    the    capsule    of    the  a" nm 

shoulder-joint.  ^of'"" 

The  teres  minor  is  a  small  '" 

muscle,  Arising   by  fieshy  fibres 

from  the  upper  two-thirds  of  tlie  f>l«n«>r  mim-U^  nf  forwnu 

flat  surface  on  the  dorsal  aspect       ..      „.„     ,.  ._  

of   the  axillary   border    of  the  iicMEnca. 

scapula,  and  from  fascial  septa 

separating  it  from  the  infraspinatus  and  teres  major  muscles  (Fig.  254,  p.  330). 
Lying  alongside  the  outer  border  of  the  infraspinatus,  it  is  uiaerted  under  cover 
of  the  deltoid  by  a  thick  flat  tendon  into  the  lowest  of  the  three  facets  on  the 
Lrreat  tuberosity  of  the  humerus  and  into  the  capsule  of  the  shouldur-joint,  and 
by  fleshy  fibres  into  the  posterior  aspect  of  the  surgical  neck  and  shaft  of  the 
humerus,  below  the  tuberosity  for  about  an  inch  (Fig.  258,  p.  335).  It  is 
separated  from  the  teres  major  by  the  scapular  head  of  the  triceps,  and  by  the 
poaterior  circumflex  vessels  and  the  circumflex  nerve.     Its  origin  is  pierced  by 
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the  doiBal  scapular  artery.    The  muscle  is  invested  by  the  deep  fascia  enclosiDg  the 
infraspinatus,  and  is  Bometlmes  inseparable  from  that  muscle. 

The  teres  major  is  much  larger  than  the  preceding  muscle.  It  uims  by  fleshy 
fibres  from  the  lower  third  of  the  flat  surface  on  the  dorsum  of  the  scapula  along  its 
axillary  border  (except  for  a  small  area  at  the  lower  angle),  and  from  fascial  septa, 
which  separate  it  on  the  one  side  from  the  subscapularis,  and  on  the  other  from  the 
infraspinatus  and  teres  minor  (Fig.  254,  p.  330).  The  muscle  is  directed  along 
the  axillary  border  of  the  scapula  to  the  front  of  the  shaft  of  the  humenis,  where 
it  is  inserted  by  a  broad  flat  tendon  into  the  inner  border  of  the  bicipital  groove 
internal  to  the  latisaimus  dorsi  muscle  (Fig.  257.  p.  335).  Just  before  its  inaertioa 
it  is  closely  adherent  to  the  tendon  of  the  latissimus  dorsL 

The  teres  major  helps  to  form  the  posterior  wall  of  the  axilla.  It  lies  below 
the  subscapularis,  and  is  in  close  relation  with  the  latissimus  dorsi  muscle,  which 

conceals  its  origin  pos- 
teriorly, winds  round  iu 
outer  border, and  partially 
separates  its  anterior  sur- 
face from  the  axillaiy 
vessels  and  nerves.  The 
muscle  forms  the  lower 
id(origiD)  boundary  of  a  large  tri- 
angular interval,  bounded 
extemallyon  the  posterior 
wall  of  the  axilla  by  the 
f^""'  surgical  neck  of  the 
humerus,  and  above  by 
the  borders  of  the  aiib- 
rigin)  irith  scapularisand  teres  minor 
muscles.  The  long  head 
of  the  triceps  paasesbehind 
the  teres  major  and  sub- 
divides this  space  into 
two,  a  quadrilateral  space 
limited  by  the  triceps  and 
surgical  neck  of  the 
humerus  for  the  passage 
of  the  circumflex  nen,-e 
and  posterior  circotnflex 
vessels,  and  &  smaller  tri- 
angular space  bounded  by 
the  triceps,  subscapularis, 
and  teres  major,  for  the 
Fio.  254.— MDBCLB-AiTACBirtim  TO  THE  ScAPCLi  (Poswrior  Sur(«™).     dorsal  scapular  artery. 

The  sabscspnlaris 
is  a  lai^e  triangular  muscle  occupying  the  venter  of  the  scapula.  It  aiisas 
by  fleshy  fibres  from  the  whole  of  the  subscapular  fossa  and  the  groove  along 
the  axillary  border,  excepting  the  surfaces  at  the  angles  of  the  bone  (Fig.  250, 
p.  325).  Springing  from  several  ridges  in  the  fossa  are  septa  projecting  into 
the  substance  of  the  muscle,  which  increase  the  extent  of  its  attachment  Con- 
veigiug  to  the  head  of  the  humerus,  the  muBCular  fibres  are  inserted  by  a  broad,  thick 
tendon  into  the  lesser  tuberosity  of  the  humerus  and  into  the  capsule  of  the  shoulder- 
joint,  and  by  fleshy  fibres  into  the  surgical  neck  and  the  shaft  of  the  humerus 
below  the  tuberosity  for  about  an  inch,  under  cover  of  the  coraco-brachialis  and 
short  head  of  the  biceps  (Fig.  257,  p.  335).  This  muscle  forms  the  greater  part  of 
the  posterior  wall  of  the  axilla.  Its  inner  or  anterior  surface  is  in  contact  with  the 
serratua  magnus  and  the  axillary  vessels  and  nerves.  It»  deep  surface  is  separated 
from  the  neck  of  the  scapula  by  a  bursa,  which  is  in  direct  commuuication  with  the 
synovial  cavity  of  the  shoulder-joint.  Its  upper  border  passes  beneath  the  coracoid 
process ;  its  outer  border  is  separated  from  the  teres  major  by  the  posterior  circum- 
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flex  vessels  and  the  circumflex  nerve,  the  long  head  of  the  triceps  muscle,  and  the 
dorsal  scapular  artery. 

The  subscapulariB  minor  is  an  occasional  mnscle  situated  below  the  capsule  of  the  shoulder- 
joints  It  arises  from  the  axillary  border  of  the  scapula  below  the  subscapularis,  and  is  iiiserted 
into  the  capsule  of  the  joint  or  the  upper  part  of  the  shaft  of  the  humerus. 

Nerve -Supply. 

The  muscles  of  this  group  are  all  supplied  by  the  fifth  and  sixth  cervical  nerves,  through 
nerves  arising  from  posterior  trimks  of  the  brachial  plexus. 


Muscles. 


Deltoid  \ 

Teres  minor    / 
Supras]>inatus) 
Intraspinatus  / 
Teres  major 
Subscapularis 


Nerves. 


Origin. 


Circumflex 

Suprascapular 

Lower  subscapular 

Lower  and  upper  subscapular 


-  C.  6.  6. 


Actions. 

The  principal  action  of  this  group  of  muscles  is  on  the  shoulder-joint 
secondary  actions  in  relation  to  movements  of  the  trunk  and  limba 


They  have  also 


1.  Moyements  at  the  Shoulder-Joint. 


a.  Abduction. 

Deltoid 
Sapraapinatus 


Addnction. 


Teres  major 
Teres  minor 
Pectoralis  major 
Latissimus  dorsi 
Coraco-brachialis 
Biceps  (short  head) 
Triceps  (long  head) 
(Weight  of  limb) 


b.  Flexion  (Forwards). 


Deltoid  (anterior  fibres) 
Subscapularis 
Pectoralis  major 
Coraco-brachialis 
Biceps 


Extension  (Backwards). 


Deltoid  (posterior  fibres) 
Teres  major 
Infraspinatus 
Latissimus  dorsi 
Triceps 


c.  Rotation  Outwards. 


Deltoid  (posterior  fibres) 

Infraspinatus 

Teres  minor 


Rotation  Inwards. 


Deltoid  (anterior  fibres) 
Teres  major 
Pectoralis  major 
Latissimus  doni 


d.  Circnmduotloa — combination  of  previous  muscles. 


The  various  movements  at  the  shoulder-joint  are  greatly  aided  by  the  muscles  acting  on  the 
shoulder  girdle.  In  raising  the  arm  above  the  head,  Tor  instance,  the  humerus  is  brought  to  the 
horizontal  position  by  the  deltoid  and  supraspinatus,  and  the  movement  is  continued  by  the 
elevators  of  the  shoulder  girdle.  Again,  in  forward  and  backwanl  movements  at  the  shoulder- 
joint,  great  assistance  is  derived  from  muscles  acting  directly  on  the  shoulder  girdle— pectoralis 
minor  and  serratus  magnus ;  trapezius  and  rhomboideL 

2.  In  relation  to  the  trunk  and  limbs,  the  shoulder  muscles,  by  fixing  the  humerus,  have 
auxiliary  power  on  the  one  hand  in  movements  of  the  trunk,  such  as  forced  inspiration ;  on  the 
other  hand,  acting  along  with  muscles  fixing  the  enK)W-joint,  they  stiffen  the  limb  so  as  to 
J  term  it  of  the  more  refin^  movements  of  the  wrist  and  fingers. 

23  a 
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FASCIA  AND  MUSCLES  OF  THE  AEM. 

FASCIA. 

The  superficial  fascia  preseuts  no  features  of  importance.  There  is  a  bursa 
beneath  it  over  the  olecranon  process,  and  occasionally  another  over  the  inner 
condyle  of  the  humerus. 

The  deep  fascia  forms  a  strong  tubular  investment  for  the  muscles  on  the  front 
and  back  of  the  humerus.  It  is  continuous  above  with  the  deep  fascia  of  the 
shoulder  and  axilla,  and  is  further  strengthened  by  fibres  derived  from  the  insertions 
of  muscles  attached  to  the  upper  part  of  the  humerus,  viz.,  from  the  pectoralis  major, 
latissimus  dorsi,  and  deltoid.  At  the  elbow  it  becomes  continuous  with  the  deep 
fascia  of  the  forearm,  and  gains  attachment  to  the  condyles  of  the  humerus  and 
the  olecranon  process  of  the  ulna;  it  is  strengthened  also  by  important  bands 
associated  with  the  insertions  of  the  biceps  in  front  and  the  triceps  behind,  to  which 
reference  will  be  made  in  the  account  of  these  muscles. 

About  the  middle  of  the  upper  arm  in  front  of  the  inner  border,  the  deep  fascia 
is  perforated  for  the  passage  of  the  basilic  vein  and  the  internal  cutaneous  nerve. 

The  intermuscular  septa  are  processes  of  the  deep  fascia  attached  to  the 
supracondyloid  or  epicondylic  ridges  of  the  humerus.  The  internal  and  stronger 
septum  is  placed  between  the  brachialis  anticus  in  front  and  the  inner  head  of  the 
triceps  behind,  and  gives  origin  to  both.  It  extends  upwards  to  the  insertion  of 
the  coraco-brachialis  (which  is  often  continued  into  it),  and  the  ulnar  nerve  and 
inferior  profunda  vessels  pass  down  over  its  inner  edge.  The  external  septum  is 
thinner.  It  separates  the  brachialis  anticus  and  brachio-radialis  in  front  from 
the  inner  and  outer  heads  of  the  triceps  behind,  and  gives  origin  to  these  muscles. 
It  extends  upwards  to  the  insertion  of  the  deltoid,  and  is  pierced  by  the  musculo- 
spiral  nerve  and  superior  profunda  vessels. 

MUSCLES. 

The  coraco-brachialis  is  a  rudimentary  muscle  placed  on  the  front  and  inner 
aspect  of  the  arm.  It  arises  in  common  with  the  short  head  of  the  biceps  from 
the  tip  of  the  coracoid  process  of  the  scapula  (Fig.  250,  p.  325),  and  is  commonly 
connected  at  its  origin  with  the  insertion  of  the  pectoralis  minor.  The  origin  of 
the  muscle  is  by  fleshy  fibres  attached  (1)  to  the  tip  of  the  coracoid  process  below 
and  internal  to  the  biceps  tendon,  and  (2)  to  the  tendon  of  the  biceps  itself.  The 
muscle  is  partially  subdivided  into  two  parts  by  the  musculo-cutaneous  nerve,  and 
ends  in  a  flat  tendon  inserted  into  a  faint  linear  impression  about  an  inch  in  length 
on  the  middle  of  the  inner  border  of  the  shaft  of  the  humerus  (Fig.  257,  p.  335). 
It  is  often  contiiiued  into  the  internal  intermuscular  septum. 

The  muscle  lies  on  the  inner  side  of  the  biceps,  and  is  concealed  at  first  by  the 
deltoid  and  pectoralis  major.  In  the  lower  part  of  its  extent  it  is  superficial,  and 
forms  a  swelling  beneath  the  skin  on  the  inner  side  of  the  arm  which  serves  as  a 
guide  to  the  axillary  and  brachial  arterii  s. 

The  coraco-bracllialis  is  the  remains  of  a  threefold  muscle,  of  which  only  two  element*  aiv 
usually  ])resent  in  man,  but  of  which  m  anomalous  cases  all  the  parU>  may  be  more  or  less  fully 
developed.  The  passage  of  the  musculo-cutaneous  nerve  through  the  mus(;le  is  an  indication  of 
its  natural  separation  into  two  parts,  which  represent  the  persistent  middle  and  inferior  elements*. 
The  commonest  variety  is  one  in  which  the  more  superficial  (inferior)  part  of  the  muscle  exteiuis 
farther  down  the  arm  than  usual,  so  as  to  be  inserted  into  the  internal  intermuscular  septum,  or  even 
into  the  internal  condyle  of  the  humerus.  A  third  slip  (coraco-bracllialis  superior  or  brevis, 
rotator  humeri)  may  more  rarely  be  present,  forming  a  short  muscle  arising  from  the  root  of  the 
coracoid  process,  and  inserted  into  the  inner  side  of  the  humerus  just  below  the  capule  of  the 
shoulder-joint 

The  biceps  (m.  biceps  brachii)  is  the  large  superficial  muscle  which  lies  on  tlu^ 

front  of  the  upper  arm.     It  arises  by  two  tendinous  heads,     (1)  The  short  head  (caput 

})reve)  is  attached  in  common  witli  the  coraco-brachialis  to  the  tip  of  the  coracoid 

process  of  the  scapula  (Fig.  250,  p.  325).     Tendinous  at  first,  this  head  forms  a  separ- 

'e  fleshy  belly,  which  is  united  to  the  long  head  by  an  investment  of  the  deep  fascia. 
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(2)  The  long  head  {caput  longum)  arises  by  a  round  tendon  from  the  aupra-glenoid 
impression  at  the  root  of  the  coracoid  process  and  Iroin  the  glenoid  hgnment  on 
either     side.        Its    tendon  _ 

traverses  the  cavity  of   the  inBEBTinN  or 

shoulder-joint,  and  emei^ng  H^^"''" 

from    the    capeule    beneath  dklwhd 

the  transverse  ligament  (in- 
vested by  a  prolongation  of  AniUityMWrr 
the  synovial  membrane),  it  enUMmunervs 
occupies  the  bicipital  groove  ueaun  nart 
of  the  humerus,  covered  by                      |  Hrfi»''"^* 
a  fsacial  prolongation  of  the       imirtkoiop,                                                   (inner  hwd) 
tendon     of    the     pectoralis         '"^*job  uin„  n*ns 
major.      In   the  upper  arm        coKACo-mc 
it  forms  a  deshy  belly  united      saon  h»d  di 
to    that    derived    from   the       LonaBcicoi 
short  head   by  an  envelope 
of  deep  fascia. 

Theinaertion  of  the  muscle        b»achi.ij>  Mrkwd) 

ie  likewise  twofold.  (1)  The 
two  bellies  become  connected 
with  a  strong  tendon,  at- 
tached deeply  in  the  hollow 
of  the  elbow  to  the  rough 
posterior  portion  of  the 
bicipital  tubercle  of  the 
radius  (Figs.  264.  p.  343,  Hu,c„io-.|.ir, 
and  271,  p.  351).  A  bursa 
separates   the   tendon    from  ^^  ^^ 

th)!  anterior  portion  of  the 
tubercle.    (2)  From  the  inner 
and    anterior    part    of    the 
tendon,  and   partly  in  con-  e,tk!.»orc»bpi r 
tinuity  with  the  ilBshy  fibres  ■ 

of  the  muscle,  a  strong  mem- 
hranous  band  (the  semilniULr 
or    bicipital   fuda)   extends  RndiiUrK 

downwards  and  inwards  over 
the  hollow  of  the  elbowto  join 
the  deep  fascia  covering  the 
origins  of  the  flexor  and  pro- 
nator muscles  of  the  forearm. 
Its  upper  part  is  thickened  M.tfi™* 
andciinbefeltsiibcutaneously  ludiitiutt 

as  a  crescentic  border.  Antciior 

Except  at  its  origin  and  ' 

insertion  the  biceps  muscle 
ia  placed  superficially  on  the 
front  of  the  arm,  concealing 
the  brOL'lualis  unticus  muscle 
and  the  musculo-cutaneous 
nerve.  The  brachial  artery 
and  me<lian  nene  he  along 
itH  inner  border.     The  origin       „     „„     „  „  ^,  ... 

.     ,  1       ■        1  1  1  J  tia.    255.— SUPBBUCIAL    MUSCLKH    ON    THE    FBOHT    ay   THE    AhU 

of  the  muscle  is  deeply  placed  ^.jp  fobubh. 

tinder  cover  of  the  deltoid 

and  pect<iralis  major.     The  tendon  of  insertion  in  tlie  hollow  of  the  elbow  lies 

beneath   the  end  of  the  brachial   and  the  beginning  of  the  radial  artery.     The 

bicipital  fascia  se^tarates  the  brachial  artery  from  the  median  basilic  vein. 
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Tlie  bicepa  is  au  eitremely  variabk  muBcle,  lU  chief  aiiomaliea  are  due  Ui  an  incr«a»*  or 
diminutiou  in  the  number  of  origiuA.  A  third  h«ad  of  ori^  is  common  (10  per  cent),  aitd 
usually  arises  from  tLc  liutneniH,  between  the 
insertions  of  tile  deltoid  and  coraco-brachiali' 
PEiiEs  Two  or  even  three  additional  heads  mav  I* 
present  at  the  «auie  time.  The  long  head  nf 
the  muscle  may  be  alieent,  or  may  take  origin 
from  the  bicipital  groove.  The  muscle  nuiv 
have  an  additional  insertion  into  the  inli-mal 
condyle  of  the  liunienL«,  or  into  the  fa-H'ia  ni 
the  forearm. 

""  The  brachialis  anticns  (m.  bnchi- 

atie)    is  a   large    muticle    uisinK    from 

spiwATOn  the  lower  two-thirds  of  the  froat  of 
the   shaft   of  the   huinerua,  und    from 

nuoK       the    inter-muscular    septuiD    on    each 

•■■Ills  8'*^®  (f'igs-  257  and  258.  p.  335> 
Clasping  the  insertion  of  the  deltoid 
above,  it  ends  helow  in  a  strong  tendon 
iiiBSrted  into  the  rough  inferior  surface 
of  the  coronoid  process  of  the  ulna  and 
into  the  anterior  surface  of  the  shaft  of 
the  bone  immediately  below  (Fig.  264. 
p.  343).  A  few  of  the  deep  fibres  are 
inserted  into  the  anterior  ligament  of 

«r»pi.rii  ^^^  elbow-joint.  The  outer  part  of  the 
muscle  arising  from  the  external  epi- 
condjlic  ridge  and  external  intermus- 
cular septum  fonns  a  slip  more  or  less 

'**■'"  separate,  which  may  be  partially  fused 
with  the  brachio-radialis  muscle. 

The    brachialis    anticus    is   almost 

11 LM  wholly   concealed    from   view    by    the 

biceps    in    front,   the    brachio- radial  is 

II  externally,  and  the  brachial  vessels  in- 

ternally.    It  covers  the  elbow-joint,  and 
forms  part  of  the  floor  of  the  hollow 

,Hii  of  the  elliow.     It  is  separated  from  the 

brachio- radial  is    and   extensor   muscle^ 

"""  of  tlie  carpus  by  the  musculo -spiral 
nerve. 

.nciB  -piig  triceps  {m.  triceps  bracbii)   is 

the  only  muscle   t-n   the  back   of  the 
arm.     It  arisea  by  three  heads:  an  outer 

""•"'  and  au  inner  head,  from  the  humemis. 
and  a  middle  or  long  bead  from   the 

""""'        scapula.    (1)  The  middle,  long  or  tcapnlar 

^"'■"  head  (caput  longum)  begins  as  a  Btrt.ing 
tendon  nttuched  to  a  rough  triangular 
surface  on  the  axillary  border  of  tht- 
scapula  just  lielow  the  glenoid  fossa 
(Figs.  254,  p.  330.  and  250,  p  S'Jo  - 
This  gives  rise  to  a  fleshy  bi-lly  which 
occupies  the  middle  of  the  back  of  the 
arm    (2)  The  outer  head  (caput  lalerale' 

Flo.  2S8. — Thb  .MCSCI.B.S  on  thk  Back  ny  the  ..      l    j    i.       m »l       »„„j; 

Arm.  FoiiFAKM,  AND  Hand.  '^  attached  ny  fibres,  piirtly  tendinous 

and  partly  fleshy,  to  the  curved  outer 

border  of  the  humerus  from  the  insertion  of  the  tere-i  minor  above  to  the  muaculo- 

spiral  groove  below,  and  rei-eives  additional  fibres  from  the  back  of  the  external 

ntermuscular  sejituin  (Fig.  2'tii,  p.  335).     This  origin  is  thick  above  end  becomes 
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linear  below.  Its  fibres  are  directed  downwards  and  inwards  over  the  musculo-apiral 
groove  and  the  inner  head  of  the  muscle  to  the  tendon  of  insertion  (3)  The  inner 
head  (caput  mediale)  arises  by  fleshy  fibres  from  an  elongated  triangular  area  on  the 
back  of  the  humerus,  extending  upwards  to  the  level  of  the  insertion  of  the  teres 
major  on  the  inner  side,  and  downwards  nearly  to  the  margin  of  the  olecranon  fossa. 
(Fig-  258,  p.  335).     Externally  it  is  limited  above  liy  the  musculo- spiral  groove ; 


Common  tendon  for  origin  of 

Flo.  2S7. — Hdsclb- Attachments  to  tbi 


and  below  it  extends  downwards  on  either  side  of  the  olecranon  fossa  almost  to 
the  condyles  of  the  humerus.  It  also  arises  on  each  side  from  the  intermuscular 
septa, — from  the  whole  length  of  the  internal  septum,  and  from  the  part  of  the 
external  septum  which  is  below  the  passage  of  the  muecuio-spiral  nerve. 

The  three  heads  of  origin  are  inserted  by  a  common  tendon,  broad  and  membranous, 

into  an  impression  occupying  the  posterior  part  of  the  upper  end  of  the  olecranon 

process  of  the  ulna  (Fig.  271,  p.  351),  and  into  the  deep  fascia  of  the  forearm 

on  either  side  of  it.    The  long  and  outer  heads  join  the  borders  of  the  tendon  of 
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Nebve-Supplt. 

The  nerves  supplTing  the  muscles  connecting  the  upper  limb  to  the  trunk  aie  given  in  the 
following  table : — 


Mnscles. 


Trapezius 

Latissimus  dorsi 

Levator  scapulae 

Rhomboidei 

Pectorales 

Subclavius 
Serratus  magnus 


Nerves. 

Origin. 

/  Spinal  accessory  nerve 

Spinal  Cord 

I  Cervical  plexus 

C.     3.    4. 

Long  subscapular 

C.    6.    7.    a 

1  Cervical  plexus 
I  Posterior  scapular 

c.    a    4. 

C.    6. 

Posterior  scapular 

C.     5. 

/External  anterior  thoracic 
\  Internal        „             „ 

C.    6.    6.     7. 

C.    8.    T.    1. 

Brachial  plexus 

C.    5.    6. 

Posterior  thoracic 

C.    5.    e.    7. 

Actions. 

The  muscles  of  this  group  (together  with  the  stemo-cleido-mastoid  and  omohyoid  musdee)  act 
for  the  most  part  in  the  movements  of  the  shoulder  ffirdle  at  the  stemo-clavicular  and  acromio- 
clavicular joints.  At  the  former  joint  they  produce  tne  various  movements  of  the  clavicle  on  the 
sternum,  and  cause  the  shoulder  to  move  in  an  arc  the  centre  of  which  is  the  stemo-clavicular  joint 
At  the  acromio-davicular  articulation  thev  produce  a  rotation  of  the  scapula  on  the  clavicle,  and  a 
consequent  alteration  in  the  direction  of  the  glenoid  fossa.  At  the  same  time  the  several  mufides 
are  agents  in  other  equally  important  movements,  when  the  shoulder  dlrdle  is  fixed ;  movements 
of  the  head  and  neck ;  movements  of  the  trunk  and  ribs ;  and,  in  addition  in  the  case  of  the 
pectoralis  major  and  latissimus  dorsi,  important  movements  of  the  arm  at  the  shoulder-joint 

1.  Movements  of  the  Shoulder  Girdle. — The  action  of  this  group  of  muscles  on  the  shoulder 
girdle  (mainly  corresponding  to  movements  at  the  stemo-clavicular  joint)  may  be  expressed  in 
the  following  table : — 


a.  MoYement  in  a  Vertical  Plana 


h.  Movement  in  a  Horizontal  Plane. 


Elevation. 


Trapezius     (upper 

fibres) 
Levator  scapulae 
Rhomboidei 
Stemo-mastoid 
Omohyoid 


Depression. 


Trapezius      (lower 

fibres) 
Subclavius 
Pectoralis  minor 
Latissimus  dorsi 
Pectoralis      major 

(lower  fibres) 


Forwards. 


Backwards. 


Serratus  magnus 
Pectoralis  major 
Pectoralis  minor 


Trapezius 
Rhomboidei 
Latissimus  dorsi 


c.  Rotation — ^a  combination  of  these 

muscles. 


2.  Movements  of  the  scapula  on  the  clavicle  produce  an  alteration  of  the  direction  of  the 
glenoid  fossa  of  the  scapula,  and  are  accompanied  by  movements,  inwards  or  outwards,  forwards 
or  backwards,  of  the  inferior  angle  of  the  scapula.  £v  the  combined  action  of  the  muscles 
acting  upon  the  shoulder  girdle  a  rotatory  movement  of  the  scapula  at  the  acromio-clavicular 
joint  is  effected,  by  which  the  relation  of  the  glenoid  fossa  to  the  head  of  the  humerus  is  preserved 
in  movements  of  the  arm. 

3.  In  forced  inspiration,  the  stemo-mastoid,  trapezius,  levator  scapulee,  rhomboidei,  sub- 
clavius, omohyoid,  serratus  magnus,  pectoral  muscles,  and  latissimus  dorsi,  acting  together,  raise 
and  fix  the  shoulder  girdle ;  while  those  of  them  which  have  costal  attachments — subclavius, 
pectoral  muscles,  serratus  magnus,  and  latissimus  dorsi,  simultaneously  elevate  the  ribs  and 
expand  the  thorax. 

4.  Lateral  flexion  and  rotation  of  the  spine  in  the  neck  is  effected  partly  by  the  action  of 
the  trapezius,  levator  scapulse,  and  rhomboid  muscles  (with  the  shoulder  nxed).  The  latissimus 
dorsi  and  pectoralis  major  act  in  climbing  in  a  similar  way,  raising  up  the  trunk  towards  the 
shoulder. 

5.  Action  on  the  Upper  Limb. — By  reason  of  their  insertion  into  the  humerus  the  pectoralis 
major  and  latissimus  dorsi  muscles  assist  the  movements  of  the  upper  limb.  Acting  together,  the 
two  muscles  depress  the  shoulder,  and  draw  the  arm  to  the  side  of  the  body,  at  tne  same  time 
rotating  the  humerus  inwards.  The  two  parts  of  the  pectoralis  major  have  slightlv  different 
actions  on  the  humerus.  The  clavicular  part  of  the  muscle  {portio  attoU€ns)  draws  tne  arm  in- 
wards and  upwards ;  the  costo-stemal  part  of  the  muscle  {portio  deprimens)  draws  it  inwards  and 
downwards.  The  latissimus  dorsi  acting  alone,  besides  rotating  the  limb,  draws  it  inwards  and 
backwards,  as  in  the  act  of  swimming. 
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FASCIA  AND  MUSCLES  OF  THE  SHOULDER 

The  deep  f^cia  covering  the  scapular  muscles  presents  no  feature  of  special 
importance.  Attached  to  the  clavicle,  acromion,  and  scapular  spine,  it  is  thin  over 
the  deltoid  muscle.  Below  the  deltoid  it  is  thicker ;  it  encaaes  and  gives  origin  to 
the  infraspinatus  muacle,  and  is  continuous  with  the  faeoise  of  the  axilla  and  the 
back. 

Muscles. 

The  muscles  proper  to  the  shoulder  comprise  the  deltoid,  suprsspinatus,  infra- 


cuL 
has 

CD 

its 
324 

outer   Doraer   oi    tne   acromion 

process;    (3)  the  lower  edge  of  Fio.  26l.— Dbltoio  Kmion  and  Back  or  the  Ark. 

the  free  border  of  the  spine  of 

the  scapula  (Figs.  254,  p.  330,  and  250,  p.  325) ;  and  (4)  from  the  deep  fascia  cover- 
ing the  infraspinatus  muscle.  Its  origin  embraces  the  insertion  of  the  trapezius. 
Tbe  fibres  of  the  muscle  converge  to  the  outer  side  of  the  shaft  of  the  humerus,  to 
be  inserted  into  a  well-marked  V-shaped  impression  above  the  spiral  groove  (Figs. 
257  and  258,  p.  335).  The  insertion  is  partly  united  with  the-  tendon  of  the 
pectoralifl  major.  The  deltoid  is  superficial  in  its  whole  extent,  and  forms  the  prom- 
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inence  of  the  shoulder.  Its  anterior  border  ie  separated  from  the  pectoralis  major 
by  a  narrow  interval,  in  which  the  cephalic  vein  and  humeral  artery  are  placed-  The 
deep  surface  of  the  muscle  is  separated  by  a  bursa  from  the  capsule  of  the  shoulder- 


ipulir  ntrr* 


D«r  COllktlTSl) 
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dated  with 
00  -  acromial 
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the  coraco- 
ort  head  of 
the  capsule 
sovBring  the 
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jfheadofthf 
□ents  of  the 
uatuB,  infra- 
lor ;  and  (3) 
the  external 
the  kumervs, 
are  the  cir- 
lervB.  The 
the  deltoid 
irallel  fibrea, 
ate  from  the 
}  THK  '^^^  ^^  ^^^  muscle  at  their  origin 
from  the  clavicle.  These  fibres  may 
be  continuous  with  the  trapezius 
over  the  clavicle.  The  most  posterior  part  arises  by  a  fascial  origin  from  the  spine 
of  the  scapula  and  the  fascia  over  the  infraspinatus  muscle.  These  portions  are 
attached  resi)ectively  to  the  front  and  back  of  the  main  tendon  of  insertion.  The 
intermediate  fibres  are  multipennate,  attached  above  and  below  to  three  or  four 
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septal  tendons,  which  extend  for  a  variable  distance  from  the  origin  aad  insertion 

of  the  muscle. 

The  supraspinatns  arises  by  Heshy  fibres  from  the  supraspinous  fossa  (except 

near  the  neck  of  the  bone)  and  from  the  deep  fascia  over  it  (Fig.  254,  p.  330). 

It  ia  directed  outwards  under  the  acromion  process  and  coraco-acromial  ligament 

to  be  inserted  by  a  broad  thick  tendon  into  the  uppermost  facet  on   the  great 

tuberosity  of  the  humerus,  and 

into  the  capsule  of  the  shoulder- 
joint  (Fig.  253,  p.  329). 

The  muscle  is  entirely  con- 
cealed from  view  by  the  trapezius, 

the   acromion   process,  and   the 

deltoid   muscle.     It  covers  the 

neck  of  tiie  scapula,  the  supra- 
scapular vessels  and  nerves,  and 

the  upper  surface  of  the  capsule 

of  the  shoulder-joint. 

The  infraspinatas  arises  from 

the   infraspinous    fossa   of    the 

scapula  (excepting  near  the  neck 

of  the  bone  and  the  fiat  surface 

along  the  axillary  border)  and 

from  the   thick    fascia   over  it 

(Fig.  254,  p.  330).     The  fibres  of 

the  muscle  converge  to  the  neck 

uf  the  scapula ;  and  are  inserted 

by  tendon  into  the  middle  facet 

on  the  great  tuberosity  of  the 

humerus,  und  into  the  capsule 

of  the  shnnlder-joint  (Fig.  258, 

p.  335).     A  bursa  separates  the 

muscle   from    the  neck   of   the  • 

scapula,  and  in   a   minority  of 

cases  communicates  with  the 
synovial  cavity  of  the  shoulder- 
joint. 

The  upper  part  of  the  muscle 
is  hidden  from  view  by  the  del- 
toid. Its  lower  part  is  super- 
ficial, and  its  outer  border  is  in 
contact  with  the  teres  minor. 
Near  it'i  insertion  it  crosses  the 

neck   of   the   scapula   and   the  ''™ 

back    of    the    capsule    of    the  '■' 

shoulder-joint. 

The  teres  minor  is  a  small 
muscle,  arising    by  fleshy  fibres  common  ioi..ion  tur  urigin  of 

from  the  upper  two-thirds  of  the  e«mi«or mnH-iB, of  fo«™ 

flat  surface  on  the  dorsal  aspect       ^,^^  ^53  —  Must  lk- attach  a  knto  to  thb  Front  0?  thb 
of   the  axillary   border    of  the  "       '  hi:.«bhits. 

scapula,  and   from  fascial  septa 

sej>aratinfj  it  from  the  infraspinatus  and  teres  major  muscles  (Fig.  254,  p.  330). 
Lying  alongside  the  outer  border  of  the  infraspinatus,  it  is  inserted  under  cover 
of  the  deltoid  by  a  thick  flat  tendon  into  the  lowest  of  the  three  facets  on  the 
jreat  tuberosity  of  the  humerus  and  into  the  capsule  of  the  shoulder-joint,  and 
by  fleshy  fibres  into  the  posterior  aspect  of  the  surgical  neck  and  shaft  of  the 
humerus,  below  the  tuberosity  for  about  an  inch  (Fig.  258,  p.  335),  It  is 
.separated  from  the  teres  major  by  the  scapular  head  of  the  triceps,  and  by  the 
posterior  circumflex  vessels  and  the  circumflex  nerve.     Its  origin  is  pierced  by 
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the  dorsal  scapular  artetj.     The  muscle  is  invested  b;  the  deep  fascia  enctosiDg  the 
iDfraspinatus,  and  is  sometimes  inseparable  from  that  muscle. 

The  teres  nuyor  is  much  larger  than  the  preceding  muscle.  It  arlaes  by  fleshy 
fibres  from  the  lower  third  of  the  flat  surface  on  the  dorsum  of  the  scapula  aJong  it^ 
axillary  border  (except  for  a  small  area  at  the  lower  angle),  and  from  fascial  septa, 
which  separate  it  on  the  one  side  from  the  subscapularis,  and  on  the  other  from  the 
infraspinatus  and  teres  minor  (Fig.  254,  p.  330).  The  muscle  is  directed  along 
the  axillary  border  of  the  scapula  to  the  front  of  the  shaft  of  the  humerus,  where 
it  is  inserted  hy  a  broad  flat  tendon  into  the  inner  border  of  the  bicipital  groove 
internal  to  the  latissimus  dorsi  muscle  (Fig.  257,  p.  335).  Just  before  its  insertioa 
it  is  closely  adherent  to  the  tendon  of  the  latissimus  dorsL 

The  teres  major  helps  to  form  the  posterior  wall  of  the  axilla.  It  lies  below 
the  subscapularis,  and  is  in  close  relation  with  the  latissimus  dorsi  muscle,  which 

conceals  its  origin  pos- 
teriorly, winds  round  its 
outerborder,andparti&lly 
separates  its  anterior  sur- 
face from  the  axillary 
vessels  and  nerves.  The 
muscle  forms  the  lower 
[(origin)  boundary  of  a  large  tri- 
angular interval,  bounded 
extemallyon  the  posterior 
wall  of  the  axilla  by  the 
''"°'  surgical  neck  of  the 
humerus,  and  above  by 
the  borders  of  the  sub- 
jin)  with  scapularifland  teres  minor 
muscles.  The  long  head 
of  the  triceps  passes  behind 
the  teres  major  and  sub- 
divides this  space  into 
two,  a  quadrilateral  space 
limited  by  the  triceps  and 
surgical  neck  of  the 
humerus  for  the  passage 
of  the  circumflex  ner\'e 
and  posterior  circumflex 
vessels,  and  a  smaller  tri- 
angular space  bounded  by 
the  triceps,  subscapularis, 
and  teres  major,  lor  the 
Flo.  254.— HuscLi-ATTAcmiENTH  TO  THE  ScAPULA  (Poiierior  Sur&oe).     dorsal  Bcapular  artery. 

The  BnbacapoiariB 
is  a  large  triangular  muscle  occupying  the  venter  of  the  scapula.  It  arisM 
by  fleshy  fibres  from  the  whole  of  the  subscapular  fossa  and  the  groove  along 
the  a.\illary  border,  exoeptiog  the  surfaces  at  the  angles  of  the  bone  (Fig.  250, 
p.  325).  Springing  from  several  ridges  in  the  fossa  are  septa  projecting  into 
the  substance  of  the  muscle,  which  increase  the  extent  of  its  attachment  Con- 
vei^ngto  the  head  of  the  humerus,  the  muscular  fibres  are  inserted  by  a  broad,  thick 
tendon  into  the  lesser  tuberosity  of  the  humerus  and  into  the  capsule  of  the  shoulder- 
joint,  and  by  fleshy  fibres  into  the  surgical  neck  and  the  shaft  of  the  humerus 
below  the  tuberosity  for  about  an  inch,  under  cover  of  the  coraco-brachialis  and 
short  head  of  the  biceps  (Fig.  257,  p.  335).  This  muscle  forms  the  greater  part  of 
the  posterior  wall  of  the  axilla-  Its  inner  or  anterior  surface  is  in  contact  with  the 
serratus  magnus  and  the  axillary  vessels  and  nerves.  Its  deep  surface  is  separated 
from  the  neck  of  the  scapula  by  a  bursa,  which  is  in  direct  communication  with  the 
synovial  cavity  of  the  shoulder- joint.  Its  upper  border  passes  beneath  the  coracoid 
process ;  its  outer  border  is  separated  from  the  teres  major  by  the  posterior  circum- 
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flex  vessels  and  the  circumflex  nerve,  the  long  head  of  the  triceps  muscle,  and  the 
dorsal  scapular  artery. 

The  snbecapularis  minor  is  an  occasional  muscle  situated  below  the  capsule  of  the  shoulder- 
join  u  It  arises  from  the  axillary  border  of  the  scapula  below  the  subscapularis,  and  is  inserted 
into  the  capsule  of  the  joint  or  the  upper  part  of  the  shaft  of  the  humerus. 

Nbrve- Supply. 

The  muscles  of  this  group  are  all  supplied  by  the  fifth  and  sixth  cervical  nerves,  through 
nerves  arising  from  posterior  tnmks  of  the  brachial  plexus. 


MuscleB. 


Deltoid  I 

Teres  minor    / 
Supras^inatus) 
Infraspinatus  / 
Teres  major 
Subscapular  is 


Nerves. 


Origin. 


Circumflex 

Suprascapular 

Lower  subscapular 

Lower  and  upper  subscapular 


I 


C.  5.  6. 


Actions. 

The  principal  action  of  this  group  of  muscles  is  on  the  shoulder-joint 
secondary  actions  in  relation  to  movements  of  the  trunk  and  limba 


They  have  also 


1.  Movements  at  the  Shoulder-Joint. 


a.  AbdnciicnL 

Deltoid 
Suprsspinatus 


Addnction. 


Teres  major 
Teres  minor 
Pectoralis  major 
Latissimus  dorsi 
Coraco-brachialis 
Biceps  (short  head) 
Triceps  (long  head) 
(Weight  of  limb) 


b.  Flezioa  (Forwards). 


Deltoid  (anterior  fibres) 
Subecapularis 
Pectoralis  major 
Coraco-brachialis 
Biceps 


Extension  (Backwards). 


Deltoid  (posterior  fibres) 
Teres  major 
Infraspinatus 
Latissimus  dorsi 
Triceps 


c.  Rotation  Outwards. 


Deltoid  (posterior  fibres) 

Infraspinatus 

Teres  minor 


Rotation  Inwards. 


Deltoid  (anterior  fibres) 
Teres  major 
Pectoralis  major 
Latissimus  dorai 


d.  Circiundnotlon— combination  of  previous  muscles. 


The  various  movements  at  the  shoulder-joint  are  greatly  aided  by  the  muscles  acting  on  the 
shoulder  girdle.  In  raising  the  arm  above  the  head,  for  instance,  the  humerus  is  brought  to  the 
horizontal  position  bv  the  deltoid  and  supraspinatus,  and  the  movement  is  continued  by  the 
elevators  of  the  shoulder  girdle.  Again,  in  forward  and  backward  movements  at  the  shoulder- 
joint,  great  assistance  is  derived  from  muscles  acting  directly  on  the  shoulder  girdle — pectoralis 
minor  and  serratus  magnus ;  trapezius  and  rhomboidei. 

2.  In  relation  to  the  trunk  and  limbs,  the  shoulder  muscles,  by  fixing  the  humerus,  have 
auxiliary  power  on  the  one  hand  in  movements  of  the  trunk,  such  as  forced  inspiration ;  on  the 
other  hand,  acting  along  with  muscles  fixing  the  elbow-joint,  they  stiffen  the  limb  so  as  to 
jiermit  of  the  more  refined  movements  of  the  wrist  and  fingers. 

23  a 
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FASCIA  AND  MUSCLES  OF  THE  ARM. 

FASCIA. 

The  superficial  fascia  preseuts  no  features  of  importance.  There  is  a  bursa 
beneath  it  over  the  olecranon  process,  and  occasionally  another  over  the  inner 
condyle  of  the  humerus. 

The  deep  fascia  forms  a  strong  tubular  investment  for  the  muscles  on  the  front 
and  back  of  the  humerus.  It  is  continuous  above  with  the  deep  fascia  of  the 
shoulder  and  axilla,  and  is  further  strengthened  by  fibres  derived  from  the  insertions 
of  muscles  attached  to  the  upper  part  of  the  humerus,  viz.,  from  the  pectoralis  major, 
latissimus  dorsi,  and  deltoid.  At  the  elbow  it  becomes  continuous  with  the  deep 
fascia  of  the  forearm,  and  gains  attachment  to  the  condyles  of  the  humerus  and 
the  olecranon  process  of  the  ulna;  it  is  strengthened  also  by  important  bands 
associated  with  the  insertions  of  the  biceps  in  front  and  the  triceps  behind,  to  which 
reference  will  be  made  in  the  account  of  these  muscles. 

About  the  middle  of  the  upper  arm  in  front  of  the  inner  border,  the  deep  fascia 
is  perforated  for  the  passage  of  the  basilic  vein  and  the  internal  cutaneous  nerve. 

The  intermuscular  septa  are  processes  of  the  deep  fascia  attached  to  the 
supracondyloid  or  epicondylic  ridges  of  the  humerus.  The  internal  and  stronger 
septum  is  placed  between  the  brachialis  anticus  in  front  and  the  inner  head  of  the 
triceps  behind,  and  gives  origin  to  both.  It  extends  upwards  to  the  insertion  of 
the  coraco-brachialis  (which  is  often  continued  into  it),  and  the  ulnar  nerve  and 
inferior  profunda  vessels  pass  down  over  its  inner  edge.  The  external  septum  is 
thinner.  It  separates  the  brachialis  anticus  and  brachio-radialis  in  front  from 
the  inner  and  outer  heads  of  the  triceps  behind,  and  gives  origin  to  these  muscles. 
It  extends  upwards  to  the  insertion  of  the  deltoid,  and  is  pierced  by  the  musculo- 
spiral  nerve  and  superior  profunda  vessels. 

MUSCLES. 

The  coraco-brachialis  is  a  rudimentary  muscle  placed  on  the  front  and  inner 
aspect  of  the  arm.  It  arises  in  common  with  the  short  head  of  the  biceps  from 
the  tip  of  the  coracoid  process  of  the  scapula  (Fig.  250,  p.  325),  and  is  commonly 
connected  at  its  origin  with  the  insertion  of  the  pectoralis  minor.  The  origin  of 
the  muscle  is  by  fleshy  fibres  attached  (1)  to  the  tip  of  the  coracoid  process  below 
and  internal  to  the  biceps  tendon,  and  (2)  to  the  tendon  of  the  biceps  itself.  The 
muscle  is  partially  subdivided  into  two  parts  by  the  musculo-cutaneous  nerve,  and 
ends  in  a  flat  tendon  inserted  into  a  faint  linear  impression  about  an  inch  in  len<rth 
on  the  middle  of  the  inner  border  of  the  shaft  of  the  humerus  (Fig.  257,  p.  335). 
It  is  often  continued  into  the  internal  intermuscular  septum. 

The  muscle  lies  on  the  inner  side  of  the  biceps,  and  is  concealed  at  first  by  the 
deltoid  and  pectoralis  major.  In  the  lower  part  of  its  extent  it  is  superficial,  and 
forms  a  swelling  beneath  the  skin  on  the  inner  side  of  the  arm  which  serves  as  a 
guide  to  the  axillary  and  brachial  arterii  s. 

The  coraco-brachialis  is  the  remains  of  a  threefold  muscle,  of  which  only  two  eleineut«  are 
usually  present  in  man,  hut  of  which  m  anomalous  cases  all  the  jmrts  may  be  more  or  less  fully 
developed.  The  passage  of  the  musculo-cutaneous  nerve  through  the  muscle  is  an  indication  of 
ite  natural  separation  into  two  parts,  which  represent  the  persistent  middle  and  inferior  elements. 
The  commonest  variety  is  one  m  which  the  more  su])erficial  (inferior)  part  of  the  muscle  exten<i8 
farther  down  the  arm  than  usual,  so  as  to  be  inserted  into  the  internal  intermuscular  septum,  or  even 
into  the  internal  condyle  of  the  humerus.  A  third  slip  (coraco-brachialis  superior  or  brevis, 
rotator  humeri)  may  more  rarely  be  j)resent,  forming  a  short  muscle  arising  from  the  root  of  the 
coracoid  process,  and  inserted  into  the  inner  side  of  the  humerus  just  below  the  cai»?ule  of  the 
shoulder-joint 

The  biceps  (m.  biceps  brachii)  is  the  large  superficial  muscle  which  lies  on  the 
front  of  the  upper  arm.  It  arises  by  two  tendinous  heads,  ( 1)  The  short  head  (caput 
breve)  is  attached  in  common  with  the  coraco-brachialis  to  the  tip  of  the  coracoid 
process  of  the  scapula  (Fig.  250,  p.  325).  Tendinous  at  first,  this  head  forms  a  separ- 
ite  fleshy  belly,  which  is  united  to  the  long  head  by  an  investment  of  the  deep  fascia. 
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'2)  The  lone  head  (caput  luiigum)  arises  by  a  round  tendon  from  the  supra-glenoid 
impression  at  the  root  of  the  coracoid  process  and  Iroiu  the  glenoid  ligament  on 

either     side.        Its    tendon  

tm verses  the  cavity  of  the  [HaESTiniiDr 

shoulder-joint,  and  emerging  "^'"'■" 

from    the    capsule    beneath  diltoid 

the  transverse  ligament  (in- 
vested by  a  prolongation  of  miittyuwri 
the  synovial  membrane),  it  SlitaS^nen™ 
occupies  the  bicipital  groove  i((.diBn  nerve 
of  the  humerus,  covered  by                      |  K^"'"^i 
a  fascial  proloniration  of  the       ibbmitioii  or  ;iniierh«d) 
tendon     oi     the     pectoraUs              hijor  uimtmnB 
major.      In  the  upper  arm        cob*oo-»ii»c 
it  forms  a  tieahy  belly  united      SHon  hud  oi 
to    that   derived    from   the       LoiraHiu.oi 
short  head   by  an  envelope 
of  deep  fascia. 

The  insertion  of  the  muscle         Biuchuui  wind} 

is  likewise  twofold.  (I)  The 
two  bellies  become  connected 
with  a  strong  tendon,  at- 
tached deeply  in  the  hollow 
of  the  elbow  to  the  rough 
posterior  portion  of  the  '*^"^"  "*"^ 
bicipital  tubercle  of  the 
radius  (Figs.  264,  p.  343,  H"«"i<«pip 
and  271,  p.  351).  A  bursa 
separates   the   tendon    irom  ^^  ^^ 

the  anterior  portion  of  the 

tubercle.    (2)  From  the  inner  iDnimtt 

and    anterior    part    of    the  nfiaMm 

ten  Jon,  and   partly  in  con-  bitis»okc*rpi  ■ 

tiuuity  with  the  ileshy  fibres  '  tiBAOukui 

of  the  muscle,  a  strong  mem- 

hninoiLS  band  (the  semilunar  ""'™ 

or   bicipital   fiucia)   extends  ibdiaiiru  fiuliarib 

downwards  and  inwards  over 

the  hollow  of  the  elbow  to  join  ""'"  "■""""" 

the  deep  fascia  covering  the 

origins  of  the  flexor  and  pro-  """  poLtitw 

nator  muscles  of  the  forearm.  uumATm 

Its  upper  part  is  thickened         HitJ*™* 
andciinbeftiltsitbcutaneously  R>uii>i>rti 

as  a  crescentic  border.  Anterior 

Except  at  its  origin  and  ' 

insertion  the  biceps  muscle 
is  placed  superficially  on  the 
front  of  the  arm,  concealing 
the  brachialis  anticus  muscle 
and  the  rausculo-cutaneous 
nerve.  The  brachial  artery 
and  median  nerve  lie  along 
its  inner  border.     The  origin       „     „,,     ~  „  ^  . 

,^,  1-1  ,  ,    *    J  He.    265.— SUPBBUCrAI,   MCSCLM  ON   TUB   FRONT  OF  TUB   AHU 

ot  the  muscle  is  deeply  placed  ^^^  Foheahu. 

imder  cover  of  the  deltoid 

and  pectoralis  major.     The  tendon  of  insertion  in  the  hollow  of  the  elbow  lies 

beneath   the  end  of  the  brachial   and  the  beginning  of  the  radial  artery.     The 

bicipital  fascia  separates  the  brachial  artery  from  the  median  basilic  vein. 
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The  biC6p8  is  sn  extremely  variable  muBcle.    lu  chief  anomalies  &k  due  to  an  iuLTesKC  or 

diiiiinutiou  in  the  number  of  origios.     A  third  bead  of  oriEin  la  coninion  (10  per  cent),  anil 

itsuallv  arisea  from  the  humerus,  between  tlit 

.  insertiime  of  the  deltoid  and  coraco'brach  »]■!>. 

|Tii«Ftiitrs         Two  or  even  three  additional   heads  may  Ix- 

present  at  the  same  time.     The  long  head  of 

the  muHcle  may  be  alieent,  or  may  lalce  origin 

from   the  bicipital  groove.     The  muscle   niay 

have  sn  additional  inwrtion  into  the  inli'ninl 

condyle  of  the  huineni.',  or  into  the  fiu>i;ia  <A 

the  forearm. 

"'"''"'  The  brachialis  aoticiu  (m.  bmchi- 

aliB)    is  a   large    muscle    uieiiig    from 

imiiAsi-iN.TfB  the  lower  two-thirds  of  the  front  of 
the   ahaft   of  the   huineruB,  and   from 

TraiaMuoR       the    inter-musciilar    septum    on    each 

1..t,™,m™  ^'•'6      C^%^      ^^"^      ^^^      2^8'     P-      ^■*'^)- 

Bona]  Clasping   the  inBertion   of  the  delt«id 

above,  it  ends  below  in  a  strong  tendon 
inserted  into  the  rough  inferior  surface 
of  the  coronoid  process  of  the  uhia  and 
into  the  anterior  surface  of  the  shaft  of 

""'■  the  bone  immediately  below  (Fig.  264. 

p.  343).  A  few  of  the  deep  fibres  are 
inserted  into  the  anterior  ligament  of 

lUMii  .r  wpiom    ^^^  elbow-joint.     The  outer  part  of  the 

■!•"»  muscle  arising  from  the  external  epi- 

condylic  ridge  and  external  intermus- 
cular septum  forms  a  slip  more  or  less 

"  """"-'"  separate,  which  may  be  partially  fused 
with  the  biachio-radialis  muscle. 

The    brachialis    anticus    is   almost 

'I  ■•DiiLig  wholly   concealed     from   view    by    the 

biceps    in    front,   the    brachio-radiaJis 

loirMnii  externally,  and  the  brachial  vessels  in- 

ternally.   It  covers  the  elbow-joint,  and 

SDIOTORUH      f^|.j||g     p^j.j^     qJ-     jjjg     f^^^J     pj-      jjjg     hollow 

PI  I'LKARi.  of  the  ellxiw.     It  is  separated  from  the 

bracliio-radialis    and   extensor   muaclos 

tMmti-ARri  ^f  j^jjg  carpus  by  the  musculo  -  spiral 
nerve. 

nHPOLMciH  fjie  triceps  (m.  triceps  hrachii)   is 

the  only  muscle  on  the  back  of  the 
arm.     It  arises  by  three  heads:  aii  outer 

LTEKikiiuur  and  an  inner  head,  from  the  humerus, 
and  a  middle  or  long  head  from  the 

brii«,di™t        scapula.    (l)Themiddle,loiigore(«piiUr 

>i-«roLucu        j^gj^^  (caput  loNguui)  begins  as  a  strong 

'■"•  tendon  attached  to  a  rough  triangular 

snvface  on  the  axillary  border  of  the 

scapula    just   below   the   glenoid    fot^Mt 

(Figs.   254,  p.   330,  and    250,  p.  325;. 

This  gives  rise  to  a  fleshy  belly  which 

occupies  the  middle  of  the  back  of  the 

arm.    (2)  The  onter  head  (caput  laterale'. 

p,o.  »«-^;;>V™;»™  ",■„■'.';«  "■  ™'      l,  mtaihed  l.y  libn»,  partly  fndino,,, 

and  partly  fleshy,  to  the  curved  ouKr 

border  of  the  humerus  from  tlie  insertion  of  the  tere^  minor  above  to  the  muaculo- 

spiral  groove  below,  and  receives  additional  fibres  from  the  back  of  the  external 

intermuscular  septum  (Fig.  2.^18,  p.  335).     This  origin  is  thick  above  and  becomes- 
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linear  below.  Its  Sbree  are  directed  downwards  and  inwards  over  the  musculo-epiral 
groove  and  the  inner  head  of  the  muscle  to  the  tendon  ol'  insertion  (3)  The  inner 
head  (caput  mediale)  ariseB  by  fleshy  fibres  from  an  elongated  triangular  area  on  the 
back  of  the  humerus,  extending  upwards  to  the  level  of  the  insertion  of  the  teres 
major  on  the  inner  side,  and  downwards  nearly  to  the  margin  of  the  olecranon  fossa. 
(Fig.  258,  p.  335).     Externally  it  is  limited  above  by  the  miisculo-spiral  groove ; 


'BB  FhOMT  oy  FlO.  258.— MUBCLB-AlTiCHllBNTS  TO  THE  BlCK 

TBE  ncKiauB.  or  thb  Homeros. 

and  below  it  extends  downwards  on  either  side  of  the  olecranon  fossa  almost  to 
the  condyles  of  the  humerus.  It  also  arises  on  each  side  from  the  intermuscular 
septa, — from  the  whole  length  of  the  internal  septum,  and  from  the  part  of  the 
external  septum  which  is  below  the  passage  of  the  muaculo-spiral  nerve. 

The  three  heads  of  origin  are  insertBd  by  a  common  tendon,  broa.d  and  membranous, 

into  an  impression  occupying  the  posterior  part  of  the  upper  end  of  the  olecranon 

process  of  the  ulna  (Fig  271,  p.  351),  and  into  the  deep  fascia  of  the  forearm 

on  either  side  of  it.     The  long  and  outer  heads  join  the  borders  of  the  tendon  of 

236 
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insertion,  and  the  inner  head  is  attached  to  its  deep  surface.  A  small  thick-walled 
bursa  separates  the  tendon  of  the  triceps  from  the  posterior  ligament  of  the  elbow- 
joint  and  the  anterior  part  of  the  upper  end  of  the  olecranon  process. 

The  long  head  of  the  triceps  is  concealed  at  first  by  the  teres  major  and  teres 
minor,  and  by  the  deltoid  muscle.  Along  with  the  outer  head  it  conceals  the  musculo- 
spiral  nerve  and  superior  profunda  artery,  and  covers  the  inner  head  of  the  muscle. 
The  inner  is  the  deep  head,  and  is  only  visible  at  the  lateral  borders  of  the  muscle. 

The  subanconeus  is  a  small  muscle  occasionally  present,  which  consists  of  scattered  fibres 
arising  from  the  lower  end  of  the  humerus  beneath  the  triceps,  and  inserted  into  the  posterior 
ligament  of  the  elbow-joint 

Nkrve-Supply. 
The  following  nerves  supply  the  muscles  of  the  arm : — 


HoBcles.  Nerves.  Origin. 


Coraco-brachialis  \ 

Biceps  I  . 

Bracliialis  anticusj 

Brachialis  anticus  ^ 

Triceps  I 

Outer  head  j 

Middle  and  inner  heads  j 


C.     7. 
Miisculo-cutaneous    -!  C. 


7: 

[c. 
;/ 


c. 


Musculo-spiral        .  \C.   (6)     7.     8. 

Ic. 


5. 

6. 

5. 

6. 

(5) 

6. 

(6) 

7. 

7. 

8. 

Actions. 

(1)  The  chief  action  of  these  muscles  (excepting  the  coraco-brachialis)  is  on  the  elbow-joint, 
producing  along  with  other  muscles  flexion  and  extension.  The  flexor  muscles  are  much  more 
powerful  than  the  extensora 

Table  of  Muscles  actinia  on  the  Elbow-Joint. 


Flexors.  i  Eztenson. 


Biceps  Triceps 

Brachialis  anticus  Anconeus 

Brachio-radialis  Extensors  of  vrrist  and  fingers  (in  supination) 

Pronator  radii  teres  | 

Flexors  of  wrist  and  fingers  , 

Extensors  of  wrist  (in  pronation)    I 


(2)  The  coraco-bracliialis  muscle  acts  only  on  the  shoulder-joint,  assisting  the  biceps  as  an 
adductor  and  flexor  of  the  humerus. 

(3)  Subordinate  and  accessory  movements  are  performed  by  all  the  muscles  of  this  group 
except  the  brachialis  anticus.  The  biceps  supinates  the  forearm,  flexes  the  elbow,  and  with  the 
aid  of  the  coraco-brachialis  adducts  and  flexes  the  humerus  at  the  shoulder-joint  The  tricaps 
through  its  scapular  head  adducts  and  extends  the  humerus,  besides  extending  the  elbow-joint. 

FASCIiE   AND   MUSCLES   OF  THE  FOEEARM  AND   HAND. 

FASCLE. 

The  superficial  fascia  in  the  forearm  presents  no  exceptional  features.  On 
the  dorsum  of  the  hand  it  is  loose  and  thin ;  in  the  palm  it  is  generally  well 
furnished  with  fat,  forming  pads  for  the  protection  of  the  vessels  and  nerves.  It  is 
closely  adherent  to  the  palmar  fascia  and  to  the  skin,  especially  along  the  lines  of 
flexure. 

The  palmaris  brevis  is  a  quadrilateral  subcutaneous  muscle  occupying  the 
inner  side  of  the  hand  under  the  superficial  fascia.  It  arises  from  the  inner  border 
of  the  thick  central  portion  of  the  palmar  fascia  and  from  the  front  of  the  anterior 
annular  ligament  of  the  wrist,  and  is  inserted  into  the  skin  of  the  inner  border  of 
the  hand  for  a  variable  distance.  It  covers  the  ulnar  artery  and  nerve,  branches 
if  which  supply  it.     Its  action  is  to  wrinkle  the  skin  of  the  inner  border  of  the 
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haod,  aiitl  by  raising  up  the  skin  and  Buperficial  fascia,  to  deepen  the  hollow  of 
the  hand. 

The  deep  fascia  of  the  forearm  and  hand  is  continuous  above  with  the  deep 
fascia  of  the  arm.  At  the  upper  part  of  the  forearm  it  is  strengthened  by  additional 
fibres  around  the  elbow;  in  front  by  fibres  from  the  semilunar  fascia  of  the 
biceps,  behind  by  the  fascial  insertions  of  the  triceps,  and  laterally  by  fibres  derived 
from  the  humeral 
condyles  m  rela-  <irtii<'iiiKiiai>mr>'n     bniiich»  ofttio 

Cion    to   the  com-  "^    iilnamfru 

mon    tendons  of 

origin    of    the 

flexor     and    ex- 

tenswr  muscles  of 

the  forearm.     It 

closely  invests   *^'"^^,- 

aod  yives  origin       apdvito 

to  these  muscles.        uSTitir 

It  is  attached  to  ""'^'' 

the      posterior 

t>orderoftheulna  "■ 

in     the    whole 

length  of  thefore- 

arm,  aud  affords 

increased  attach- 

mentto  the  flexor 

and      extensor  '' 

carpi  ulnaria  and 

the    flexor    pro- 

fund  US  digitorum 

muscles.      Above 

the     wrist     the  fic,  25B.— Tbb  Palh  op  the  Hamd  (SUPKKPICIAL  Disbbctios). 

fascia  is  pierced 

anteriorly  by  the  tendon  of  the  palmaris  longus,  and  by  the  ulnar  artery  and  nerve. 

At  the  wrist  it  gains  attachment  to  the  bones  of  the  forearm  and  carpus,  is  greatly 

strengthened  by  addition  of  transveree  fibres,  and  constitutes  ths  atmnlar  Ugunents. 

The  anterior  annular  ligament  of  the  wrist  is  a  band  about  an  inch  and  a 
half  in  depth,  continuous  above  and  below  with  the  deep  fascia  of  the  forearm  and 
the  palm  of  the  hand.  It  is  attached  to  the  scaphoid  and  trapezium  externally  : 
to  the  pisiform  and  unciform  bones  internally ;  aud  it  forms  a  membranous  arch 
binding  down  in  the  hollow  of  the  carpus  the  flexor  tendons  of  the  fingers  and  the 
median  nerve.  It  is  divided  into  two  compartments,  the  lai^er  accommodating  the 
tendons  of  the  flexors  of  the  digits  and  the  median  nerve,  the  smaller  (placed 
externally)  containing  the  tendon  of  the  flexor  carpi  radialis.  There  are  three 
synovial  membranes  in  these  compartments:  one  for  the  flexor  carpi  radialis 
tendon,  and  two  others,  which  often  communicate  together,  enveloping  the  tendon 
of  the  flexor  longus  pollicis  and  the  flexor  tendons  of  the  fingers  respectively. 
The  surface  of  the  ligament  is  crossed  by  the  palmar  branches  of  the  median  and 
ulnar  nerves ;  by  the  tendon  of  the  palmaris  longus  muscle,  which  is  attached  to 
its  surface ;  and  by  the  ulnar  artery  and  nerve,  which  are  again  bridged  over  and 
protected  by  a  band  of  fibrous  tissue  passing  from  the  pisiform  bone  and  the 
superficial  fascia  to  the  surface  of  the  ligament.  To  the  lower  border  of  the 
ligament  are  attached  the  palmar  fascia  in  the  centre,  and  the  superficial  muscles 
of  the  thumb  and  the  muscles  of  the  little  finger  on  each  side. 

The  posterior  annular  ligament  of  the  wrist  is  placed  at  a  higher  level 
than  the  previous  ligament.  It  consists  of  an  oblique  band  of  fibres  about  an 
inch  broad,  continuous  above  and  below  with  the  deep  fascia  of  the  forearm  and 
hand.  It  is  attached  externally  to  the  outer  side  of  the  lower  end  of  the  radius, 
and  internally  to  the  lower  end  of  the  ulna  (styloid  process),  the  carpus,  and  the 
internal  lateral  ligament  of  the  wrist.     It  is  covered  by  veins,  by  the  radial  nerve. 
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and  by  the  dorsal  branch  of  the  ulDar  nerve.  Six  compartments  are  formed 
beneath  it  by  the  attachment  of  Beptal  bauds  to  the  lower  )>ndB  of  the  radius 
and  ulna.  Each  compartmeut  is  provided  with  a  synovial  memhrane,  and  they 
serve  to  transmit  the  extensor  tendons  of  the  wrist  and  6nger8  in  the  following 
order  from  without  inwards : — 

1.  Extensor  ossis  metacarpi  pollicis  and  extensor  brevis  poUicis. 

2.  Extensores  carpi  radiales,  longior  and  brevior 

3.  Extensor  longus  pollicis. 

4.  Extensor  communis  digitorum  and  extensor  indicis, 

5.  Extensor  minimi  digiti. 

6.  Extensor  carpi  ulnaris. 


Fio.  2S0. — Thb  Mdbci.bb  and  Tkndonb  in  tbr  Palm  of  the  Hand. 

The  thin  deep  fascia  of  the  dorsum  of  the  hand  is  lost  over  the  expanaions  of 
the  extensor  tendons  on  the  fingers.  Between  the  metacarpal  bones  a  strong  layer 
of  fa.tcia  covers  and  gives  attachment  to  the  interossei  muscles. 

The  palmar  fascia  is  of  considerable  im]>ortance.  In  the  centre  of  the  palm 
it  forms  a  thick  triangular  membrane,  the  apex  of  which  joins  the  lower  edge  of 
the  anterior  annular  ligament,  and  receives  the  insertion  of  the  tendon  of  the 
palmaris  longus  muscle.  The  fa.scia  separates  below  into  four  slips,  one  for  each 
finger,  connected  together  by  transverse  fibres,  forming  beneath  the  webs  of  the 
fingers  the  sopeiflcial  truuTerae  metacaii>al  ligaioeiit.  Beyond  this  each  slip 
separates  into  two  parts,  to  be  connected  to  the  sides  of  the  metacarpo-pholangeal 
joints  and  the  first  phalanx  of  the  inner  four  digits.  In  the  cleft  between  the  two 
halves  of  each  shp  the  digital  sheath  is  attached  and  extends  downwards  on  to  the 
finger.     The  lateral  borders  of  this  triangular  central  portion  of  the  p&Uuar  fascia 
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are  continuous  with  thin  layers  of  deep  fascia,  which  cover  and  envelop  the  muscles 
of  the  thenar  and  hypothenar  eminences.  The  inner  border  gives  origin  to  the 
pal  maris  hrevis  muscle. 

The  digital  sheaths  are  tubular  envelopes  extending  along  the  anterior  aspect 
of  the  digits  and  enclosing  the  flexor  tendons.  Each  consists  of  a  fibrous  sheath 
attached  to  the  lateral  borders  of  the  phalanges  and  inter-phalangeal  joints,  and 
continuous  above  with  the  palmar  fascia.  Opposite  each  inter-phalangeal 
articulation  the  digital  sheath  is  loose  and  thin ;  opposite  the  first  two  phalanges 
(the  first  only  in  the  case  of  the  thumb)  it  becomes  extremely  thick,  and  gives 
rise  to  the  ligamenta  vaginalia,  which  serve  to  keep  the  tendons  closely  applied 
to  the  bones  during  flexion  of  the  fingers.  Within  each  digital  sheath  are  the  flexor 
tendons,  enveloped  in  a  synovial  membrane  which  not  only  envelops  the  tendon, 
but  also  lines  the  interior  of  the  sheath.  The  synovial  membranes  of  the  digital 
sheaths  extend  a  short  distance  upwards  in  the  palm,  and  in  some  cases  com- 
municate with  the  large  synovial  membranes  lining  the  flexor  tendons  beneath 
the  annular  ligament.  There  may  be  a  separate  distinct  synovial  membrane  for 
each  digit ;  but  most  commonly  only  the  sheaths  for  the  three  middle  digits  have 
^parate  synovial  membranes;  those  for  the  flexor  longus  pollicis  and  for  the 
flexor  tendons  of  the  little  finger  communicate  usually  with  the  synovial  mem- 
branes placed  beneath  the  anterior  annular  ligament. 

THE  MUSCLES  ON  THE  FRONT  AND  INNER  ASPECT  OF 

THE  FOREARM. 

The  pronator  and  flexor  muscles  which  lie  on  the  front  of  the  forearm  occupy 
different  levels,  and  are  divisible  into  two  main  groups,  superficial  and  deep. 

Superficial  Muscles. 

The  superficial  musoles  form  the  prominence  on  the  front  and  inner  side  of 
the  forearm,  and  all  take  origin  in  whole  or  part  by  means  of  a  common  tendon 
from  the  internal  condyle  of  the  humerus.  The  group  comprises  five  muscles — 
pronator  radii  teres,  flexor  carpi  radialis,  palmaris  longus,  flexor  carpi  ulnaris,  and 
flexor  sublimis  digitorum. 

The  pronator  radii  teres  (m.  pronator  teres)  is  the  most  external  and  shortest 
muscle  of  this  group.  It  has  a  double  origin:  (1)  a  superficial  head,  the  main  origin, 
partly  fleshy,  partly  tendinous,  from  the  lowest  part  of  the  internal  supracondyloid 
ridge  of  the  humerus  and  from  the  internal  intermuscular  septum,  from  the  internal 
condyle  of  the  humerus,  from  the  fascia  over  it,  and  from  an  intermuscular  septum 
between  it  and  the  flexor  carpi  radialis  (Fig.  257,  p.  335);  (2)  a  deep  head,  a 
slender  tendinous  slip  from  the  inner  side  of  the  coronoid  process  of  the  ulna, 
which  joins  the  superficial  origin  of  the  muscle  on  its  deep  surface  (Fig.  264, 
p.  343).  The  median  nerve  separates  the  two  heads  from  one  another.  The  muscle 
is  directed  downwards  and  outwards  to  be  inserted  by  tendon  into  an  oval 
impression  on  the  middle  of  the  outer  surface  of  the  shaft  of  the  radius  (Figs. 
264,  p.  343,  and  271,  p.  351).  The  fibres  of  the  muscle  are  twisted  on  themselves, 
so  that  the  highest  humeral  fibres  form  the  lowest  fibres  of  the  tendon  of 
insertion,  and  the  lowest  humeral  fibres  and  those  arising  from  the  coronoid 
process  are  highest  at  the  insertion  of  the  muscle. 

The  muscle  forms  the  inner  boundary  of  the  hollow  of  the  elbow.  It  is  super- 
ficially placed,  except  near  its  insertion,  where  it  is  covered  by  the  brachio-radialis 
muscle  and  by  the  radial  vessels  and  nerve.  The  flexor  carpi  radialis  is  on  its  inner 
side.  The  muscle  conceals  the  ulnar  and  radial  origins  of  the  flexor  sublimis 
digitorum,  and  the  median  nerve  and  ulnar  artery,  which  are  separated  from  one 
another  by  the  deep  head  of  origin. 

The  flexor  carpi  radialis  muscle  takes  its  origin  from  the  common  tendon  from 
the  internal  condyle  of  the  humerus,  from  the  fascia  over  it,  and  from  the  inter- 
muscular septa  on  either  side.  Its  fleshy  belly  gives  place  to  a  strong  round 
tendon  in  the  lower  half  of  the  forearm,  which,  at  the  wrist,  enters  the  hand  in  a 
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FASCIA  AND  MUSCLES  OF  THE  ARM. 

FASCI.E. 

The  superficial  fascia  presents  no  features  of  importance.  There  is  a  bursa 
beneath  it  over  the  olecranon  process,  and  occasionally  another  over  the  inner 
condyle  of  the  humerus. 

The  deep  fascia  forms  a  strong  tubular  investment  for  the  muscles  on  the  front 
and  back  of  the  humerus.  It  is  continuous  above  with  the  deep  fascia  of  the 
shoulder  and  axilla,  and  is  further  strengthened  by  fibres  derived  from  the  insertions 
of  muscles  attached  to  the  upper  part  of  the  humerus,  viz.,  from  the  pectoralis  major, 
latissimus  dorsi,  and  deltoid.  At  the  elbow  it  becomes  continuous  with  the  deep 
fascia  of  the  forearm,  and  gains  attachment  to  the  condyles  of  the  humerus  and 
the  olecranon  process  of  the  ulna;  it  is  strengthened  also  by  important  bands 
associated  with  the  insertions  of  the  biceps  in  front  and  the  triceps  behind,  to  which 
reference  will  be  made  in  the  account  of  these  muscles. 

About  the  middle  of  the  upper  arm  in  front  of  the  inner  border,  the  deep  fascia 
is  perforated  for  the  passage  of  the  basilic  vein  and  the  internal  cutaneous  nerve. 

The  intermuBcular  septa  are  processes  of  the  deep  fascia  attached  to  the 
supracondyloid  or  epicondylic  ridges  of  the  humerus.  The  internal  and  stronger 
septum  is  placed  between  the  brachialis  anticus  in  front  and  the  inner  head  of  the 
triceps  behind,  and  gives  origin  to  both.  It  extends  upwards  to  the  insertion  of 
the  coraco-brachialis  (which  is  often  continued  into  it),  and  the  ulnar  nerve  and 
inferior  profunda  vessels  pass  down  over  its  inner  edge.  The  external  septum  is 
thinner.  It  separates  the  brachialis  anticus  and  brachio-radialis  in  front  from 
the  inner  and  outer  heads  of  the  triceps  behind,  and  gives  origin  to  these  muscles. 
It  extends  upwards  to  the  insertion  of  the  deltoid,  and  is  pierced  by  the  musculo- 
spiral  nerve  and  superior  profunda  vessels. 

MUSCLES. 

The  coraco-brachialis  is  a  rudimentary  muscle  placed  on  the  front  and  inner 
aspect  of  the  arm.  It  arises  in  common  with  the  short  head  of  the  biceps  from 
the  tip  of  the  coracoid  process  of  the  scapula  (Fig.  250,  p.  325),  and  is  commonly 
connected  at  its  origin  with  the  insertion  of  the  pectoralis  minor.  The  origin  of 
the  muscle  is  by  fleshy  fibres  attached  (1)  to  the  tip  of  the  coracoid  process  below 
and  internal  to  the  biceps  tendon,  and  (2)  to  the  tendon  of  the  biceps  itself.  The 
muscle  is  partially  subdivided  into  two  parts  by  the  musculo-cutaneous  nerve,  and 
ends  in  a  flat  tendon  inserted  into  a  faint  linear  impression  about  an  inch  in  length 
on  the  middle  of  the  inner  border  of  the  shaft  of  the  humerus  (Fig.  257,  p.  335). 
It  is  often  continued  into  the  internal  intermuscular  septum. 

The  muscle  lies  on  the  inner  side  of  the  biceps,  and  is  concealed  at  first  by  the 
deltoid  and  pectoralis  major.  In  the  lower  part  of  its  extent  it  is  superficial,  and 
forms  a  swelling  beneath  the  skin  on  the  inner  side  of  the  arm  which  serves  as  a 
guide  to  the  axillary  and  brachial  arterits. 

The  coraco-brachialis  is  the  remains  of  a  threefold  mugcle,  of  which  only  two  elenieuu  aiv 
UBuaUy  present  in  man,  but  of  which  m  anomalous  case^  all  the  parts  may  be  more  or  le«s  fully 
developed.  The  passage  of  the  nuiw.'iilo-cutaneous  nerve  through  the  mu8<;le  is  an  indication  of 
its  natural  8ej>aration  into  two  parts,  which  represent  the  pei-sisteut  middle  and  inferior  element*. 
The  commonest  variety  is  one  in  which  the  more  superficial  (inferior)  2>art  of  the  muscle  extemis 
farther  down  the  arm  than  usual,  so  as  to  be  inserted  into  the  internal  intermuaeular  septum,  or  even 
into  the  internal  condyle  of  the  humerus.  A  third  slip  (coraco-brachialis  superior  or  brevia, 
rotator  humeri)  may  more  rarely  be  present,  forming  a  short  muscle  arising  from  the  root  of  the 
coracoid  process,  and  inserted  into  the  inner  side  of  the  humerus  just  below  the  caiisule  of  the 
shoulder-joint. 

The  biceps  (m.  biceps  brachii)  is  the  large  superficial  muscle  which  lies  on  the 
front  of  the  upper  arm.  It  arises  by  two  tendinous  heads.  (1)  The  short  head  (caput 
breve)  is  attached  in  common  with  the  coraco-brachialis  to  the  tip  of  the  coracoid 
process  of  the  scapula  (Fig.  250,  p.  325).  Tendinous  at  first,  this  head  forms  a  separ- 
ate fleshy  belly,  which  is  united  to  the  long  head  by  an  investment  of  the  deep  fascia. 
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2)  The  long  head  (caput  loiigum)  arises  by  a  round  tendon  from  the  supra-glenoid 
impression  at  the  root  of  the  coracoid  process  and  Iroin  the  glenoid  ligament  on 
either     side.        Its    tendon 

traverses  the  cavity  of  the  [»«»■»»  or 

shoulder-joint,  and  emerging  I^i^"*''" 

from    the    capsule    beneath  diltoid 

the  tranaverae  ligament  (in- 
vested by  a  prolongation  of  ixiiury  .h*i7 
the  synovial   membrane),  it  cntl!™™  nerve 
occupies  the  bicipital  groove  Hediin  nErre 
of  the  humerus,  covered  by                      (  M^I^n^is 
a  fascial  prolongation  of  the       imBBnoii  or ,  linnBrhoid) 
tendon     of    the    pectoralis              huor  ui,i„  „„, 
major.      In  the  upper  arm        cobaoo-biuc 
it  l'oTQi%  a  Meshy  belly  united      bho>t  hup  oi 
to    that    derived    from   the       LcuniBiiDoi 
short  head   by  an  envelope 
of  deep  fascia. 

Theiiueitioiiofthemuacle         BBAcaiiua  •rbawi} 

is  likewise  twofold,  (1)  The 
two  bellies  become  connected 
with  a  strong  tendon,  at- 
tached deeply  in  the  hollow 
ol  the  elbow  to  the  rough 
posterior  portion  of  the  ""'"'■'" 
bicipital  tubercle  of  the 
radius   (Figs.   264,   p.   343,        Mu«uio-spir 

and  271,  p.  351).     A  bursa  .    ,„ 

separates   the   tendon    from  Bmcmog 

the  anterior  portion  of  the 

tubercle.    (2)  From  the  inner  *wi««ii 

and    anterior    part    of    the  stAmun 

tendon,  and  partly  in  con-  EiTMBiniMBri  n 

tinuity  with  the  Heshy  fibres  '  muuiun 

of  the  muscle,  a  strong  mein- 

brajwtii  band  (the  semilunar  """' 

or   bicipital   fiucla)   extends  sham  uu  n  itlharw 

downwards  and  inwards  over 

the  hollow  of  tlie  elbow  to  join  "■'"" ''""™"''" 

the  deep  fascia  covering  the 

origins  of  the  flexor  and  pro-  ■""  "'■'■"'" 

uator  muscles  of  the  forearm.  idadbaim 

Its  upper  part  is  thickened         am,*™*  r 

andciinbefeltBubcutaneousIy  fiuiuiirt< 

as  a  crescentic  border.  ABt«ior 

Except  at  its  origin  and  ' 

insertion  the  biceps  muscle 
is  placed  superliciaJIy  on  the 
front  of  the  arm,  concealing 
the  brochialis  ^nticus  muscle 
and  the  muaculo-cutaneous 
nerve.  The  brachial  artery 
and  median  nerve  lie  along 
its  inner  border.     Theorigin       „      „,,     „  __  .,  c  ... 

„    ,  1-1  11*1  tic    255.— SUPBBFICML   MlSCLBH   OV  THB    FBONT  OF   THE   AKU 

ot  the  muscle  is  deeply  placed  *.vd  Kohearm. 

under  cover  of  the  deltoid 

and  pectoralis  major.     The  tendon  of  insertion  in  tlie  hollow  of  the  elbow  lies 

lieneath  the  end  of  the  brachial   and  the  beginning  of  the  radial  artery.     The 

bicipital  faacia  separates  the  brachial  artery  from  the  median  basilic  vein. 
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Its  chief  auonialiea  are  due  U>  au  intTBaise  or 

A  Ulird  Itwd   of  origin  is  common  (10  per  cent),   aixl 

UBuallv  arises  from  tlic  liumerua,  between  tliE 

I  insertions  of  the  deltoid  and  coraco-brachialin. 

tTHAPuiita  Two  or  even  three  additional  heads  may  W 
present  at  the  same  tim&  The  lonK  head  of 
tlie  muscle  may  be  aWnt,  or  may  take  orifjin 
from  the  bicipilal  groove.  Tlie  niu«cle  nidy 
have  an  additional  insertion  inlu  the  inli-m^l 
condyle  of  the  humenus  or  into  the  fascia  ol 
the  forearm. 

iiBLToiD  -pjjg  br3,ciuftiia  anticns  (ra.  brachi- 

alie)    is  a   large    mu^Ie    arixiiis    from 

imiiABMKiTCH  the  lower  two-thirds  of  the  froot  of 
the   shaft   of  the   humerus,  und   from 

tkresmuor       the    inter-muscular    septum    on    each 

i.AT,-8,«„,         side    (Figs.    257    and     258,    p.    335}. 

i^iwi  Clasping   the  insertion   of  the  deltoid 

above,  it  ends  below  in  a  strong  t<^ndop 
iiuerted  into  the  rough  inferior  surface 
of  the  coronoid  process  of  the  ulna  and 
into  the  anterior  surface  of  the  shaft  of 

^'"■'  the  bone  immediately  below  (Kig.  264. 

p.  343).  A  few  of  the  deep  fibres  ar^ 
inserted  into  the  anterior  ligament  of 

""""  '"«P"""    tijg  elbow-joint.     The  oul«r  part  of  the 

iLii  muscle  arising  from  the  external  epi- 

condylic  ridge  and  external  iutenuus- 
oular  septum  forms  a  slip  more  or  lesw 

HI  BiuiAi,..  aeparate,  which  may  be  partially  fused 
with  the  bracblo-radialis  muscle. 

The    brachialis    anticus    is  almost 

ri  BiDi.LM  wholly   concealed    from   view    by    the 

biceps    in    front,   the    hrachio-radialis 

forennii  extcmally,  and  the  brachial  vesBels  in- 

ternally.   It  covers  the  elbow-joint,  and 

MCHra Dioiioivii    j-Qj.jjjg    ^^^^    ^^f    j|,g    f^^^^    ^f    |.|,g    holIow 

PI  I'LiuRn  of  the  oIIjow.     It  is  separated  from  the 

brae  bio -radial  is    and   extensor  niuaclc^ 

■  HETicAwi  ijj.  j]|g  carpus  by  the  musculo- spiral 
nerve. 

vi.wLLiriB  fiig  triceps  (m.  triceps  brachii)  is 

the  only  muscle  on  the  back  of  the 
ann.     It  aiises  by  three  beads:  an  onter 

iiEKB.iit* ur  ^jjj  ^u  inngii'  head,  from  the  humerus, 
and  a  middle  or  long  head  from  the 

i»r  lin-inient         gcapula.    (1)  The  middle,  long  or  scapttlAr 

ji^B  roLLHTu        jjgjiJi  fcaput  longuni)  begins  as  a  sln>ng 

<■•'  tendon  attached  to  a  rough  triangular 

surface  on  the  axillary  border   of  the 

scapula    just   below   the  glenoid    fos»«t 

(Kiga   254,  p.   330,  and   250,  p.  325;, 

This  gives  rise  to  a  fleshy  belly  which 

occupies  the  middle  of  the  back  of  ihe 

arm.    (2)  The  outer  bead  (caput  laterale  > 

P,a.  2»«  -TB.  Mu^..«s^nN  ™^E  B..K  ok  the      .^  ^t^^^Vd  hy  fibres,  p.rtly  tendinous 

and  partly  Heshy,  to  the  curved  outer 

border  of  the  humerus  from  the  insertion  of  the  tere-i  minor  above  to  the  musculo- 

spiral  groove  below,  and  receives  additional  fibres  from  the  back  of  the  extemnl 

intermuscular  septum  (Fig.  2."i8,  p.  335>     This  origin  is  thick  above  and  becomes 
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linear  below.  Ita  fibres  are  directed  downwards  aad  inwards  over  the  musculo-spiral 
groove  and  the  inner  bead  of  the  niuecle  to  the  tendon  of  insertion  (3)  The  inner 
head  (caput  mediale)  arieea  by  fleshy  fibres  from  an  elongated  triangular  area  on  the 
back  of  the  humerus,  extending  upwards  to  the  level  of  the  insertion  of  the  teres 
major  on  the  inner  side,  and  downwards  nearly  to  the  margin  of  the  olecranon  fossa. 
(Fig.  258,  p.  335).     Externally  it  is  limited  above  hy  the  musculo-spiral  groove ; 


—Muscle- Attach  M  were  to  thb  Fboht  or  Fia.  258.— MnBCLs-ATTiCHiiBKTS  ti 


and  below  it  extends  downwards  on  either  side  of  the  olecranon  fossa  almost  to 
the  condyles  of  the  humerus.  It  also  arises  on  each  side  from  the  intermuscular 
septa, — from  the  whole  length  of  the  internal  septum,  and  from  the  part  of  the 
external  septum  which  is  below  the  passage  of  the  musculo-spiral  nerve. 

The  three  heads  of  origin  are  iiuerted  by  a  common  tendon,  broad  and  membranous, 

into  an  impression  occupying  the  posterior  part  of  the  upper  end  of  the  olecranon 

process  of  the  ulna  (Fig.  271,  p.  351),  and  into  the  deep  fascia  of  the  forearm 

on  either  side  of  it.     The  long  and  outer  beads  join  the  borders  of  the  tendon  of 

236 
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insertion,  and  the  inner  head  is  attached  to  its  deep  surface.  A  small  thick-walled 
bursa  separates  the  tendon  of  the  triceps  from  the  posterior  ligament  of  the  elbow- 
joint  and  the  anterior  part  of  the  upper  end  of  the  olecranon  process. 

The  long  head  of  the  triceps  is  concealed  at  first  by  the  teres  major  and  teres 
minor,  and  by  the  deltoid  muscle.  Along  with  the  outer  head  it  conceals  the  musculo- 
spiral  nerve  and  superior  profunda  artery,  and  covers  the  inner  head  of  the  muscle. 
The  inner  is  the  deep  head,  and  is  only  visible  at  the  lateral  borders  of  the  muscle. 

The  Bubanconeus  is  a  small  miiscle  occasionally  present,  which  consists  of  scattered  fibres 
arising  from  the  lower  end  of  the  humerus  beneath  tne  triceps,  and  inserted  into  the  posterior 
ligament  of  the  elbow-joint 

Nerve-Supply. 


The  following  nerves  supply  the  muscles  of  the  arm : — 


MuBcles. 


Nerves. 


Origin. 


Coraco-brachialia  \ 

Biceps  I  . 

Bracliialis  anticus  j 

Brachialis  anticus  -\ 

Triceps  I 

Outer  head  j 

Middle  and  inner  heads  j 


C.     7. 


M  usculo-cutaneous 


ru.    7. 
\  C.     6.     6. 
iC.     6.     6. 


rC.   (5)     6. 
Musculo-spiral        .  -|  C.   (6)     7. 

IC.     7.     8. 


a 


Actions. 

(1)  The  chief  action  of  these  muscles  (excepting  the  coraco-brachialis)  is  on  the  elbow-joint, 
producing  along  with  other  muscles  flexion  and  extension.  The  flexor  muscles  are  much  more 
powerful  than  the  extensora 

Table  of  Muscles  acting  on  the  Elbow-Joint. 


Flexors. 


Eztensore. 


Biceps 

Bracnialis  anticus 

Brachio-radialis 

Pronator  radii  teres 

Flexors  of  wrist  and  fingers 

Extensors  of  wrist  (in  pronation) 


Triceps 

Anconeus 

Extensors  of  wrist  and  fingers  (in  supination) 


(2)  The  coraco-brachialiB  muscle  acts  only  on  the  shoulder-joint,  assisting  the  biceps  as  an 
adductor  and  flexor  of  the  humerus. 

(3)  Subordinate  and  accessory  movements  are  performed  by  all  the  muscles  of  this  group 
except  the  brachialis  anticus.  The  biceps  supinates  the  forearm,  flexes  the  elbow,  and  with  the 
aid  of  the  coraco-brachialis  adducts  and  flexes  the  humerus  at  the  shoulder-joint  The  triceps 
through  its  scapular  head  adducts  and  extends  the  humerus,  besides  extending  the  elbow-joint. 


FASCI-^   AND   MUSCI^S   OF  THE  FOREARM   AND   HAND. 


FASCLE. 

The  superficial  fascia  in  the  forearm  presents  no  exceptional  features.  On 
the  dorsum  of  the  hand  it  is  loose  and  thin ;  in  the  palm  it  is  generally  well 
furnished  with  fat,  forming  pads  for  the  protection  of  the  vessels  and  nerves.  It  is 
closely  adherent  to  the  palmar  fascia  and  to  the  skin,  especially  along  the  lines  of 
flexure. 

The  palmaris  brevis  is  a  quadrilateral  subcutaneous  muscle  occupying  the 
inner  side  of  the  hand  under  the  superficial  fascia.  It  arises  from  the  inner  border 
of  the  thick  central  portion  of  the  palmar  fascia  and  from  the  front  of  the  anterior 
annular  ligament  of  the  wrist,  and  is  inserted  into  the  skin  of  the  inner  border  of 
the  hand  for  a  variable  distance.  It  covers  the  ulnar  artery  and  nerve,  branches 
^{  which  supply  it.     Its  action  is  to  wrinkle  the  skin  of  the  inner  border  of  the 
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hand,  and  by  raising  np  the  skin  and  superficial  faflcia,  to  deepea  the  hollow  of 
the  hand. 

Thu  deep  fascia  of  the  forearm  and  hand  is  continuous  above  with  the  deep 
fiiscia  of  the  arm.  At  the  upper  part  of  the  forearm  it  is  strengthened  by  addition^ 
fibres  around  the  elbow ;  in  front  by  fibres  from  the  semilunar  fascia  of  the 
bi<«p9,  behind  by  the  fascial  insertions  of  the  triceps,  and  laterally  by  fibres  derived 
from  the  humeral 

condyles  m  rela-  irtiifinKtiiiuKriA     bmnchNorihe 

lion  to  the  com-  '     ■  "'™''"'"« 

inon    tendons  of 
origin    of    the 
Hexor     and    ex- 
tensor muscles  of 
the  forearm.     It 
closely  invfsts   ^'"^.^J^: 
and  gives  origin        audvcw 
to  these  muscles.        WRitlT 
It  is  attached  to  ""•^' 

the      posterior 

border  of  theulna  *" 

in  the  whole 
length  of  thefore- 
anu,  and  affords 
increased  attach- 
mentto  the  flexor 

and      extensor  '' 

carpi  ulnaris  and 
the  flexor  pro- 
fundus digitorum 
muscles.     Above 

the    wrist    the  Fig.  259.— Tbe  Palh  or  the  Hasd  (Sufkbpicial  Dissiction). 

fascia  is  pierced 

anteriorly  by  the  tendon  of  the  palmaris  longus,  and  by  the  ulnar  artery  and  nerve. 
At  the  wrist  it  gains  attachment  to  the  bones  of  the  forearm  and  carpus,  is  greatly 
strengthened  by  addition  of  transverse  fibres,  and  constitutes  the  annnlar  ligunents. 

The  anterior  annular  ligament  of  the  wrist  is  a  band  about  an  inch  and  a 
half  in  depth,  continuous  above  and  below  with  the  deep  fascia  of  the  forearm  and 
the  palm  of  the  hand.  It  is  attached  to  the  scaphoid  and  trapezium  externally  : 
to  the  pisiform  and  unciform  bones  internally ;  and  it  forms  a  membranous  arch 
binding  down  in  the  hollow  of  the  carpus  the  flexor  tendons  of  the  fingers  and  the 
median  nerve.  It  is  divided  into  two  compartments,  the  lai^er  accommodating  the 
tendons  of  the  flexors  of  the  digits  and  the  median  nerve,  the  smaller  (placed 
extemaUy)  containing  the  tendon  of  the  flexor  carpi  radialis.  There  are  three 
sffTiovial  membraitea  in  these  compartments:  one  for  the  fiexor  carpi  radialis 
tendon,  and  two  others,  which  often  communicate  together,  enveloping  the  tendon 
of  the  flexor  longus  pollicis  and  the  flexor  tendons  of  the  fingers  respectively. 
The  surface  of  the  ligament  is  crossed  by  the  palmar  branches  of  the  median  and 
ulnar  nerves ;  by  the  tendon  of  the  palmuris  longus  muscle,  which  is  attached  to 
its  surface ;  and  by  the  ulnar  artery  and  nerve,  which  are  again  bridged  over  and 
protected  by  a  band  of  fibrous  tissue  passing  from  the  pisiform  bone  and  the 
superficial  &scia  to  the  surface  of  the  ligament.  To  the  lower  border  of  the 
hgament  are  attached  the  palmar  fascia  in  the  centre,  and  the  superficial  muscles 
of  the  thumb  and  the  muscles  of  the  little  finger  on  each  side. 

The  poeterior  annular  ligament  of  the  wrist  is  placed  at  a  higher  level 
than  the  previous  ligament.  It  consists  of  an  oblique  band  of  fibres  about  an 
inch  broad,  continuous  above  and  below  with  the  deep  fascia  of  the  forearm  and 
hand.  It  is  attached  externally  to  the  outer  side  of  the  lower  end  of  the  radius, 
and  internally  to  the  lower  end  of  the  ulna  (styloid  process),  the  carpus,  and  the 
intemal  lateral  ligament  of  the  wrist.     It  is  covered  by  veins,  by  the  radial  nerve. 
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aud  by  the  dorsal  branch  of  the  ulnar  nerve.  Six  compartments  are  formed 
beneath  it  by  the  attachment  ot  septal  bands  to  the  lower  ends  of  the  radiue 
and  ulna.  Each  compartment  is  provided  with  a  st/norial  membrane,  and  they 
serve  to  transmit  the  extensor  tendons  of  the  wrist  and  fingers  in  the  following 
order  from  without  inwards : — ■ 

1.  Extensor  ossia  metacarpi  pollicia  and  extensor  brevis  pollicis. 

2.  Extensores  carpi  radiales,  longior  and  brevior. 

3.  Extensor  longus  pollicis. 

4.  Extensor  communis  digitorum  and  extensor  indicia. 

5.  Extensor  minimi  digiti. 

6.  Extensor  carpi  ulnaris. 


Fro.  260.— Tor  Hdsclbs  ikd  Tindons  in  tbk  Palm  or  the  Hand. 

The  thin  deep  fascia  of  the  dorsum  of  the  hand  is  lost  over  the  expanaions  of 
the  extensor  tendons  on  the  fingers.  Between  the  metacarpal  bones  a  strong  layer 
of  fascia  covers  aud  gives  attachment  to  the  interoasei  muscles. 

The  palmar  fascia  is  of  considerable  importance.  In  the  centre  of  the  palm 
it  forms  a  thick  triangular  membrane,  the  apex  of  which  joins  the  lower  edge  of 
the  anterior  annular  ligament,  and  receives  the  insertion  of  the  tendon  of  ibe 
palmaris  longus  muscle.  The  fascia  separates  below  into  four  slips,  one  for  each 
finger,  connected  together  by  transverse  fibres,  forming  beneath  the  weha  of  the 
fingers  the  snperflcial  tnuuversa  metacupal  Ufunest.  Beyond  this  each  sUp 
separates  into  two  parts,  to  be  connected  to  the  sides  of  the  metacarpo-phalangeal 
joints  and  the  first  phalanx  of  the  inner  four  digits.  In  the  cleft  between  the  two 
halves  of  each  slip  the  difital  sheath  is  attached  and  extends  downwards  on  to  the 
finger.     The  lateral  borders  of  this  triangular  central  portion  of  the  palmar  fascia 
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are  continuous  with  thin  layers  of  deep  fascia,  which  cover  and  envelop  the  muscles 
of  the  thenar  and  hjpothenar  eminences.  The  inner  border  gives  origin  to  the 
palmaris  breins  muscle. 

The  digital  sheaths  are  tubular  envelopes  extending  along  the  anterior  aspect 
of  the  digits  and  enclosing  the  flexor  tendons.  Each  consists  of  a  fibrous  sheath 
attached  to  the  lateral  borders  of  the  phalanges  and  inter-phalangeal  joints,  and 
continuous  above  with  the  palmar  fascia.  Opposite  each  inter-phalangeal 
articulation  the  digital  sheath  is  loose  and  thin ;  opposite  the  first  two  phalanges 
(the  first  only  in  the  case  of  the  thumb)  it  becomes  extremely  thick,  and  gives 
rise  to  the  ligamenta  vagixialia,  which  serve  to  keep  the  tendons  closely  applied 
to  the  bones  during  flexion  of  the  fingers.  Within  each  digital  sheath  are  the  flexor 
tendons,  enveloped  in  a  synovial  membrane  which  not  only  envelops  the  tendon, 
but  also  lines  the  interior  of  the  sheath.  The  synovial  membranes  of  the  digital 
sheaths  extend  a  short  distance  upwards  in  the  palm,  and  in  some  cases  com- 
municate with  the  large  synovial  membranes  lining  the  flexor  tendons  beneath 
the  annular  ligament.  There  may  be  a  separate  distinct  synovial  membrane  for 
each  digit ;  but  most  commonly  only  the  sheaths  for  the  three  middle  digits  have 
separate  synovial  membranes ;  those  for  the  flexor  longus  poUicis  and  for  the 
flexor  tendons  of  the  little  finger  communicate  usually  with  the  synovial  mem- 
branes placed  beneath  the  anterior  annular  ligament. 

THE  MUSCLES  ON  THE  FRONT  AND  INNER  ASPECT  OF 

THE  FOREARM. 

The  pronator  and  flexor  muscles  which  lie  on  the  front  of  the  forearm  occupy 
different  levels,  and  are  divisible  into  two  main  groups,  snperflcial  and  deep. 

Superficial  Muscles. 

The  superficial  muscles  form  the  prominence  on  the  front  and  inner  side  of 
the  forearm,  and  all  take  origin  in  whole  or  part  by  means  of  a  common  tendon 
from  the  internal  condyle  of  the  humerus.  The  group  comprises  five  muscles — 
pronator  radii  teres,  flexor  carpi  radialis,  palmaris  longus,  flexor  carpi  ulnaris,  and 
flexor  aublimis  digitorum. 

The  pronator  radii  teres  (m.  pronator  teres)  is  the  most  external  and  shortest 
muscle  of  this  group.  It  has  a  double  origin:  (1)  a  superficial  head,  the  main  origin, 
partly  fleshy,  partly  tendinous,  from  the  lowest  part  of  the  internal  supracondyloid 
ridge  of  the  humerus  and  from  the  internal  intermuscular  septum,  from  the  internal 
condyle  of  the  humerus,  from  the  fascia  over  it,  and  from  an  intermuscular  septum 
between  it  and  the  flexor  carpi  radialis  (Fig.  257,  p.  335);  (2)  a  deep  head,  a 
slender  tendinous  slip  from  the  inner  side  of  the  coronoid  process  of  the  ulna, 
which  joins  the  superficial  origin  of  the  muscle  on  its  deep  surface  (Fig.  264, 
p.  343).  The  median  nerve  separates  the  two  heads  from  one  another.  The  muscle 
is  directed  downwards  and  outwards  to  be  inserted  by  tendon  into  an  oval 
impression  on  the  middle  of  the  outer  surface  of  the  shaft  of  the  radius  (Figs. 
264,  p.  343,  and  271,  p.  351).  The  fibres  of  the  muscle  are  twisted  on  themselves, 
so  that  the  highest  humeral  fibres  form  the  lowest  fibres  of  the  tendon  of 
insertion,  and  the  lowest  humeral  fibres  and  those  arising  from  the  coronoid 
process  are  highest  at  the  insertion  of  the  muscle. 

The  muscle  forms  the  inner  boundary  of  the  hollow  of  the  elbow.  It  is  super- 
ficially placed,  except  near  its  insertion,  where  it  is  covered  by  the  brachio-radialis 
muscle  and  by  the  radial  vessels  and  nerve.  The  flexor  carpi  radialis  is  on  its  inner 
side.  The  muscle  conceals  the  ulnar  and  radial  origins  of  the  flexor  sublimis 
digitorum,  and  the  median  nerve  and  ulnar  artery,  which  are  separated  from  one 
another  by  the  deep  head  of  origin. 

The  flexor  carpi  radialis  muscle  takes  its  origin  from  the  common  tendon  from 
the  internal  condyle  of  the  humerus,  from  the  fascia  over  it,  and  from  the  inter- 
muscular septa  on  either  side.  Its  fleshy  belly  gives  place  to  a  strong  round 
tendon  in  the  lower  half  of  the  forearm,  which,  at  the  wrist,  enters  the  hand  in  a 
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special  coinpartmeut  beneath  the  anterior  annular  ligament,  and  after  occupving 
the  groove  on  the  trapezium,  is  iiueited  into  the  upper  ends  of  the  eecoud  and 
third  metacarpal  bones  on  their  anterior  surfaces.     The  chief  tendon  is  that  to  the 

second  metacarpal  bone,  whieli 
gives  off  a  small  slip  on  its 
inner  side  to  be  attached  to 
the  third  metacarpal  bone. 
Each  is  inserted  about  a 
quarter  of  an  inch  below  the 
carpo- metacarpal  joint  (Fig, 
.     267,  p.  346). 

The  flexor  carpi  radialiK  is 
superficial  except  near  it«  in- 
sertion. Its  fleshy  bellj  in  the 
upper  half  of  the  forearm  lies 
between  the  pronator  radii 
teres  and  the  pahnaris  longus, 
and  conceals  the  flexor  sub- 
limis  digitorum.  Its  tendon 
in  the  lower  half  of  the  fore- 
Fia.  aai.-SKCTioM  A<;Hoaa  th«  Fohbarm  in  thi  Middle  arm  is  subcutaneous,  on  the 
Thikd.  outer  sideof  the  palmaris  longus 

A,  prokjitob  ntmi  tih(b  (i.i«rtiQO);  B,  fuiob  cabpi  huiiaiis:  c,  tcndon.     It   is  an   important 
«;:;"»« ^F';'T«C"rZ;-".;.^^«;™^^^^  goide    to    the   radial    vessels 

dlhahih!  b.  BiTiHaoB  umni's  follicik;  I,  BinmoB  oiHHunu  which are  placed  in  the  hollow 

DinininuH  abd  siTEmoB  hihihi  olniTI :  J,  BimsoR  nasii  MiTAOBPt    external  tO  it.       Just  above  the 

r».I;!."i8  ^^^."Tm^VbT.^,^".*^  W'ist  it  crosses  obliquely  the 

nwmbnne:  c,  ItUiL    I,  RadlBl  iisrvn:  i.  Ruliiil  Art^rr ;  3,  Anlerior    tOndon     of    the    fleXOr     longUS 

'*""'''"■"  pollieis.  Afterpasaingbeneath 
rner»e,  ,  jjjg  ^j,t^pJQ[.  ^jjmjlar  ligament 
the  tendon  is  concealed  by  the 
origins  of  the  short  muscles  of  the  thumb,  and  is  crossed  from  within  outwards  by 
the  tendon  of  the  flexor  longus  pollieis.  Besides  the  synovial  bursa  envelujiiug 
the  tendon  beneath  the  annular  ligament,  another  is  found  beneath  the  tendons 
at  their  insertion. 

The  palmaris  longftis  ariaee  also  from  the  common  flexor  tendon,  from  the 
internal  condyle  of  the  humerus,  from  the  fascia  over  it,  and  from  intermnacular 
septa  on  either  side.  It  forms  a  short  fusiform  muscle,  which  ends  in  the  middit* 
of  the  forearm  in  a  long  flat  tendon.  This  pierces  the  deep  fascia  above  the  wrist, 
and  passing  over  the  anterior  annular  ligament,  is  inserted  (1)  into  the  surface  of 
the  anterior  annular  ligament,  and  (2)  into  the  apex  of  the  thick  central  portion  of 
the  palmar  fascia.  A  tendinous  slip  is  frequently  sent  to  the  short  muscles  of  the 
thumb  and  the  fa-scia  covering  them. 

The  palmaris  longus  is  the  smallest  muscle  of  the  forearm.  It  is  placed  between 
the  flexor  carpi  radialis  and  the  flexor  carpi  ulnaris,  and  upon  the  flexor  sublimi.t 
digitorum.  In  the  lower  third  of  the  forearm  its  tendon  is  placed  directly  over  the 
median  nerve,  along  the  outer  border  of  the  tendons  of  the  flexor  sublimis  digitorum. 

The  palmaris  lon({U8  in  the  most  variable  muscle  in  the  body,  ant)  ia  often  absent  (10  per  cent). 

The  flexor  carpi  ulnaris  muscle  has  a  double  origin,  from  the  humerus  and  from 
the  ulna.  (1)  It  arises  from  the  common  tendon  attached  to  the  inner  condyle  of  the 
humerus,  from  the  fascia  over  it,  and  from  an  intermuscular  septum  externally.  (2) 
By  means  of  the  deep  fascia  of  the  forearm  it  obtains  an  attachment  to  the  inner 
border  of  the  olecrancm  process  and  the  posterior  border  of  the  ulna  in  its  upper 
three-fifths.  The  fleshy  fibres  join  a  tendon  which  lies  on  the  anterior  border  of  the 
muscle  and  is  inserted  into  the  pisiform  bone.  From  the  pisiform  bone  the  fibres 
are  continued  in  the  form  of  two  ligamentous  hands  (pisi- unciform  and  pisi-mcta- 
carpal)  to  be  attached  to  the  uppiT  margin  of  the  hook  of  the  uncifonn  bone,  and 
the  palmar  surface  of  the  upper  end  of  the  flfth  metacarpal  hone  (Fig.  267,  p.  346). 
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The  uiUBcle  ia  superficially  placed  along  the  inner  border  of  the  forearm.     It  lies 
internal    to    the    palmaria 
longus  and   flexor  Bublitnis 
digitoniQi,  and  conceals  the 
flexor  profundus  digitorum 

muscle.      The    uluar  nerve  aiirwrj' 

(which   enters  the   forearm 

between  the   two  heads  of  i  nerve 

origin    of    the    muscle)    is  ^ 

concealed  by  it  in  its  whole 
length.  The  ulnar  artery 
lies  undercover  of  the  muscle 
in  its  lower  two -thirds. 
The  tendon  of  the   muscle 

serves  as   a   guide    to    the  ik'wi)'™''' 

artery  in  the  lower  half 
of  the  foreann. 

The  flexor  sQblimis     ^^ 
digitorom  occupies  a  deeper  ,^  „ 

plane  than  the  four  previous  irici*i.  hubclb 

muscles.     It  has  a  threefold  .     i  k  > 

ozigm,    from    the    humerus,  m  1 3 1 

radius,  and  ulna.     (1)  The  l<-a 

chief   or  humeral  origin   is  j|2 

from    the   internal   condyle  i  § 

of    the     humerus    by    the  ,i     l|g 

common    tendon,   from   the 

internal  lateral  ligament  of  "■  ''*■"  """*«'" 

the  elbow,  and  from  ad- 
jacent inter-muscular  septa. 

(2)  The  ulnar  origin  is 
by  a  slender  fasciculus  from 
the  inner  border  of  the  cor- 

onoid  process  of  the   ulna,  .^^ 

above  and  internal   to   the  ■■                                                             ion  of  uimr  nerve 

origin  of  the  pronator  radii  btinchor 
teres    (Fig.    264.    p.    343). 

(3)  The    radial    origin    is  Ma                                                             e"t"°"'" 
Ironi   the  oblique   line  and  "'                                                              »bb»  polucis 
middle  third  of  the  anterior  ctoh  roLucia 
border   of  the  radius  by  a  ok  smvis  polucw 
thin    fibro-niuacular  attach-  'uu™  cioitohuIi 
ment  (Fig.  264.  p.  343). 

The  muscle  divides  in 
the  lower  third  of  the  fore- 
arm  into   four  parts,   each 

provided    with    a    separate  j-rtei™'™. 

tendon    which     passes    be-  IruMmaDiuiTomii 

Death  the  anterior  annular 
ligament,  traverses  the  palm 
of  the  hand,  and  enters  the 
corresponding  digital  sheath. 
Within   the   digital   sheath 

each   tendon    is    split    into        F'"-  282.— The  Mi'sclba  and  Nbrvks  (w  thb  Fbukt  of  tub 
two  parts  by  the  tendon  of  ^""■*''"  *""  "*"'' 

the    flexor   profundus   digi-       *""  p"'"*™  "^"  '*""'  "T  '""^'  """"''=^  "'"'  p"''""'"  '"'«"' 

t^  P  hRVB  beeu  removed. 

torum ;     alter    surrounding 

that  tendon  the  two  parts  are  partially  re-uuited  on  its  deep  surface,  and  are  inserted, 

after  partial  decussation,  in  two  portions  into  tlie  sides  of  the  second  phalanx. 
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The   Tincula  accessoria  tesdinnm   form   additional   insertions   of  the   muscle. 

They  consist  of  delicate  bands  of  connective  tissue  enveloped  in  synovial  membrane. 

and  are  known  as  the  lisamsnta  longa  and  brevia.     The  ligameatum  breve  is  a 

triangular  band   of    fibres  containing   yellow   elastic   tissue   (ligamentum   sub- 

flavuni).  occupying  the  interval  between  the  tendon  and  the  digit  for  a  abort  distance 

close  to  the  insertion.     It  is  attached 

to   the  front   of  the   inter-phalangeal 

articulation  and  the  head  of  the  Brst 

phalanx.     The  ligamentum  longum  is 

a  long  narrow  band  extending  frum  the 

g  tinve  back  of  the  tendon  lo  the  upper  i<an 

of   the   anterior   surface   of    the    first 

ILIHII  DIOITOBItM        pfj^^J^^jj 

of  eiuimor  teniioB         -pjjg  flexor  Buhlimisdigitorum  muscle 

PKonJwinn  j^  partially  concealed  in  the  forearm  by 

the    pronator    radii    teres,   flexor  carpi 

jHMuciL  MDKTLF    ].^,jjgiiB^  ^ud  palmfti  is  lougue  muscles, 

muLiNTEB-         *°d  by  the  radial  vesseb   and  nene. 

nuKui  It  conceals  the  flexor  profundus  digi- 

torum  and  flexor  longus  pollicia  muscles, 

the  median  nerve,  and  the  ulnar  art«ry. 

mroMHKNii  ^'^  inner  border  is  in  contact  with  the 

Du  Tmncnr  flexoT  carpi  ulnaris,  and  in  the  lower 

half   of    the    forearm    with    the    ulnar 

vessels  and  nerve.     The  median  ner^'e 

emerges  at  its  outer  border  above  the 

wrist,  and  separates  the  muscle   from 

the  tendon  of  the  flexor  carpi  ladialis. 

At    the    wrist   the   four    tendons   are 

arranged  in  pairs,  those  for  the  middle 

and  ring  fingers  in  front,  those  for  the 

fore  and  little  fingers  behind,  and  are  enveloped  in  a  synovial  sheath  (along  with 

the  tendons  of  the   flexor  profundus  digitotum)  beneath   the  anterior  annular 

ligament.     In  the  palm  the  tendons  separate,  and  lying  beneath  the  superficial 

palmar  arch  conceal  the  tendons  of  the  deep  flexor  and  the  lumbrical  musclea 

Within  the  digital  sheaths  on  the  fingers  the  tendons  at  first  conceal  those  of  the 

deep  flexor ;   after  being  pierced  by  them,  they  are  in  turn  concealed  by  these 

tendons  at  their  insertion. 


Deep  Muscles. 

The  deep  muscles  on  the  front  of  the  forearm  are  three  in  number :  flexor 
profundus  digitorum,  flexor  longus  pollicis,  and  pronator  quadratus. 

The  flexor  profandus  digitomm  is  a  large  muscle  arisinc  from  the  ulna,  the 
interosseous  membrane,  and  the  deep  fascia  of  the  forearm.  Its  ulnar  ori-in  is 
from  the  anterior  and  inner  surfaces  of  the  bone  in  its  upper  two-thirds,  exb^nding 
up  BO  as  to  include  the  inner  side  of  the  olecranon  process,  and  to  embrace  the 
insertion  of  the  brachialis  anticus  into  the  coronoid  process.  It  arises  externally 
from  the  inner  half  of  the  interos.'^eous  membrane  in  its  middle  third  (Figai  264, 
p.  34.3,  and  271,  p.  ;551),  and  internally  from  the  deep  fascia  of  the  forearm  behind 
the  origin  of  the  flexor  carpi  ulnaris. 

The  muscle  forms  a  broad  thick  tendon  which  passes  beneath  the  anterior 
annular  ligament,  and  divides  in  the  palm  inte  four  tendons  for  insertion  into  the 
terminal  phalanges  of  the  fingers.  The  tendon  associated  with  the  forefinger  is 
usually  snparate  from  the  rest  of  the  tendons  in  its  whole  length.  Each  tendon  eniere 
a  digital  sheath  beneath  the  tendon  of  the  flexor  sublimis  digitorum,  which  it 
pierces  opposite  the  first  phalanx,  and  is  finally  inserted  into  the  base  of  the 
terminal  phalanx.     Like  the  tendons  of  the  flexor  sublimis,  those  of  the  det-p 
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flexor  are  provided  with  vincula  accessoria,  viz.  Ugunenta  brerift  attached  to  the 
capsate  of  the  second  inter-phalangeal  articulation,  and  lisamonta  longa,  which 
are  in  this  case  connected  to  the  tendons  of  the  subjacent  flexor  sublimis 
digitorum. 

Lumbricalee. — Four  small  cylindrical  muscles  are  associated  with  the  tendons 
tif  the  flexor  profundus  digitorum  in  the  palm  of  the  hand.     The  two  outermost 
muscle*  uiM  each  by  a  single  head  from  the  radial  sides  of  the  tendons  of  the 
flexor  profundus  digitorum  destined 
reapectivelj-  for  the  fore  and  middle 
Angers.     The  two  innermost  mvscles 
ajise,  each  hj  two  heads,  from  the 
adjacent  sides  of  the  second  and 

tbird.and  thirdandfourthtendons.  "SToriRi'S 

From  these  origins  the  muscles  are  j^f  ""** 

directed  downwards  to  the  radial  "TJ^"!'^ 

side   of  each   of   the   metacarpo-  " 

phalangeal  joints,  to  be  inserted  into 
the  capsules  of  these  articulations, 
theouter  border  of  the  Gist  phalanx, 

and  chiefly  into  the  outer  side  of  [inHnian) 

the  extensor  tendon  on  the  dorsum 
of  the  phalanx.  The  lumbricales 
vary  considerably  in  number,  and 
may  be  increased  to  six  or  di- 
miniBhed  to  two.  , 

In  the  forearm  the  flexor  pro- 
fundus digitorum  is  concealed  by  prorundu> 
the  flexor  sublimis  digitorum  and 
flexor  carpi  ulnaris  muscles,  and 
by  the  ulnar  nerve  and  artery. 
Under  the  anterior  annular  liga- 
ment the  muscle  is  placed  beneath 
the  tendons  of  the  flexor  sublimis 
digitorum,  and  is  enveloped  in  the 
common  bursal  sac.  In  the  palm 
the  tendons,  along  with  the  lum- 
bricalmuscles,cover  the  deep  palmar 
arch   and  the  interossei   muscles, 

and  are  concealed  by  the  tendons  „  ^u^nnni 

of  the   flexor  sublinua  digitorum. 
On  the  finger  each  tendon  is  placed    p 
ac   first   beneath,  and  afterwards  «' 
pierces,  the  tendon  of  the  flexor 
sublimis  digitorum  in  its  passage 
through  the  digital  sheath.     The  bi 
lumbncal   muscTes   passing  dowu- 
n'ards   on   the  radial   side  of  the 

deep  flexor  tendons  Ue  beneath  the   j.,^  aM._Mus.LB-ArrACHKKNT^  to  tb.  IUd<ls  a.vd  u^a 
digital  vessels  and  nerves  on  their  (Auunor  At^pecta). 

way  to  their  insertion. 

The  flexor  longns  poUicis  arises  by  fleshy  fibres  from  the  anterior  surface  of 
the  shaft  of  the  radius  in  its  middle  two-fourths,  and  from  a  corresponding  portion 
of  the  interosseous  membrane.  It  has  an  additional  origin  occasionally  from  the 
inner  border  of  the  coronoid  process  of  the  ulna  (Fig.  264,  p.  343).  Ita  radial 
origin  is  limited  above  by  the  obhque  line  and  the  origin  of  the  flexor  sublimis 
digitorum,  and  below  by  the  insertion  of  the  pronator  quadratus  muscle.  The 
muscle  ends  above  the  wrist  in  a  tendon,  which  passes  into  the  hand  beneath  the 
anterior  annular  Ugament,  enveloped  in  a  special  synovial  sheath.  In  front  of  the 
carpus  it  crosses  over  the  tendon  of  the  flexor  carpi  radialis.     In  the  palm  the 
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tendon  is  directed  downwards  along  the  inner  aide  of  the  thenar  emiaeDCe,  betweeu 

the  tiexor  brevis  and  adductKT 
muscles  of  the  thumb,  to 
be  inserted  into  the  base  of 
the  terminal  phalanx  of 
the  thumb  on  its  anterior 
surface. 

In  the  fornami  themuscle 

'""""'  ia    deeply    placed     beneath 

the    flexor    sublioiiH    digit- 

CuMwoN  ,mi  orum  and  Hexor  carpi  radialis 

muBcles.     The  radial  artt-ry 
lies   upon   it,   and    the   an- 
terior interosBeous  arter>'  and 
'"'""'''"■  nerve  intervene  between   it 

and    the    flexor    profundus 
digitoruni.      It  crosses  over 
su  the    insertion    of    the    pro- 

uiN.i.DBini>..>r«  nator    quadratua    near    the 

j,  wriat. 

ft.n  The  pronator  qnadratus 

is    a '  quadrilateral     fleshy 
muscle,  occupying  the  lower 
f""""  fourth   of  the  forearm.     It 

R.i.  ariaes  from  the  lower  fourth 

of  the  anterior   border  and 
c  iuH<«  surface    of    the    ulna    and 

F..r  frequently  from  the  adjoin- 

ing part  of  the  inner  surface 
K,«««.K  (Fig.    271.   p.   351),   and   is 

directed     transversely     out- 
P^H,  wards   to    be    inaerted    into 

the  lower  fourth  of  the  an- 
terior surface  of  the  radius, 
^'■"""  and    into    the    narrow    tri- 

angular  area   on   its    inner 
^BcuiTf  side  in  front  of  the  attach- 

ment   of     the    interoaaeouB 
''""'^■'"  rut)  membrane    (Fig.    264,  pi^re 

F..r<o«H«vi,  ^^     343-, 

The  muscle  is  deeply 
placed  beneath  the  flexor 
tendons,  the  radial  and 
ulnar  arteries,  and  the  ulnar 
and  median  nerves.  It  con- 
TiMi-jK  or  iLEni.  ceala  the  lower  part  of  the 

apdui-k>iitr>  interosseous  membrane,  the 

radius  and  ulua,  and  the 
anterior  interosseous  artery 
and  nerve,  which  pass  be- 
hind its  upper  border.  The 
pronator  quadratus  is  sub- 
ject to  considerable  varia- 
F,„.  ..S.-Dup  Mu.cL.,^0,  ™,^F.„.,  .,  ,„  F.«„..         {-^^^    It majevei, teateot ; 

or   it   may   have   an   origin 
from  radius  or  ulna,  or  from  both  Irones,  and  an  insertion  into  the  carpus. 
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SHORT  MUSCLES  OF  THE  HAND. 
Muscles  of  tub  Thumb. 

The  short  muscles  of  the  thumb  are  six  in  number,  ahductor,  opponeuB,  and 
flexor  brevia  (with  its  deep  portion,  interossetu  primoB  volariB),  and  two  adductor 
muscles,  adductor  obliqmia,  and  adductor  transversus  poUicia. 

The  abdactor  pollids  (m.  abductor  polhcis  brevia)  ariBes  by  fleshy  fibres  from 
tlie  tubercle  of  the  scaphoid,  the  upper  part  of  the  outer  surface  of  the  ridge  of  the 
trapezium,  the  upper  part  of  the  anterior  surface  of  the  anterior  annular  ligament 
at  its  outer  end,  and  from  tendinous  slips  derived  from  the  insertions  of  the  palmaris 
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longus  and  extensor  ossis  metacarpi  pollicis  muscles  (Fig.  267,  p.  346).  Strap- 
like in  form,  it  is  inserted  by  a  short  tendon  into  the  outer  aide  of  the  first  phalanx 
of  the  thumb  at  ita  upper  end,  and  into  the  capsule  of  the  metocarpo-phalangeal 
joint. 

It  is  the  most  superficial  muscle  of  the  thenar  eminence,  and  conceals  partially 
the  opponens  and  the  superficial  portion  of  the  flexor  brevis  pollicis. 

The  opponens  poIliciB  ariBes  beneath  the  preceding  muscle  by  fleshy  and 
tendinous  fibres  from  the  lower  and  outer  part  of  the  anterior  surface  of  the 
anterior  annular  ligament  and  from  the  outer  surface  of  the  ridge  on  the  trapezium. 
Extending  downwards  and  outwarda,it  ia  innrt«d  into  the  whole  length  of  the  outer 
border  and  the  radial  half  of  the  palmar  surface  of  the  first  metacarpal  bone  (Fig, 
267,  p-  346).  The  muscle  ia  superficial  along  the  outer  border  of  the  abductor 
pollicis. 

The  flexor  brevis  pollicis  consists  of  two  parts,  a.  The  superficial  part  of  the 
muscle  arises  by  fleshy  and  tendinous  fibres  from  the  outer  half  or  two-thirds  of 
the  lower  border  of  the  anterior  annular  ligament,  and  sometimes  from  the  ridge  of 
the  trapezium,  and  ia  inserted  into  the  outer  side  of  the  base  of  the  flret  phulanx  of 
the  thumb,  a  sesamoid  bone  being  present  in  the  tendon  of  inaertion.  This  part  of 
the  muscle,  partly  concealed  by  the  abductor  pollicis,  is  superficial  in  the  interval 
between  that  muscle  and  the  tendon  of  the  flexor  longus  pollicis. 

b.  The  deep  part  of  the  mxiscle  (interosseua  primvis  volaris)  ariaes  from  the 
ulnar  side  of  the  base  of  the  first  metacarpal  bone,  and  is  inserted  into  the  inner 
aide  of  the  base  of  the  first  phalanx  of  the  thumb  along  with  the  adductor 
obliquus  pollicia  This  little  muscle  is  deeply  situated  in  the  first  interosseous 
space,  in  the  interval  between  the  adductor  obliquus  \)oUicis  and  the  first  dorsal 
interosseous  muscle.  It  may  be  regarded  as  homologous  with  the  palmar  interossei 
muscles,  with  which  it  is  in  series. 
24 
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The  adductor  obliqans  poUicis  aris«a  bj  fleshj  fibres  from  the  aDterior  sorfaces 
of  the  trapezium,  trapezoid,  and  oe  magoum,  from  the  sheath  of  the  tendon  of  the 
flexor  carpi  radialis,  from  the  basis  of  the  second,  third,  and  fourth  metacarpal  bones, 
and  from  the  palmar  ligaments  connecting  these  bones  together  (Fig.  267,  p-  346). 
It  is  inserted  by  a  tendon,  in  which  a  sesamoid  bone  is  developed,  into  the  inner 
side  of  the  base  of  the  flrst  phalanx  of  the  thumb.  At  its  outer  border  a  slender 
slip  separates  from  the  rest  of  the  muscle,  and  passing  obliquely  beneath  the  tendon 
of  the  flexor  longus  poUieia,  is  inserted  into  the  outer  side  of  the  base  of  the  firet 
phalanx  along  with  the  superficial  part  of  the  flexor  brevis  pollicis. 

The  adductor  obliquus  pollicis  lies  on  the  ulnar  side  of  the  tendon  of  the  flexor 
longus  pollicis,  internal  to  the  thenar  eminence.  It  is  covered  by  the  flexor  tendons 
of  the  thumb  and  fingers,  and  conceals  the  radial  artery  and  the  deep  part  of  the 
flexor  brevis  pollicis.  At  its  inner  border  the  radial  artery  (deep  palmar  aicb) 
appears  between  it  and  the  adductor  transversus  pollicis. 

The  addnctor  transverana  pollicis  arises  by  fleshy  fibres  from  the  median  ridge 


lint  diglU 
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on  the  front  of  the  shaft  of  the  third  metacarpal  bone,  in  its  lower  two-tbirds 
(Fig.  267,  p.  346),  and  from  the  fascia  covering  the  interosseous  muscles  in  the 
second  and  third  spaces.  Triangular  in  form,  it  is  directed  outwards,  to  be 
inserted  by  tendon  into  the  inner  side  of  the  base  of  the  first  phalanx  of  the 
thumb  along  with  the  adductor  obliquus.  Lying  deeply  in  the  palm  beneath  the 
flexor  tendons,  this  muscle  conceals  the  interossei  muscles  of  the  first  two  spaces 
and  the  radialis  indicis  and  princeps  pollicis  arteries.  Its  upper  border  is 
separated  from  the  adductor  obbquus  polbcis  by  the  radial  artery  (deep 
palmar  arch). 

Muscles  of  the  Little  Finger. 

The  short  musdes  of  the  little  finger  are  three  in  number :  abductor,  opponeiiB, 
and  flexor  brevis  minimi  digitL 
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The  abductor  ™iTiiTni  digit!  (m.  abductor  digiti  quinti)  uises  from  the  front 
and  inner  side  of  the  piriform  bone  and  from  the  tendon  of  the  flesor  oarpi  ulnaris 
and  its  ligamentous  continuations  (Fig.  267,  p.  346),  and  ia  inserted  by  tendon  into 
the  inner  side  of  the  base  of  the  first  phalanx  of  the  little  finger.  It  lies 
superficially  upon  the  opponens  and  flexor  brevis  minimi  digiti. 

The  opponens  TniTlimi  digiti  (m.  opponens  digiti  quinti)  arises  by  tendinous 
fibres  from  the  lower  part  of  the  anterior  surface  and  from  the  lower  border  of  the 
anterior  annular  ligament  at  its  inner  end,  and  from  the  lower  border  and  inner  side 
of  the  hook  of  the  unciform  bone,  and  is  inserted  into  the  inner  margin  and 
ulnar  half  of  the  palmar  surface  of  the  fifth  metacarpal  bone  in  its  lower 
three-fourths  (Fig.  267,  p.  346). 

It  ia  concealed  by  the  previous  muscle,  and  may  be  pierced  near  its  origin  for 
the  passage  of  the  deep  branches  of  the  ulnar  artery  and  nerve. 

The  flexor  brevis  niiTiiTni  digiti  (m.  flexor  digiti  quinti  brevis)  arises  by 
tendinous  fibres  from  the  inner  port  of  the  anterior  surface  of  the  anterior  annular 
ligament  and  from  the  inner  side  of  the  hook  of  the  unciform  bone  (Fig.  267, 
p.  346),  and  is  inserted  along  with  the  abductor  into  the  inner  side  of  the  first 
phalanx  of  the  little  finger. 

This  muscle  is  placed  external  to  the  opponens  and  abductor,  and  is  separated 
from  the  latt«r  by  the  deep  branches  of  the  ulnar  artery  and  nerve.  It  may  be 
reduced  in  size,  absent  altogether,  or  incorporated  with  either  the  opponens  or 
abductor  minimi  digiti. 

The  iNTKROsaBous  Muscles. 

The  inter(»aeous  muscles  of  the  hand  are  arranged  in  two  sets,  palmar  and 
dorsaL 

The  palmar  interossei  (m.  interossei  volares)  are  three  in  number,  occupying 
the  three  inner  interosseous  spaces. 
Each  arises  by  a  single  head:  the 
first  from  the  ulnar  side  of  the  shaft 
of  the  second  metacarpal  bone ;  the 
itcond  aud  third  from  the  nuiial 
sides  of  the  shafts  of  the  fourth  and 
fifth  metacarpal  bones  respectively 
(Fig.  267.  p.  346).  Each  ends  in  a 
tendon  which  is  directed  downwards 
behind  the  deep  transverse  meta- 
carpal ligament,  to  he  inserted  into 
the  dorsal  expansion  of  the  extensor 
tendon,  the  capsule  of  the  meta- 
carpo  -  phalangeal  articulation,  and 
the  side  of  the  first  phalanx  of  the 
finger ;  the  first  is  inserted  into  the 
ulnar  side  of  the  second  finger ;  the 
second  and  third  into  the  radial  sides 
of  the  fourth  and  fifth  fingers.  The 
deep  part  of  the  flexor  brevia 
pollicis  (interosseus  primus  volaris) 
is  to  be  regarded  as  the  homologous        ,  „ 

mnecle    of    the     first     interoe^ous      i".  A"' :  ^  ~c<.nd ;  .Ld^^hird  pain,..  mi*™.«ou. 
space. 

The  dorsal  interossei  are  four  in  number.  Each  arises  by  two  heads  from  the 
aides  of  the  metacarpal  bones  bounding  each  interosseous  space  (Figs.  267,  p.  346, 
and  269,  p.  348).  Each  forms  a  fleshy  mass,  ending  in  a  membranous  tendon, 
which,  passing  downwards  behind  the  deep  transverse  metacarpal  ligament,  is 
iasoted  exactly  like  the  palmar  muscles  into  the  dorsal  aspect  of  each  of  the  four 
fingers.  The  insertion  of  the  first  dorsal  interosseous  muscle  is  into  the  radial 
side  of  the  index  finger ;  the  second  muscle  ia  attached  to  the  radial  side  of  the 
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middle  finger ;  ihe  third  m\im\e  to  the  ulnar  side  of  the  same  finger ;  and  the  fourth 
muscle  to  the  ulnar  aide  of  the  ring  finger. 

These  muscles  fill  up  the  interosseous  spaces ;  the  dorsal  interossei  are  visible 


THE   UbTACABPC^S. 


on  the  back  of  the  hand  when  the  extensor  tendons  are  removed ;  in  the  palm  the 
muscles  are  concealed  by  the  fiexor  tendons  and  the  muscles  of  the  thumb  and 
little  finger,  and  are  crossed  by  the  deep  palmar  arch  and  the  deep  branch  of  the 
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ulnar  nerve.  Between  the  two  heads  of  the  first  dorsal  muscle  the  radial  artery 
enters  tlie  palm,  and  the  perforating  arteries  pass  between  the  heads  of  the  other 
dorsal  muscles. 

Tlie  interos.sei  musclea  of  the  hand  in  some  cases  have  a  disposition  similar  to 
that  of  the  corresponding  muscles  of  the  foot. 
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THE  MUSCLES  ON  THE  BACK  OF  THE  FOREARM. 

The  group  of  muBcles  occupying  the  outer  side  of  the  elbow  and  the  back  of  the 
forearm  and  hand  include  the  supinator  muscles  of  the  forearm  and  the  extensors 
of  the  wrist  and  digits.     They  are  divisible  into  a  superficial  and  a  deep  layer. 

Superficial  Muscles. 

The  superfloial  layer  comprises  seven  muscles,  viz.  from  without  inwards,  the 
brachio-radialis,  the  two  radial  extensors  of  the  carpus,  the  extensor  communis 
digitorum  and  extensor  minimi  digiti,  the  extensor  capri  ulnaris,  and  the  anconeus. 

The  brachio-radiaJis  (supinator  radii  longus)  arises  by  fleshy  fibres  from  the 
anterior  aspect  of  the  upper  two-thirds  of  the  external  supra  condyloid  ridge  of 
the  humerus,  and  from  the  front  of  the  external  intermuscular  septum  (Fig.  257, 
p.  335).  Occupying  the  outer  side  of  the  hollow  of  the  elbow,  the  muscle  descends 
along  the  outer  border  of  the  forearm,  and  ends  about  the  middle  in  a  narrow  flat 
tendon  which  is  inserted  under  cover  of  the  tendons  of  the  extensor  ossis  metacarpi 
pollicia  and  extensor  brevis  pollicis,  by  a  transverse  linear  attachment,  into  the 
upper  limit  of  the  groove  for  the  above-named  muscles  on  the  outer  side  of  the 
lower  extremity  of  the  radius.  Some  of  its  fibres  gain  an  attachment  to  the  ridge 
in  front  of  the  groove,  and  others  spread  over  the  surface  of  the  groove  for  a 
variable  distance  (Figs.  271,  p.  351,  and  264,  p.  343). 

The  muscle  is  superficial  in  its  whole  length.  Near  its  origin  it  is  separated 
from  the  brachialis  anticus  by  the  musculo-spiral '  nerve.  It  forms  the  outer 
boundary  of  the  hollow  of  the  elbow,  and  conceals  the  radial  extensors  of  the  carpus, 
and,  in  the  upper  two-thirds  of  the  forearm,  the  radial  artery  and  nerve. 

The  extensor  carpi  radialis  longior  (m.  ext.  carp.  rad.  longus)  arises  by  fleshy 
fibres  from  the  lower  third  of  the  external  supracondyloid  ridge  of  the  humerus 
on  its  anterior  aspect,  from  the  front  of  the  external  intermuscular  septum,  and 
from  the  common  tendon  of  origin  of  succeeding  muscles,  which  is  attached  to  an 
impression  on  the  antero-extemal  surface  of  the  external  condyle  (Fig&  257, 
and  258,  p.  335).  It  ends  in  a  tendon  in  the  lower  half  of  the  forearm,  which 
passes  beneath  the  posterior  annular  ligament,  to  be  inserted  into  the  back  of  the 
base  of  the  second  metacarpal  bone  on  its  radial  side  (Fig.  269,  p.  348). 

The  upper  part  of  the  muscle  is  concealed  by  the  brachio-radialis,  and  the  lower 
part  is  crossed  by  the  extensors  of  the  thumb.  It  covers  the  supinator  radii  brevis 
and  extensor  carpi  radialis  brevier  above,  and  the  back  of  the  radius  and  the  carpus 
below. 

The  extensor  carpi  radiaJis  brevier  (m.  ext.  carp.  rad.  brevis)  arises  from  the 
common  tendon,  from  the  external  lateral  ligament  of  the  elbow,  from  the  fascia 
over  it,  and  irom  intermuscular  septa  on  each  side.  It  passes  down  the  back  of 
the  forearm  and  under  the  posterior  annular  ligament  in  close  relation  to  the 
previous  muscle,  to  be  inserted  by  a  tendon  into  the  back  of  the  base  of  the  third 
metacarpal  bone  below  the  styloid  process  on  its  radial  side.  It  usually  has 
an  additional  insertion  into  the  back  of  the  base  of  the  second  metacarpal  bone 
(Fig.  269,  p.  '348).  A  bursa  is  placed  beneath  the  two  radial  extensor  tendons 
close  to  their  insertion. 

Partially  concealed  by  the  extensor  carpi  radialis  longior  and  the  extensor 
muscles  of  the  thumb,  and  having  the  extensor  communis  digitorum  on  its  inner 
side,  the  muscle  covers  the  supinator  brevis,  the  lower  part  of  the  radius,  and  the 
back  of  the  carpus. 

The  extensor  communis  digitorum  arises  from  the  common  tendon,  from  the 
external  condyle,  from  the  fascia  over  it,  and  from  intermuscular  septa  on  each  side. 
Extending  down  the  back  of  the  forearm  it  ends  above  the  wrist  in  four  tendons,  of 
which  the  outermost  often  has  a  separate  fleshy  belly.  After  passing  beneath  the 
posterior  annular  ligament  in  a  compartment  along  with  the  extensor  indicis,  the 
tendons  separate  on  the  back  of  the  hand,  where  the  tliree  innermost  tendons  are 
joined  together  by  two  obliquely-placed  bands.  One  passes  downwards  and  out- 
wards, and  connects  together  the  third  and  second  tendons ;  the  other  is  a  broader 
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and  shorter  band,  which  passes  also  downwards  and  outwards,  and  joins  the  fourth 
to  the  third  tendon.  In  some  cases  (Fig.  257)  a  third  band  is  present,  which  passes 
downwards  and  inwards  from  the  first  to  the  second  tendon ;  and  frequently  the 
tendon  for  the  little  finger  is  joiued  to  the  tendon  for  the  ring  finger,  and  separates 
from  it  only  a  short  distance  above  the  lower  end  of  the  metacarpal  bone. 

The  tendons  are  inserted  in  the  following  manner :  On  the  finger  each  tendon 
spreads  out  so  as  to  form  a  membranous  expansion  over  the  knuckle  and  on  the 
back  of  the  first  phalanx.  The  border  of  the  tendon  is  indefinite  over  the  meta- 
carpo-phalangeal  articulation,  of  which  it  forms  the  posterior  ligament.  On  the 
back  of  the  first  phalanx  the  tendon  receives  laterally  the  insertions  of  the  interossei 
and  lumbrical  muscles.  At  the  lower  end  of  the  first  phalanx  the  tendon  splits 
into  ill -defined  median  and  lateral  slips,  proceeding  over  the  back  of  the  first 
inter-phalangeal  articulation,  of  which  they  form  the  posterior  ligament.  The 
median  slip  is  inserted  into  the  back  of  the  base  of  the  second  phalanx,  while  the 
two  lateral  pieces  become  united  to  form  a  membranous  tendon  on  the  back  of 
the  second  phalanx,  which,  after  passing  over  the  second  inter-phalangeal  articula- 
tion, is  inserted  into  the  base  of  the  terminal  phalanx. 

The  extensor  communis  digitorum  is  superficial  in  its  whole  length,  and  lies  in 
the  upper  part  of  the  forearm  between  the  radial  extensors  of  the  carpus  externally 
and  the  extensor  minimi  digiti  internally.  It  conceals  the  supinator  brevia  and 
other  deep  muscles  of  the  forearm,  as  well  as  the  posterior  interosseous  vessels  and 
nerves.  The  extensors  of  the  thumb  become  superficial  along  its  outer  border  in 
the  lower  third  of  the  forearm. 

The  extensor  wiinimi  digiti  (m.  extensor  digiti  quinti  proprius)  has  an  oiigiB 
similar  to  and  closely  connected  with  that  of  the  preceding  muscle,  from  the 
common  tendon,  the  fascia  over  it,  and  lateral  intermuscular  septa.  Passing  down 
the  back  of  the  forearm  as  a  narrow  fleshy  slip,  between  the  extensor  communis 
digitorum  and  the  extensor  carpi  ulnaris,  it  ends  in  a  tendon  which  occupies  a 
groove  between  the  radius  and  ulna  in  a  special  compartment  of  the  posterior 
annular  ligament.  On  the  back  of  the  hand  the  tendon,  usually  split  into  two  parts, 
lies  internal  to  the  tendons  of  the  extensor  communis  digitorum,  and  is  finally 
inserted  into  the  expansion  of  the  extensor  tendon  on  the  dorsum  of  the  first 
phalanx  of  the  little  finger. 

The  extensor  carpi  ulnaris  has  a  double  origin:  (1)  from  the  conmion  tendon 
from  the  external  condyle  of  the  humerus,  from  the  fascia  over  it,  and  from  the 
intermuscular  septa;  and  (2)  through  the  medium  of  the  deep  fascia,  from  the 
posterior  border  of  the  ulna  in  its  middle  two- fourths.  The  muscle  ends  in  a 
tendon  in  the  lower  third  of  the  forearm,  which  occupies  a  groove  on  the  back  of 
the  ulna  in  a  special  compartment  of  the  posterior  annular  ligament,  and  is  inserted 
into  the  ulnar  side  of  the  base  of  the  fifth  metacarpal  bone  (Fig.  269,  p.  348). 

The  muscle  is  superficially  placed  between  the  extensor  minimi  digiti  and  the 
anconeus,  external  to  the  posterior  border  of  the  ulna.  It  conceals  the  supinator 
radii  brevis  and  the  posterior  interosseous  vessels  and  nerve  above,  and  in  the  lower 
two-thirds  of  the  forearm  it  lies  upon  the  posterior  surface  of  the  ulna. 

The  anconeus  is  a  small  triangular  muscle  arising  by  a  separate  tendon  from 
the  lower  part  of  the  back  of  the  external  condyle  of  the  humerus  (Fig.  258, 
p.  335),  and  from  the  posterior  ligament  of  the  elbow-joint.  Spreading  out  over 
the  ulna,  it  is  inserted  by  fleshy  fibres  into  a  triangular  surface  on  the  outer  side 
of  the  olecranon  process  and  back  of  the  ulna,  as  low  down  as  the  oblique  line 
(Fig.  271,  p.  351).     It  is  also  inserted  into  the  fascia  which  covers  it. 

It  is  covered  by  the  thickened  fascia  of  the  forearm  giving  insertion  to  the 
triceps  muscle.  It  conceals  the  back  of  the  elbow-joint  and  part  of  the  origin  of 
the  supinator  brevis  muscle. 

The  epitrochleo-anconeuB  ib  an  occasional  small  mascle  ansing  from  the  back  of  the  internal 
condyle  of  the  humerus,  and  inserted  into  the  inner  side  of  the  olecranon  process.  It  coyen  the 
ulnar  nerve  in  its  passage  to  the  forearm. 

Deep  Muscles. 
The  deep  muBoles  on  the  back  of  the  forearm  comprise  five  muscles,  of  which 


MUSCLES  ON  THE  BACK  OF  THE  FOREARM.  351 

one,  the  supinator  radii  brevig,  extends  between  the  ulna  and  radius ;  the  others 
are  extensors  of  the  thumb  and  forefinger:  the  extensor  oseis  metacarpi  polliGia, 
extensor  brevie  and  extensor  longus  pollicis,  and  extensor  indicia. 

The  nipinator  radii  brevis  (m.  supinator)  muscle  has  a  complex  origin.     It 
atiMs  by  fleshy  and  tendinous  Bbrea :  (1)  from  the  external  condyle  of  the  humems ; 
(2)  from  the  external  lateral  and  orbicular  bgaments  of  the  elbow-joint ;  (3)  from 
the  triangular  surface  on  the  shaft  of  the  ulna  just  below  the  lesser  sigmoid  cavity ; 
and  (4)  from  the  fascia  over 
it.      From    this    origin    the 
muscle  spreads  outwards  and 
downwanis,   enveloping    the 
upper  part  of  the  radius,  and 
is  iniwted  into  the  anterior 
and  outer  surfaces  of  the  bone, 
as  far  forwards  as  the  bicipital      Anyone 
tubercle,  as  far  upwards  as 
the  neck,  and   as  far  down- 
wards as  the  oblique  line  and  !,„, 
the  insertion  of  the  pronator    ^"i^"'*^ 

radii  teres.     The  insertion  of  "  ^^ 

the  muscle  in  some  cases  en- 
croaches  for  a  variable  dis- 
tance   on    to    the    posterior 
surface  of  the  shaft   of   the         ,.,,„ 
radius  above  the  origin  of  the         ■I'e"' 

extensor  ossis  metacarpi  pol-  ,  meu<sn>i 

bcis ;   but  the  neck  and  the  '> 

inner   half  of  the   posterior 

surface  of  the  shaft  are  left  **™ 

without  muscular  attachment 
(Figs.  2'71,  p.  351,  and  264,  „  ,       ■, 
p.  ^3).     ^  "■'*"""'" 

The  supinator  brevis  is 
deeply  placed,  and  is  un- 
covered only  anteriorly  in  iipoiiieiK 
the  hollow  of  the  elbow.  It 
is  covered  by  all  the  super- 
ficial muscles  on  the  back  of 
the  forearm.  It  conceals  the 
back  of  the  elbow-joint  and 
the  upper  part  of  the  radius  promi-w  a 
At  its   lower  border  is   the 

extensor  ossis  metacarpi  pol-  diaii* 

hcis,  separated  from  it  by  the 

posterior  interosseous  artery.  imnioniot 

The  muscle  is  divisible  into  ""'" 

mperjkml    and    deep    parts  g^,,^^,  iSS""" 

with     humeral     and     ulnar  c*n 

origins,  between   which   the  di^rumVii"<i*e"toi»M'nlli"ul 

posterior  interosseous   nerve      p,„.  2n.-Mu8CL.-ATTA.H-EN™  w  thb  Racips  and  Uu<* 
passes   in   its  course  to  the  (Postfrior  AipMis), 

back  of  the  forearm. 

The  extensor  OBSia  metacarpi  pollicis  (m.  abductor  pollicis  longus)  arises  by 
fiesby  fibres  below  the  supinator  brevis  from  the  posterior  or  extensor  surfaces  of 
the  shafts  of  the  radius  and  ulna ;  from  the  uppermost  of  the  narrow  impressions  on 
the  outer  half  of  the  posterior  surface  of  the  ulna ;  from  the  middle  third  of 
the  posterior  surface  of  the  radius ;  and  from  the  intervening  portion  of  the 
interosseous  membrane  (Fig.  271,  p-  351).  Becoming  superficial  in  the  lower  part 
of  the  forearm  along  with  the  extensor  brevis  pollicis,  its  tendon  passes  with  that 
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muscle  beneath  the  posterior  annular  ligament,  to  he  inBerted  into  the  outer  side  of 
the  baae  of  the  first  metacarpal  bone  (Fig.  267,  p.  346).     From  the  tendon  close  to 

its  insertion  a  tendinous 
slip    passes    to   the  ab- 
ductor polliois  and    the 
«heid)        fascia    over    the   thenar 
terhsid)      eminence,  and  another  is 
frequently    attached     to 
(L»  the  trapezium. 

At     its     origin     the 

nicDB         muscle  is  deeply  placed 

beneath    the    superficial 

*^'""^  extensor  muacles  and  the 

"*"*  posterior      interosse- 

iM  ous    vessels  and    nerve. 

BADi.Lu     Above   is   the  supinator 

BiTEHwi  brevis;  below  and  inter- 

""'*"*     nally,  the  long  and  ehort 

.  extensors  of  the  thumb. 

snpiBA  In  the  lower  third  of  the 

forearm  it  becomes  super- 

'''■'■  ficial  along  with  the  es- 

■iiiotvo      tensor  brevis  polliois, 

between     the     extensor 

*""  communis  digitorum  and 

*(.RPi        ^he   radial    extensors    of 

the  carpus.     It  covers  the 

iijiuB         last-named  muscles  in  its 

^^  further  course  in  the  fore- 

H>Li8         arm,   and  at    the   outer 

side    of    the    carpus    it 

IL11C18        crosses  the  radial  arteiy. 

gj^  The  extensor  brevis 

poUiciB   (extensor  primi 
ooTMi  tn  intemodii    pollicia),    an 

g,^  essentially  human  muscle. 

»'  '  is  a  specialised  portion  of 

HSnSJ  ""*"'      the  previous  muscle.     It 

1AD1AU8  arises  from  a  rhomboid 
TOLLicw  impression  on  the  pos- 
mre  tcrior  surface  of  the 

radius,  extending  from 
the  middle  of  the  bone 
to  within  au  inch  and  a 
half  of  the  lower  end, 
and  from  the  interoeseous 
membrane,  below  the  ex- 
tensor oasis  metacarpi 
poUicis  (Fig.  271,  pa^^e 
351).  It  ia  closely  ad- 
herent to  that  muscle, 
and  accompanies  it  be- 
neath the  posterior 
annular  ligament  and 
(the  QYgp  the  radial  artery  to 
the  thumb.  Its  tendon  is 
then  continued  along  the  back  of  the  first  metacarpal  bone,  and  the  metacarpo- 
phalangeal articulation,  to  be  inserted  into  the  back  of  the  base  of  the  first  phal^x 
of  the  thumb.     Before  reaching  its  insertion  the  tendon  helps  to  form  the  capsule 
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of  the  metacarpo-phalangeal  joint.  In  the  forearm  the  muscle  is  deeply  placed 
beneath  the  superficial  extensors,  and  is  separated  from  the  extensor  lougus  poUicis 
by  the  posterior  interosseous  nerve. 

The  extensor  longns  pollicis  (extensor  secundi  internodii  pollicis)  arises  from 
the  intermediate  impression  occupying  the  outer  part  of  the  posterior  or  extensor 
surface  of  the  ulna  in  its  middle  third,  and  from  the  interosseous  membrane,  below 
the  extensor  ossis  metacarpi  pollicis  (Fig.  271,  p.  351).  Its  tendon  grooves  the 
bock  of  the  radius,  and  occupies  a  special  compartment  beneath  the  posterior 
annular  ligament.  Extending  obliquely  across  the  back  of  the  hand,  it  is  inserted 
into  the  dorsal  surface  of  the  base  of  the  second  phalanx  of  the  thumb. 

The  muscle  is  deeply  placed  beneath  the  superficial  extensors  of  the  forearm, 
and  lies  between  the  extensor  brevis  pollicis  and  the  extensor  indicis.  It  separates 
the  posterior  interosseous  artery  from  the  nerve,  the  latter  passing  beneath  it.  On 
the  back  of  the  hand  the  tendon  crosses  the  radial  artery,  and  helps  to  form  the 
capsule  of  the  first  metacarpo-phalangeal  articulation. 

At  the  wrist  the  tendons  of  the  muscles  of  the  thumb,  the  extensor  ossis  meta- 
carpi pollicis  and  extensor  brevis  pollicis  externally,  and  the  extensor  longus 
pollicis  internally,  bound  a  hollow  (the  "anatomical  snuff-box")  best  seen  in 
extension  and  abduction  of  the  thumb,  which  corresponds  to  the  position  of  the 
radial  artery  as  it  winds  round  the  wrist  to  reach  the  palm  of  the  hand. 

The  extensor  indicis  (m.  extensor  indicis  proprius)  arises  by  fleshy  fibres  below 
the  extensor  longus  pollicis  from  the  lowest  impression  on  the  back  of  the  ulna, 
extending  down  from  the  middle  of  the  shaft  to  within  two  inches  of  its  lower  end, 
and  sometimes  also  from  the  interosseous  membrane  (Fig.  271,  p.  351).  Its  tendon 
passes  through  a  compartment  of  the  posterior  annular  ligament  along  with  the 
tendons  of  the  extensor  communis  digitorum,  and  is  inserted  into  the  forefinger 
joining  the  membranous  expansion  of  the  tendon  of  the  extensor  communis 
digitorum  on  the  dorsum  of  the  first  phalanx. 

Lying  deeply  in  the  forearm,  the  muscle  is  placed  internal  to  the  extensor 
longus  pollicis,  and  covers  the  posterior  interosseous  nerve.  On  the  back  of  the 
hand  its  tendon  lies  on  the  inner  side  of  the  tendon  of  the  common  extensor 
destined  for  the  forefinger. 

Nbrve -Supply. 

Four  nerves  are  engaged  in  supplying  the  muscles  of  the  forearm  and  hand — the  median  and 
ulnar  on  the  front,  the  musculo-spiral  and  posterior  interosseous  nerves  on  the  back  of  the 
limb. 


Muscles. 

A.  Anterior  Muscles  of  the  Forearm. 

Pronator  radii  teres 
Flexor  carpi  radialis 
Palmaris  longus 
Flexor  sublimis  digitorum 
Flexor  carpi  ulnaris    . 

Flexor  profundus  digitorum 

Flexor  longus  pollicus\ 
Pronator  quadratus     / 

B.  Muscles  of  the  Hand. 

Abductor  pollicis 
Opponens  pollicis 
Flexor  brevis  pollicis  (superficial) 


Nenree. 


Flexor  brevis  pollicis  (deep)   ^ 
Adductor  obliquus  pollicis      >   . 
Adductor  transversus  pollicis; 
Lumbricales  1st  and  2nd     . 
Lumbricales  3rd  and  4th 
Interoesei 

Flexor  brevis  minimi  digiti 
Opponens  minimi  digiti 
Aoductor  minimi  digiti 

___ 


ial)j 


Origin. 


Median  .        .        .        , 

Ulnar  .  .  .  . 
/Ulnar  and  Anterior  in- 
\     terosseous  (median) 

Anterior  intei'osseous 


Median  . 


Ulnar 
Median 


Ulnar 


C.  6. 

C.  8.  T.  i. 
C.  8.  T.  1. 
C.  7.  8.  T.  1. 

C.  7.  8.  T.  1. 


C.  6.  7. 

C.  8.  (T.  1). 
C.  6.  7. 

C.  8.  (T.  1). 
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C.  Posterior  Muscles  of  the  Forearm. 

Brachio-radialis 


Extensor  carpi  radialis  lougior 
Extensor  carpi  radialis  brevior 
Extensor  communis  digitoruin 
Extensor  minimi  digiti 
Extensor  carpi  ulnaris 

Anconeus 

Supinator  radii  brevis 
Extensor  ossis  metacarpi  i)ollicis 
Extensor  brevis  pollicis 
Extensor  longus  jwllicis 
Extensor  indicis 


) 


J 


Nerves. 


Musculo-spiral 

Posterior  interosseous 
(musculo-spiral) 

Musculo-spiral 


} 


Posterior  interosseous    . 


Origin. 


c. 

5.6. 

c. 

6. 

7. 

c. 

6. 

7. 

c. 

6. 

7. 

a 

c. 

7. 

8. 

C.  6. 

C. 

6. 

7. 

a 

Action  of  the  Musclbs  of  the  Forearm  and  Hand. 

The  miuscles  of  the  forearm  and  hand  are  concerned  in  the  movements  of  the  elbow,  wrist,  and 
fingers. 

In  the  majority  of  cases  the  muscles  act  upon  more  than  one  joint 

1.  Action  on  tlie  Elbow- Joint. — It  has  been  shown  alreiady  that  flexion  and  extenBion 
of  the  elbow  are  assisted  by  certain  of  these  muscles.  The  flexor  muscles  are  the  pronator 
radii  teres,  and  the  flexor  muscles  of  the  wrist  and  fingers.  In  the  position  of  ])roiiatiuu,  the 
movement  of  flexion  is  aided  by  the  brachio-radialis  and  extensors  of  the  wrist  and  fingers.  The 
extensors  are  tiie  supinator  brevis  and  anconeus,  and  the  extensor  muscles  of  the  wrist  and  fingers. 

2.  Pronation  and  supination  of  the  hand  are  performed  by  special  musclee,  aided  by  muscles 
which  act  also  upon  other  joints.  The  brachio-radialis  assists  in  flexion  and  pronation  on  the  one 
hand,  and  in  extension  and  supination  on  the  other  hand.  In  the  suuine  position  it  as^i>ti! 
pronation,  and  in  the  prone  position  it  a.ssists  supination,  in  each  case  oringing  the  hand  into 
the  position  intermediate  between  pronation  and  supination. 


I 


Pronation. 

Pronator  radii  teres 
Pronator  quadratus 
Brachio-radialis 
Flexor  carpi  radialis 
AVeight  of  the  limb 


Supination. 


Supinator  radii  brevis 

Biceps 

Bracnio-radialis 

Extensors  of  thumb  and  fingers 

Weight  of  the  limb 


3.  Action  on  the  Wrist-Joint. — The  movements  at  the  wrist-joint  are  flexion  and  extension, 
abduction  and  adduction.  Flexion  and  adduction  are  much  more  extensive  movements  than 
extension  and  abduction,  on  acx^ount  of  the  form  of  the  wrist-joint  The  following  muscles  pro- 
duce these  movements : — 


Flexion. 


Exteneion. 


Flexor  carpi  radialis 
Pal  maris  longus 
Flexor  carpi  ulnaris 
Long   flexors   of 
thumb  and  fingers 


Extensors  of  the  wrist 
Extensors    of    thumb 
and  fingers 


Adduction. 


Flexor  carpi  ulnaris 
Extensor  carpi  ulnaris 


Abduction. 


Flexor  cai-pi  radiali^i 
Extensors  of  wrist 
Exteniaors  of  thumb 


4.  Moyemente  of  the  Fingers. — Two  separate  series  of  movements  occur  in  relation  to  the 
articulations  of  the  fingers :  flexion  and  extension  (at  the  metacar]K>-phalangeal  and  inter- 
phalangeal  joints),  and  alxlucticm  and  adduction  (only  at  the  metacarjK)-pnalangeal  joints).  The 
movements  and  the  muscles  concerned  are  given  in  the  following  tables  : — 


Flexion. 


Flexor  Bublimis  di^itorum 
Flexor  j)rofundus  digitorum 
Lumbricales    \{acttng  on   the  metacarpo- 
InteroHsei         /  phalamjeal  articulations) 
Flexor  brevis  minimi  digiti 


Extension. 

Extensor  communis  digitorum 

Extensor  indicis 

Extensor  miiumi  digiti 

Lumbricales   \  {acting  on  the  inter -phal- 

luterossei        )   angeal  articulations) 
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Abduction. 


Lumbricales  ^ 

Flexor  brevis  anrl  I  (from  the  inner  side 
Opponens  minimi  (     of  the  hand) 
aigiti  j 

{(from  the  middle 
line  of  the  middle 
finger) 


Adduction. 


Palmar  interossei. 


(to  the  middle  line 
of  the  middle 
finger) 


Flexion  is  more  powerful  and  complete  than  extension  of  the  fingers.  The  flexor  profimdus 
digitonim  alone  acta  on  the  terminal  phalanges ;  the  flexor  sublimis  and  flexor  profundus  together 
flex  the  proximal  inter-phalangeal  joint ;  and  flexion  of  the  metacarpo-phalangeal  articulation  is 
effected  by  these  muscles,  assisted  by  the  interossei,  lumbricales,  and  flexor  brevis  minimi  digiti. 
Extension  of  the  phalanges  is  effected  by  the  united  action  of  the  extensors  of  the  digits,  the 
interossei  and  lumbricales ;  extension  of  the  fingero  at  the  metacarpo-phalangeal  joints  is  produced 
.solely  by  the  long  extensor  muscles.  Separate  extension  of  the  index  finger  only  is  possible  ;  the 
three  inner  fingers  can  only  be  flexed  and  extended  together,  on  account  of  the  connecting  bands 
joining  the  extensor  tendons  together  on  the  back  of  the  hand. 

5.  Movements  of  the  Thumb. — The  movements  of  which  the  thumb  is  capable  are  flexion 
and  extension  (occurring  at  the  carpo-metacarpal,  metacarpo-phalangeal,  and  mter-phalangeal 
joints) ;  abduction  and  adduction,  together  with  circumduction  (occurring  at  the  carpo-metacarpal 
joint). 

The  muscles  and  their  respective  actions  are  given  in  the  following  table  ; — 


Flesdon. 


Extension. 


Opponens  poUicis  {  («a'F-i»etacarpal 


Flexor  brevis' 

Adductors 

Abductor 


joint) 

(carpo-metacarpal  and 
metacarpo-phalangeal 
joint) 


Flexor  longus  poUicis  (all  joints) 


Extensor  ossis  meta-  /  (carpo-metacarpal 
carpi  poUicis  I     joint) 

Extensor  brevis/ ("^'P^f^^^^^'^^lf  ^''"^ 
lli  I      inetacarpo  -  phalan- 

P^    ^^  I     geal  joint) 

Extensor  longus  pollicis  (all  joints) 


Addnotion. 


Abduction. 


Adductors  of  the  thumb 
Flexor  brevis  \     i,.  . 
Opponens       J^^'"'^ 
First  dorsal  interosseous 


Abductor  pollicis 
Extensors  of  the  thumb 


Circnmdnction — a  combination  of  the  above  muscles. 


The  characteristic  features  of  the  movements  of  the  upper  limb  are  their  range  and 
refinement.  The  hand,  in  addition  to  its  intrinsic  powers,  can  be  moved  through  a 
wide  range  and  in  several  planes  by  the  muscles  acting  on  the  wrist  and  radioulnar 
joints  ;  this  range  is  increased  by  the  fore  and  aft  movements  at  the  elbow-joint,  and  the 
extensive  movements  of  which  the  shoulder  and  clavicular  joints  are  capable.  The 
result  is  that  the  hand  can  be  brought  into  a  position  to  cover  and  guard  any  portion 
of  the  body.  The  precision  and  refinement  of  movement  is  made  possible  by  the  co- 
ordinate movements  of  the  various  muscles  acting  upon  the  several  joints,  so  that 
actions  can  be  performed  (as  raising  the  food  to  the  mouth)  in  which  all  the  articulations  of 
the  limb  are  brought  into  play ;  while  others  (such  as  writing)  are  possible  by  movements 
at  the  joints  of  the  wrist  and  fingers  along  with  fixation  of  the  elbow-joint. 


THE  LOWER  LIMB. 

FASCIAE  AND  MUSCLES  OF  THE  THIGH  AND  BUTTOCK. 


FASCL^. 

The  superficial  fascia  of  the  thigh  and  buttock  is  continuous  above  with  the 
fascia  of  the  abdomen  and  back,  internally  with  that  of  the  perineum,  and  below 
with  that  of  the  leg.     It  presents  noticeable  features  in  the  buttock  and  groin. 
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In  tlLe  bnttock  the  superficial  faecia  is  of  considerable  thickneao,  and  is  usually 
loaded  with  fat,  whereby  it  assists  in  forming  the  contour  of  the  buttock  and  the 
fold  of  the  nates. 

In  the  groin  it  is  divisible  into  two  layers :  a  BnperflcUl  tattj  layer,  continuous 
with  a  Himilar  layer  on  the  front  of  the  abdominal  wall  above,  and  over  the 
perineum  internally,  and  a  deeper  membranons  Uusr,  which  is  attached  above  to 
the  inner  half  of  Poupart's  ligament,  and  to  the  deep  fascia  of  the  thigh  just  below 
the  outer  half  of  that  ligament.  Internally  it  is  attached  to  the  pubic  arch,  and 
below  the  level  of  Scarpa's  triangle  it  blends  inseparably  with  the  superficial  fatty 

layer.  The  separa- 
tion of  these  two 
layers  of  the  super- 
ficial fascia  is  oc- 
casioned by  the 
smwrflrui  i«y"  of  preseDcc    between 

.11  per  cm       a  thcmof  the  femoral 

'^  ^     and  inguinal  lym- 
8«p.rflci.idr«»,nii«m«v™«i.  '."l,.     P^i^^ic  gknds.'the 

Inguinal  lymphirttcgtand.  Ilayerof    'eternal  sajillCOOUa 

n^^  vein  and  its  tribu- 

,,   ^       ,   ^  "Urn*!  tanes,  and  some 

,^nfrv«  eniull  artenen.   ihe 

con)  attachment  of  the 

tllL'l^c^I^y'rof  deepen  '"jer  of  ^^e 

■uperiiciiii  fiwciii  faacia  to  the  pubic 

arch  and  I'ou  part's 
iNMrn^ -phentm.  «in  ligament  cuta    off 

the     superficial 

tissues  of  the  thigh 

from  the  perineum 

and    the    anterior 

abdominal  wall. 

Fig.  273.— The  Quoin.    Stbdctdhm  bbtwein  thb  Lltus  of  thi  „„  .    „w„.„n*^     tk^ 

SrPKRncuL  Fascia.  "^^    prevents    the 

passage   down  the 

thigh   of  fluid  collected  in  the   perineum  or   beneath  the  fascia  of   the  anterior 

abdominal  wall 

The  deep  fascia  or  fosda  lata  forms  a  tubular  investment  for  the  muscles  and 
vessels  of  the  thigh  and  buttock.  It  is  firmly  attached  above  to  the  iliac  crest,  the 
great  sacro-sciatic  ligament,  the  ischium,  the  pubic  arch,  the  pubic  symphysis  and 
crest,  and  Poupart's  ligament.  Below,  in  relation  to  the  knee,  it  is  coutinuous 
with  the  deep  fascia  of  the  leg,  gains  attachment  to  the  patella,  the  tuberosities  of 
the  tibia  and  the  head  of  the  fibula,  and  forms  the  lateral  ligaments  of  the  patella. 
On  the  front  of  the  thigh  the  deep  faacia  is  thick  and  strong.  It  is  pierced 
by  numerous  openings  for  vessels  and  nerves,  the  most  important  of  which  is 
the  Baphenoiu  opening  for  the  internal  saphenous  vein.  A  femoral  hernia  pas8rs 
through  this  opening  to  reach  the  front  aspect  of  the  anterior  abdominal  waU.  It 
is  an  oval  opening  of  variable  size  situated  just  below  the  inner  half  of  Poupart's 
ligament,  and  immediately  in  front  of  the  femoral  vessels.  It  is  coverwi  by 
the  superficial  fascia,  and  by  a  special  layer  of  faecia,  the  cribritorm  &acia,  a 
thin  perforated  lamina,  attached  to  the  margins  of  the  opening.  The  outer  edge 
of  the  opening  is  formed  by  the  margin  of  the  iliac  portion  of  the  fascia  lata, 
which  is  attached  above  to  the  iliac  crest  and  Poupart's  ligament;  the  inner 
edge  is  formed  by  the  pubi£  portion  of  the  fascia  lata,  which  is  continued  upward'* 
beliind  the  femoral  sheath,  over  the  adductor  longus  and  pectineus  muscles  to 
the  ilio-pectineal  line  and  the  capsule  of  the  hip-joint.  These  two  layers  of  the 
fascia  lata  are  continuous  at  the  lower  concave  margin  of  the  saphenous  opening, 
forming  its  inferior  conn.  As  they  pass  upwards  towards  the  pelvis  Ihey  occupy 
different  planes,  the  iliac  portion  being  in  front  of  the  femoral  sheath,  while  the 
■'bic  portion  of  the  fascia  is  behind  it.     The  anperior  comu  of  the  saphenous  opening. 
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placed  in  front  of  the  sheath,  ia  derived  eolely  from  the  iliac  portion  of  the  fascia  lata. 
It  forms  a  strong  triangular  band  of  fascia  attached  above  to  the  inner  half  of 
Poupart's  ligament,  and  is  known  as  the  folciform  ligunsnt  It  has  an  important 
share  in  directing  the  course  of  a  femoral  hernia  upwards  on  to  the  abdominal 
wolL 

IrUemaily  in  relation  to  the  adductor  muscles  of  the  thigh  the  fascia  lata 
hecomea  much  thinner.  At  the  knee  it  is  associated  with  the  tendons  of  the  vasti 
muscles,  and  forms  the  lateral  Ucunents  of  the  patella,  attached  lo  the  borders  of 
the  patella  and  to  the  tuberosities  of  the  tibia.     Externally  it  gives  rise  to  the 


}  |>llUn  of  fiiUrnil  mbdonilnil  nog 
ftbdoiiiiDKL  Ting  Aud  Hperiiutk  con] 
ty  llffmin«nt  ot  penkg 


lolMorcai 

Fcnionl 


Flo.  274.— TBI  Qboih — THi  Sthuctubib  bkm  on  hucoval  of  TBI  SUPBRnCIAL  Fasci*. 


ilio-tlUal  band — a  broad  thick  layer  of  fascia  which  is  attached  above  to  the  iliac 
crest,  and  receives  the  insertions  of  two  muscles  in  the  upper  part  of  the  thigh — 
the  tensor  fasciae  femoris,  and  part  of  the  gluteus  maxlmus ;  it  is  attached  below 
to  the  capsule  of  the  knee-joint  and  the  outer  tuberosity  of  the  tibia.  The  fascia 
beneath  the  tensor  fasciie  femoris  muscle,  continued  upwards  from  the  ilio-tibial 
band,  sends  a  strong  band  inwards  which  joins  the  origin  of  the  rectus  femoris  and 
the  capsule  of  the  mp- joint. 

On  either  side  of  the  thigh  above  the  knee  an  intermuscular  septum  is  formed ; 
the  external  iateimiucnlar  septnm  extends  inwards  from  the  Lho-tibial  band  to  the 
external  supra-condyloid  ridge  and  linea  aspera  of  the  femur,  and  gives  attachment 
to  the  vastus  extemus  and  crureus  in  front,  and  the  short  head  of  the  biceps  behind. 
The  intsinal  intermnscnlar  septum  is  more  complex.  It  is  represented  by  a  layer  of 
fascia  which  forms  separate  envelopes  for  the  gracilis  and  sartorius  muscles,  and 
in  the  upper  and  middle  thirds  of  the  tliigh  encloses  the  adductor  muscles.  In  the 
middle  third  of  the  thigh  the  fascia  is  specially  thickened  by  transverse  fibres 
connecting  together  the  adductor  muscles  and  the  vastus  internus.  This  sheet  of 
fascia  forms  a  special  aponeurosis  beneath  the  sartorius,  which  roofs  over  the 
femoral  artery  in  Hunter's  canal.  In  the  lower  third  of  the  thigh  the  intermuscular 
septum  is  closely  associated  with,  and  is  to  a  large  extent  represented  by,  the 
tendon  of  the  adductor  magnus  muscle. 

The  &wU  lata  of  tiie  bnttock  is  thick  anteriorly  where  it  covere  and  gives  origin 
to  the  gluteus  medius,  thinner  posteriorly  over  the  gluteus  maximus,  at  the  upper 
border  of  which  it  splits  to  enclose  the  muscle.     It  is  greatly  thickened  over  the 
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region  of  the  great  trochanter,  where  it  forniB  the  insertiou  of  the  greater  part  of 
the  same  muscle. 

On  the  bftck  of  the  thigli  and  over  the  popliteal  space  the  fascia  is  strengthened 
bj  trtmsverBe  fthres  derived  from   the  hamstring  miisclea     The  po^taitl  Gueia 


Pio.  275.— Sdpkkficul  Musilks  of  the  Back. 

forming  the  roof  of  the  popliteal  space  ia  siwcially  thick,  and  is  usually  pierced 
by  the  external  saphenous  vein. 

A  femoral  hernia  appears  in  the  thigh  through  the  saphenous  openiog,  thereafter 
passing  upwards  over  I'oupart's  Lgament  to  the  anterior  abdominal  walL 

Femoral  Sheath. — This  is  a  eonical  membranous  investment  for  the  femoral 
■SBSels,   prolonged   into   Sciir^ia's  triangle  beneath   I'oupart's   ligament,  and  con- 
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tinaous  above  with  the  internal  fascial  lining  of  the  abdominal  wall,  formed  by 
the  fascia  transversalis  in  front  and  the  fascia  iliaca  behind.  The  sheath  is 
divided  into  three  compartments — an  external  space  for  the  artery,  an  inter- 
mediate space  for  the  vein,  and  an  internal  channel  containing  lymphatics,  and 
named  the  cmral  canaL  The  wall  of  this  is  known  as  the  crural  sheath.  This 
canal  is  the  passage  through  which  a  femoral  hernia  enters  the  thigh.  Its  upper 
limit  is  the  cmral  ring,  placed  behind  Poupart's  ligament  in  front  of  the  origin  of 
the  pectineus  muscle  from  the  pubis ;  it  is  bounded  internally  by  Gimbernat's 
ligament,  and  externally  by  the  femoral  vein.  In  front  of  it  the  fascia  trans- 
versalis forming  the  sheath  is  thickened  to  form  the  deep  cmral  arch.  The  part  of 
Poupart's  ligament  in  front  of  the  ring  is  called  the  superflcial  cmral  arch.  The 
deep  epigastric  artery  separates  the  crural  ring  from  the  internal  abdominal  ring. 
The  crural  canal  ordinarily  contains  fat  which  is  continuous  above  with  the  extra- 
peritoneal tissue.  The  crural  ring  is  filled  by  a  plug  of  fat  or  a  lymphatic  gland, 
constituting  the  cmral  septnin. 

The  crural  canal  ends  behind  the  saphenous  opening,  covered  by  the  cribriform 
fascia ;  the  falciform  ligament  crosses  over  it  and  conceals  its  upper  portion.  The 
course  of  a  femoral  hernia  is  determined  by  this  band  of  the  fascia  lata.  The  hernia 
descends  through  the  crural  ring,  pushing  the  crural  septum  before  it ;  it  traverses 
the  crural  canal,  and  is  directed  forwards  through  the  saphenous  opening.  The 
anterior  part  of  the  hernia  being  pressed  upon  and  retarded  by  the  crural  arches 
and  by  the  falciform  ligament,  the  posterior  part  pushes  onwards,  hooks  round  the 
falciform  ligament,  and  is  directed  upwards  over  Poupart's  ligament.  The  cover- 
ings of  a  femoral  hernia,  in  addition  to  peritoneum  and  extra-peritoneal  tissue 
(crural  septum),  are  crural  sheath,  cribriform  fascia,  superficial  fascia,  and  skin. 

THE  MUSCLES  ON  THE  FRONT  OF  THE  THIGH. 

The  muscles  on  the  front  of  the  tliigh  include  the  sartorius,  quadriceps  extensor, 
ilio-psoas,  and  pectineus  muscles. 

The  sartorias,  a  long  strap-like  muscle  stretching  obliquely  across  the  thigh, 
sxiaoB  by  short  tendinous  fibres  from  the  anterior  superior  spine  of  the  ilium  and 
half  of  the  notch  below  it  (Fig.  285,  p.  369).  It  passes  down  the  thigh  to  the 
inner  side  of  the  knee,  where  it  is  inserted  by  aponeurotic  fibres  into  the  inner 
surface  of  the  shaft  of  the  tibia  just  below  the  inner  tuberosity,  and  by  its  borders 
into  fascial  expansions  which  join  the  capsule  of  the  knee-joint  and  the  fascia 
lata  of  the  leg  (Fig.  279,  p.  363).  An  expansion  from  the  upper  part  of  the 
tendon  of  insertion  is  attached  along  an  oblique  line,  which  is  directed  downwards 
and  backwards,  above  the  attachment  of  the  gracilis,  to  the  internal  lateral  ligament 
of  the  knee-joint,  with  which  it  is  connected. 

The  sartorius  is  superficial  in  its  whole  extent.  It  is  so  twisted  on  itself  that 
in  the  upper  third  of  its  length  its  superficial  surface  looks  forwards,  in  the  lower 
third  inwards,  at  the  side  of  the  knee.  It  passes  diagonally  down  the  thigh,  separat- 
ing the  quadricejw  extensor  externally  from  the  adductor  muscles  internally.  Its 
upper  third  forms  the  outer  boundary  of  Scarpa's  triangle  ;  its  middle  third  forms 
the  roof  of  Hunter's  canal ;  and  its  lower  third,  in  contact  with  the  inner  side  of  the 
knee,  is  separated  from  the  tendon  of  the  gracilis  muscle  by  the  long  saphenous 
nerve  and  a  branch  of  the  anastomotic  artery.  A  bursa  lies  beneath  the  tendon  at 
its  insertion.  The  sartorius  conceals  in  its  upper  third  the  external  circumflex 
vessels  and  branches  of  the  anterior  crural  nerve,  and  it  covers  the  femoral  vessels 
in  Hunter's  canal. 

The  quadriceps  extensor  (m.  quadriceps  femoris)  lies  between  the  sartorius 
on  the  one  hand  and  the  tensor  fasciae  femoris  and  ilio-tibial  band  on  the  other ; 
it  is  composed  of  four  muscles — the  rectus  femoris,  vastus  externus,  crureus,  and 
vastus  internus. 

The  rectus  femoris  has  a  double  tendinous  origin.  (1)  The  straight  head 
arises  from  the  anterior  inferior  spine  of  the  ilium  (Fig.  282,  p.  366);  (2)  the 
reflected  head  springs  from  a  rough  groove  on  the  dorsum  ilii  just  above  the 
highest  part  of  the  acetabulum  (Fig.  285,  p.  369;.      A  bursa  lies  beneath  this 
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head  of  origin.  The  two  heads,  bouad  together  and  oonnected  to  the  capeule  of 
the  hip-joint  by  a  band  of  fascia  derived  from  the  under  surface  of  the  tensor 
fasciee  femoris  (ilio-tibial  band),  give  rise  to  a  single  tendon  which  e.\teud8  for 


KhM  psetlneiu) 
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some  distance  on  the  front  of  the  muscle,  and  from  which  the  muscular  fibres  arise. 
The  muscular  fibres  springing  from  this  tendon,  and  also  from  a  median  septal 
tendon,  present  a  bipennate  arrangement,  and  end  below  in  a  brood  tendon  which 
passes  upwards  for  some  distance  along  the  posterior  surface  of  the  muscle.     This 
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teodan  gradually  uarrows  towards  the  knee,  and  spreading  out  again,  is  inserted 
into  the  upper  border  of  the  patella.  It  receives  laterally  parts  of  the  insertions 
of  the  vaati  inusclus,  and  on  its  deep  surface  is  joined  by  the  tendinous  insertion 
of  the  crureus. 

The  rectus  femoria  is  superficial  except  at  its  origin,  which  is  covered  by  the 
glutei,  tensor  fosciie  femoris,  and  sartorius  muscles.  On  its  inner  side  lie  the 
iliacus,  sartorius,  and  vastus  intemua ;  ou  its  outer  side  are  the  tensor  fasciie  femoris 
and  vastus  eicteruus.  1 1  conceals  the  crureus  muscle  and  branches  of  the  external 
circumflex  artery  and  anterior  crural  nerve.  A  bursa,  which  communicates  with 
the  synovial  membrane  of  the  knee-Joint,  lies  beneath  its  tendon  in  front  of  the 
lower  end  of  the  shaft  of  the  femur. 

The  vaatuB  extemuB  (m.  vastus  lateralis)  has  au  origin,  partly  fleshy,  partly 
membranous,  (1)  (slightly)  from  the  ca^nule  of  the  hip-joint,  (2)  from  the  tubercle 
of  the  femur,  (3)   from   a   concave 
surface  on   the   front   of  the   shaft 
of  the  bone  internal   to   the  great 

trucbanter,  (4)  from  the  lower  border  imtuoo) 

of  the  great  trochanter,  (5)  from  tlie 
outer  margin  of   the   gluteal   ridge 

of  the  femur  and  the  tendon  of  the  ill^tu^*^'"' 

gluteus  maximus,  (6)  from  the  upper 
half  of  the  linea  aspera,  and  (7)  from 
tht:  fascia  lata  and  external  inter- 
muscular septum  (Fig.  277,  p.  361). 

It  forms  a  thick,  broad  muscle 
directed  downwards  and  forwards, 
and  is  inserted  by  a  broad  mem- 
branous tendon  into  (1)  the  outer  iiemm  (.nigin) 
border  of  the  tendon  of  the  rectus 
femoris,  (2)  the  upper  and  outer 
border  of  the  pateUu,  and  (3)  the 
capsule  of  the  knee-joint,  and  the 
external  Utenil  ligament  of  the  i 
patella.  The  vastus  exteruus  is 
covered  auperficially  by  the  fascia 
lata  and  the  ilio- tibial  band.  A 
bursa  intervenes  between  it  and  the 
membranous  insertion  of  the  gluteus 

mjximus  :  at  its  inner  border  is  the      ^"^-  a^'^ML-acxEAyiAtHUESTB  to  the  aniehior 
rectus  femuris;  and  under  cover  of  i'ki'ace  of  the  i.mu  part 

it,  on  a  deeper  plane,  is  the  crureus,  which  is  also  to  a  lai^  extent  concealed  by 
the  muscle.  Between  the  vastus  externus  and  crureus  is  the  descending  branch  of 
the  external  circumflex  artery. 

The  Tastos  interaas  (m.  vastus  medialis)  is  larger  than  the  vastus  externus 
and  has  a  more  extensive  origin,  from  (1)  the  shaft  of  the  femur — from  the  lower 
two-t"hirds  or  more  of  the  spiral  line,  the  linea  aspera,  and  the  upper  two-thirds 
of  the  line  leading  from  the  linea  aspera  to  the  internal  condyle  of  the  femur; 
(2)  the  membranous  expansion  of  the  fascia  lata  which  lies  beneath  the  sartorius 
and  forms  the  roof  of  Hunter's  canal ;  and  (3)  the  internal  intermuscular  septum 
and  the  tendon  of  the  adductor  magnua  (Figs.  277,  p.  361,  and  281,  p.  365). 

From  its  or^in  the  muscle  is  directed  downwards  and  outwards  towards  the 
knee ;  it  is  inserted  by  a  strong  aponeurotic  tendon  into  (1)  the  inner  border  of  the 
rectus  tendon ;  (2)  the  upper  and  inner  border  of  the  patella-;  and  (3)  the  capsule  of 
the  knee-joint  and  the  internal  lateral  ligament  of  the  patella.  The  vastus 
internus  is  superficial  except  at  its  origin,  which  is  concealed  by  the  sartorius 
muscle  and  femoral  vessels.  Along  its  outer  side  are  the  rectus  and  crureus; 
the  muscle  conceals  the  inner  side  of  the  shaft  of  the  femur  and  the  crureus, 
vrith  which  it  is  closely  incorporated  in  its  lower  two-thirds. 

The  crureuB  muscle  (m.  vastus  intermedius)  arises  by  fleshy  fibres  (1)  from  the 
26 
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upper  two-thirds  of  the  shaft  of  the  femur  on  the  anterior  and  external  snrfacee, 
(2)  from  the  lower  half  of  the  outer  lip  of  the  linea  aspera  and  the  upper  part 
of  the  line  leading  therefrom  to  the  external  condyle,  as  well  as  {3)  from  a 
corresponding  portion  of  the  external  intermuscular  septum  (Fig.  277,  p.  361). 

For  the  meet  part  deeply  placed,  the  muscle  is  directed  downwards  to  an 
iiuertion  into  the  deep  surface  of  the  tendons  of  the  rectus  and  vasti  musclee  by 
means  of  fibres  which  join  a  membranous  expansion  on  its  surface. 

The  crureus  is  concealed  by  the  rectus  and  vaati  muscles,  and  externally,  in 
the  lower  half  of  the  thigh,  by  the  ilio-tibial  band.  It  is  closely  adherent  to  the 
vastus  externus  muscle  in  the  middle  third  of  the  thigh;  it  is  inseparable  from 
the  vastus  internus  below  the  upper  third.      Beneath  the  crureua  b  the  femur ; 


Fig.  278,— TBAHsVBRaE  Sectiob  op  tbe  Tjuqh  (HuNTEh's  Canal). 

and  in  the  lower  third  of  the  thigh  it  conceals  the  subcrureus  muscle,  a  bursa,  and 
the  upward  prolongation  of  the  synovial  membrane  of  the  knee-joint. 

The  subcrureus  conaiata  of  a  number  of  separate  bundles  of  muscular  fibres 
arising  beneath  the  crureus  from  the  lower  fourth  of  the  front  of  the  femur,  and 
insertsd  into  the  synovial  membrane  of  the  knee-joint  beneath  the  tendon  of  the 
rectus  femoris. 

The  four  elements  composing  the  quadriceps  extensor  muscle  have  been  traced 
in  their  convei^ence  to  the  patella  and  the  lateral  ligaments  of  the  patella.  Their 
ultimate  insertion  is  into  the  tibia  (Fig.  279,  p.  363),  by  means  of  the  ligunsntiim 
patelbe  and  the  lateral  lifaments  of  ijie  patella.  The  patella,  indeed,  is  in  one  sense 
a  sesamoid  bone  formed  in  the  tendon  of  the  muscle,  the  Ugamentum  patellae  being 
the  real  tendon  of  insertion,  and  the  lateral  ligaments  fascial  expansions  from 
its  bordera  The  insertion  of  the  muscle  forms  the  front  of  the  capsule  of  the 
knee-joint 

The  llio-pBoas  mnsde  is  a  compound  muscle,  consisting  of  one  or  sometimes 
two  elemtmta, — psoas  (magnns  and  parvus),  connecting  the  femur  and  pelvic  girdle  to 
the  axial  skeleton ;  and  another  element,  the  iliacns,  extending  between  the 
innominate  bone  and  the  femur.  The  muscles  chiefly  occupy  the  posterior  wall  of 
the  abdomen  and  false  pelvis,  their  insertions  only  appearing  in  the  thigh  below 
Poupart's  ligament. 

The  psoas  magnus  (m.  psoas  major)  is  a  large  pyriform  muscle,  which  has  an 
extensive  origis  by  fleshy  fibres  from  the  vertebral  column  in  the  lumbar  region. 
It  arises  (1)  from  the  intervertebral  discs  above  each  lumbar  vertebra,  and  from  the 
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adjacent  mai^na  of  the  vertebne — from  the  lower  border  of  the  12th  thoracic 
to  the  upper  border  of  the  5th  lumbar  vertebra;  (2)  it  arises  also  from  four 
aponeurotic  arches  which  pass  over  the  sides  of  the  bodies  of  the  first  four 
lumbar  vertebra ;  and  (3)  it  has  an  additional  origin  posteriorly  from  the  transverse 
processes  of  all  the  lumbar  vertebwe.  The  fibres  form  a  fusiform  muscle  directed 
downwards  over  the  pelvic  brim  and  beneath  Poupart'e  ligament,  ending  in  a 
tendon  which  is  inserted  into  the  apex  of  the  lesser  trochanter  of  the  femur  (Fig. 
281,  p.  365). 

The  psoas  muscle  occupies  the  posterior  abdominal  wall,  the  false  pelvis,  and 
the  thigh.  In  the  abdomen  it  lies  in  the  groove  alongside  the  bodies  of  the  lumbar 
vertebne,  in  front  of  the  transverse  pro- 
cesses, and  is  enveloped  by  a  fascia 
derived  from  the  lumbar  aponeurosis. 
The  abdominal  viscera  in  contact  with 
it  are :  the  kidney  and  colon  on  both 
sides,  with  the  duodenum  on  the  right, 
and  the  pancreas  on  the  left  aide.  The 
ureter  is  in  front  of  it,  along  with  the 
spermatic  or  ovarian,  the  renal  and  colic 
Teasels.  The  inferior  vena  cava  is  in 
front  of  the  right  muscle ;  the  inferior 
mesenteric  vein  is  in  front  of  that  of  the 
left  aide.  The  lumbar  plexus  is  em- 
bedded in  its  substance,  and  the  nerves 
of  distribution  emerge  from  its  surface 
and  borders.  In  the  false  pelvis  the 
peoas  covers  the  pelvic  brim,  and  is 
covered  by  the  ureter,  the  iliac  vessels, 
the  ileum  on  the  right  side,  and  the 
iliac  colon  on  the  left  side.  The  vas 
deferens  and  spermatic  vessels  cross  over 
it  just  above  Foupart's  ligament.  In 
Scarpa's  triangle  the  tendon  is  behind 
the  femoral  vessels,  between  the  iliacus 
and  pectineus,  and  in  front  of  the 
obturator  extemus  muscle  and  the  hip- 
joint.  A  bursa,  which  may  be  con- 
tinuous with  the  synovial  cavity  of  the 
hip-joint,  separates  the  tendon  from  the  *''°-  279.— mu: 
pubis  and  the  capsule  of  the  hip-joint.  ot  tbi 

The  psoas  parrua  (m.  psoas  minor)  is  often  absent  (40  per  cent).  It  arises  by 
desby  fibres  from  the  intervertebral  disc  between  the  last  thoracic  and  first  lumbi^ 
vertebrse,  and  from  the  contiguous  margins  of  these  vertebrte.  The  muscle  is 
closely  apposed  to  the  anterior  surface  of  the  psoas  magnus.  It  forms  a  slender 
fleshy  belly,  and  is  inserted  by  a  narrow  tendon  into  the  middle  of  the  ilio-pectineal 
line  and  the  ilio-pectineal  eminence,  its  margins  blending  with  the  fascia  covering 


The  iliacus  muscle  arises  by  fleshy  fibres,  mainly  from  a  horseshoe-shaped 
origin  around  the  margin  of  the  iliac  fossa;  it  has  additional  origins  also  from 
the  ala  of  the  sacrum,  the  anterior  sacro-iliac,  lumbo-sacral,  and  ilio-lumbar 
ligaments,  and  outside  the  pelvis,  from  the  upper  part  of  the  ilio-femoral  band. 
It  is  a  fan-shaped  muscle,  ila  fibres  passing  downwards  over  the  hip-joint  towards 
the  small  trochanter  of  the  femur.  It  is  inserted  by  fleshy  fibres  (1)  into  the 
outer  side  of  the  tendon  of  the  psoas  magnus;  (2)  into  the  concave  anterior  and 
upper  surfaces  of  the  small  trochanter ;  and  (3)  into  the  shaft  of  the  femur  below 
the  small  trochanter  for  about  an  inch  (Fig.  281,  p.  365) ;  and  (4)  by  its  most 
external  fibres  into  the  capsule  of  the  hip-joint.  These  fibres  are  often  separate, 
forming  the  iliacus  minor,  or  ilio-capanlaris. 

The  muscle  occupies  the  false  pelvis  and  Scarpa's  triangle.     It  forms  the  back 
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wall  or  the  false  pelvie  aod  ie  covered  aiiteriorl;  by  the  iliac  fascia.  It  is  in 
contact  with  the  csecum  on  the  right  side  and  the  iliac  colon  on  the  left  side. 
The  paoas  muscle  lies  along  its  inner  border,  with  the  anterior  crural  nerre  in  the 
interval  between  them.  After  passing  beneath  Poupart's  ligament,  and  over  tbe 
capsule  of  the  hip-joint,  the  muscle  occupies  the  outer  part  of  the  Hoot  of  Scarpa's 
triangle,  internal  to  the  sartorius  and  rectus  femoris  muscles. 


r:u.  280.— ViKW    IF   TUB   POSTBRIOH   ABDOylNAL   WAr.L,   TO   SHOW   THK   MUECLBS   AHD  IHl   NlBTH  OF 

THE    LuUBO-i^ArilAI.    HlEXI'S. 

The  pectineas  muscle  arises  by  fleshy  fibres  from  the  sharp  anMrior  portion 
of  the  ilio-pectineol  line  of  the  pubis,  and  from  the  triangular  surface  of  the 
pubic  bone  in  front  of  this  (Fig.  '282,  p.  366).  It  also  arises  from  the  femoral 
surface  of  Gimbernat's  ligament,  and  from  the  pubic  portion  of  the  fascia  lata  vbich 
covers  it.  Forming  a  broad  muscular  band,  it  is  directed  obliquely  downwards, 
backwards,  and  outwards,  to  be  inserted  by  a  thin  flat  tendon  about  two  inches 
in  length  into  the  upper  half  of  the  pectineal  line  leading  from  the  back  of  the 


THE  MUSCLES  ON  THE  INNER  SIDE  OF  THE  THIGH.        365 

email  trochanter  of  the  femur  towards  the  IJnea  aapera;   its  lower  attachmeDt 
beiug    placed    in    front   of    the 
insertion  of  the  adductor  brevis 
mcBcle  (Fig.  281,  p.  365). 

The   pectineus   forms  a  part  oiutciui 
of  the  floor  of  Scarpa's  triangla         """ 
Covered  by  the  pubic  portion  of 
the   fascia   lata,   it    is  partiaUy 
concealed  hj  the  femoral  vessels 
and    the   insertion   of    the   ilio-  ','.?^''i?"'', 

,.1-         ■        I-        .       1-    4.1.  sUi  (Iniertton) 

psoas.     It   lies  u   front  oi    the  num 

pubic    bone,   the   obturator    ex- 

ternuB     and     adductor      brevis  ^^^^ 

muscles,  and  the  Buperficial  part 
of    the    obturator    nerve.       Its 

outer   border  is   separated    from  „y^j 

the  peoas  by  the  internal  cir- 
cumSes  vessela  Its  inner  border 
is    in    contact    above   with    the       *^'"'' 

adductor  longus,  but  is  separated  wction) 

from     it     below    by    the    deep  " 

femoral     vessels.       The    muscle  ii»(orisiii 

may     be     occasionally     divided        AtiJ 
into  inner   and  outer  parts,  the 
former    innervated    by    the    ob- 
turator, the  latter  by  the  anterior 
crural  nerve. 

THE  MUSCLES  ON  THE  INNER 
SIDE  OF  THE  THIGH. 

The  muscles  on  the  inner  side  ^'"-  hbl-musclb-attachmbsts  to  the  PogtBBioR  AapBPr 
of    the    thigh   include    the    ad-  "'  *"«  "''"''  ^*"  ""  ^^  ^-"""^ 

ductors  of    the    femur^the   adductor    longus,  adductor    brevis,  and   adductor 
magDus ;  the  gracilis,  and  the  obturator  extemus. 

The  gracilis  miigcle  is  a  long  flat  band  placed  on  the  inner  side  of  the  thigh 
and  knee.  It  ariseB  by  a  thin  aponeurotic  tendon  &om  the  lower  half  of  the  edge 
of  the  symphysis  pubis,  and  for  a  similar  distance  from  the  border  of  the  adjoining 
part  of  the  pubic  arch  (Fig.  282,  p.  366).  Its  flattened  fleshy  belly  passes  down 
on  the  inner  side  of  the  thigh  to  the  knee,  where  it  ends  In  a  tendon,  which  expands 
to  be  inserted  into  the  inner  side  of  the  shaft  of  the  tibia  just  below  the  inner 
tuberosity,  behind  the  sartoriuB  and  above  and  in  front  of  the  semitendinosuB 
(Fig.  279,  p.  363).  It  is  separated  from  the  sartorius  tendon  by  a  bursa,  and 
beneath  its  tendon  is  another  bursa  common  to  it  and  the  semitendinosus. 

The  gracilis  is  superficial  in  its  whole  extent,  except  at  its  insertion  which  is 
concealed  by  the  insertion  of  the  sartorius  muscle.  Its  deep  surface  covers  the 
borders  of  the  adductor  longus  and  adductor  magnua  muscles,  as  well  as  the  super- 
6cial  part  of  the  obturator  nerve.  At  the  inner  side  of  the  knee  it  lies  between 
the  sartorius  and  semitendinosus. 

The  adductor  longus  is  a  triangular  muscle  arising  by  a  rounded  tendon  from 
the  anterior  surface  of  the  body  of  the  pubis  in  the  angle  between  the  crest  and 
symphysis  (Fig.  282,  p.  366).  Extending  downwards  and  outwards,  it  is  inserted 
into  the  middle  two-fourths  of  the  inner  lip  of  the  linea  aapera  in  front  of  the 
adductor  magnus.  Lying  in  the  same  plane  as  the  pectineus,  the  adductor  longus  is 
in  contact  with  that  muscle  near  its  origin,  but  is  separated  from  it  below  by  an 
interval  through  which  the  deep  femoral  vessela  pass.  Its  inner  border  is  in  contact 
with  the  gracilis  and  sartorius  muscles.  Its  anterior  surface  forma  part  of  the  floor 
of  Scarpa's  triangle  above,  part  of  the  floor  of  Hunter's  canal  below.  It  is  covered 
near  its  insertion  by  the  sartorius  and  the  femoral  vesseb,  and  it  is  connected  to 
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the  origin  of  the  vastus  internus  by  an  aponeurotic  expansion  of  fascia  beneath 
the  aartoriua,  forming  the  roof  of  Hunter's  caoaL  Its  posterior  aur&ce  is  in 
relation  with  the  adductor  brevia  and  the  adductor  magnus  muscles,  the  deep 
femoral  vessels,  and  the  superficial  part  of  the  obturator  nerve.  The  adductor 
longuB  may  be  double,  or  more  or  less  fused  with  the  pectineus. 

The  adductor  brevis  is  a  large  musole  which  aiises  by  fleshy  and  short 
tendinous  fibres  from  an  elongated  oval  surface  on  the  front  of  the  body  and 
upper  part  of  the  descending  ramus  of  the  pubis,  surrounded  by  the  other  muscles 
of  this  group  (Fig.  282,  p.  366).  Directed  downwards  and  outwards,  the  muscle 
expands,  to  be  inserted  by  a  short  aponeurotic  tendon,  behind  the  insertion  of  the 
pectineus,  into  the  lower  two-thirds  of  the  line  leading  from  the  small  trochanter  of 


Flo.  262.— MUHCLE-AlTACKHENTS   TO   TBB  OUTER   SDRKACB   Ot  THB   P0B18  AND   Im^HII^M. 

the  femur  to  the  linea  aspera,  aud  to  the  upper  fourth  of  the  linea  aspera  itself 
(Fig.  286.  p.  370> 

The  adductor  brevis  is  the  central  muscle  of  the  adductor  group.  It  is  almost 
wholly  concealed  by  the  pectineus  and  adductor  longus.  It  rests  upon  the 
adductor  magnus ;  at  its  upper  border  is  the  obturator  extemus,  separated  from 
it  by  the  internal  circumflex  vessels ;  at  its  lower  border  is  the  adductor  longus, 
separated  by  the  deep  femoral  vessels.  It  separates  the  superficial  and  deep  parts 
of  the  obtuRitor  nerve  in  their  course  down  the  thigh. 

The  adductor  magtitis,  the  largest  of  the  adductor  group,  is  a  roughly  tri- 
angular muscle  arising  mainly  by  flesliy  fibres  )jy  a  curved  origin  from  the  lower 
part  of 'the  outer  border  and  a  large  portion  of  the  adjoining  inferior  surface  of  the 
ischial  tuberosity,  from  the  edge  of  the  ischial  ramus,  and  from  the  anterior  surface 
of  the  descending  ramus  of  the  pubis,  its  most  ant«rior  fibres  arising  between  the 
obturator  externus   and   adductor   brevis  (Figs.   282,  p.   366,  and   285,  p.  369). 
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Its  upper  fibres  are  directed  horizontally  outwarda  from  the  pubis  towards  the 
upper  part  of  the  femur ;  the  lowest  fibres  are  directed  downwanls  from  the  ischial 
tuberoaitj  to  the  internal  condyle  of  the  femur;  while  the  ^ intermediate  fibres 
radiate  obliquely  outwards  and  downwards.  The  muscle  is  inserted  by  tendinous 
fibres  (1)  into  the  space  below  the  insertion  of  the  quadratus  femoris,  above  the 
linea  aspera ;  (2)  into  the  whole  length  of  the  linea  aspera ;  (3)  into  the  internal 
supracondyloid  ridge  of  the  femur;  (4)  into  the  adductor  tubercle  on  the 
internal  condyle  of  the  femur ;  and  (5)  into  the  internal  intermuscular  septum 
(Fig.  286,  p.  370).  The  part  of  the  muscle  attached  to  the  space  above  the  linea 
aspera  is  ofleo  separated  from  the  rest  as  the  adductor  minimns.  The  attachment 
of  the  muscle  into  the  supracondyloid  ridge  is  interrupted  for  the  pass^e  of  the 
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Fia.  283.— BcRiHB  of  tbe  Couhbe  and  Dibikibutiom  op  the  Obtubatiib  Nebv*. 

femoral  vessels  to  the  popliteal  space.  The  attachment  to  the  internal  condyle 
is  by  means  of  a  strong  tendon  which  receives  the  fibres  arising  from  the  ischium 
(tbe  part  of  the  muscle  associated  with  the  hamstring  group).  This  tendon  ia  closely 
connected  witli  the  internal  lateral  ligament  of  the  knee-joint. 

The  adductor  magnua  intervenes  between  the  other  adductor  muscles  in  front 
and  the  hamstring  musclea  behind.  It  is  concealed  anteriorly  by  the  pectineus, 
adductor  brevis,  adductor  longue,  and  sartorius.  The  deep  femoral  artery  lies  on 
it  above.  It  forme  the  floor  of  Hunter's  canal  below,  where  the  femoral  vessels  lie 
upon  it.  The  hamstring  muscles  and  great  sciatic  nerve  are  behind  the  adductor 
magnus ;  the  obturator  exlernus  and  quadratus  femoris  are  at  its  upper  border ;  and 
along  its  inner  border  are  the  gracilis  and  sartorius  muscles. 

The  obturator  externiu  ia  placed  deeply  under  cover  of  the  previous  muscles. 
It  is  a  fan-shaped  muscle  lying  horizontally  in  the  angle  between  tbe  hip  bone  and 
the  neck  of  the  femur.  It  arises  from  tbe  outer  surface  of  the  pubis  and  ischium, 
which  form  the  Inferior  half  of  the  margin  of  the  thyroid  foramen,  and  from  the 
corresponding  portion  of  the  outer  surface  of  the  obturator  membrane  (Figs.  282, 
p.  366,  and  285,  p.  369).     Ita  fibres  converge  towards  the  great  trochanter,  and 
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head  of  origin.  The  two  beads,  bound  together  and  connected  to  the  capsule  of 
the  hip-joint  by  a  band  of  fascia  derived  from  the  under  surface  of  the  tensor 
faeciee  feinoris  (ilio-tibial  band),  give  riee  to  a  single  tendon  which  extends  for 
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Bouie  distance  on  the  front  uf  the  muscle,  and  from  which  the  muscular  fibres  arise. 
The  muscular  fibres  springing  from  this  teudon,  and  also  from  a  niediun  septal 
tendon,  present  a  bipennat€  arrangement,  and  end  below  in  a  brofid  tendon  which 
passes  upwards  for  some  distance  along  the  posterior  surface  of  the  muscle.     This 
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tendOD  gradually  narrows  towards  the  knee,  and  Bpreading  out  ^aia,  Is  inserted 
into  the  upper  border  of  the  patella.  It  receives  laterally  parte  of  the  insertions 
of  the  vastt  muscles,  and  on  its  deep  surface  is  joined  by  the  tendinous  insertion 
of  the  crureiis. 

The  rectus  femoris  is  superficial  except  at  its  origin,  which  is  covered  by  the 
glutei,  tensor  fascise  femoris,  and  sartorius  muscles.  On  its  inner  side  lie  the 
iliacus,  sartorius,  and  vastus  internus ;  ou  its  outer  side  are  the  teusor  fiisciie  femoris 
and  vastus  exteruus.  it  conceals  the  crureus  muscle  and  branches  of  the  external 
circumfiex  artery  and  anterior  crural  nerve.  A  bursa,  which  communicates  with 
the  synovial  membrane  of  the  knee-joint,  lies  beneath  its  tendon  in  front  of  the 
lower  end  of  the  shaft  of  the  femur. 

The  vastus  extemus  (m.  vastus  lateralis)  has  an  origin,  partly  fleshy,  partly 
membranous,  (1)  (slightly)  from  the  cai»ule  of  the  hip-joiut,  (2)  from  the  tubercle 
of  the  femur,  (3)  I'rom  a  concave 
surface  on  the  I'rout  of  the  shaft 
of  the  bone  internal  to  the  great 
trochanter,  (4)  from  the  lower  border 
of  the  great  trochanter,  (5)  from  the 
outer  miirgin  of   the  gluteal   ridge 

of  the  femur  aud  the  teudou  of  the  **'"' 

gluteus  maximuB,  (6)  from  the  upper 
half  of  the  linea  aspera,  and  (V)  from     <5imeu 
the   fascia  lata  aud  external  inter- 
muscular septum  (Fig.  277,  p.  361).        y,,^, 

It  forma  a  thick,  broad  muscle 
directed  downwards  aud  forwards, 
and  is  inserted  by  a  broad  mem- 
branous tendon  into  (1)  the  outer  ""''"'* 
border  of  the  tendon  of  the  rectus 
femoris,  (2)  the  upper  and  outer 
border  of  the  patella,  and  (3)  the 
capeule  of  the  knee-joint,  and  the 
external  lateral  ligament  of  the  ciurmi 
patella.  The  vastus  externus  is 
covered  superficially  by  the  fascia 
lata  and  the  ilio-tibial  band.  A 
bursa  intervenes  between  it  and  the 
membranous  insertion  of  the  gluteus 

maximus  :  at  its  iuner  border  is  the      *''°-  ■''"•yMrBCLE-ATTALauEsra  to  tub  a.\tkhii>r 
rectus  femoris ;  and  under  cover  of 

it,  on  a  deeper  plane,  is  the  crureus,  which  is  also  to  a  large  extent  concealed  by 
the  muscle.  Between  the  vastus  externus  and  crureus  is  the  descending  branch  of 
the  external  circumflex  artery. 

The  vastus  intemns  (m.  vastus  medialis)  is  larger  than  the  vastus  externus 
and  has  a  more  extensive  origin,  from  (1)  the  shaft  of  the  femur — from  the  lower 
two-ihirdB  or  more  of  the  spiral  line,  the  linea  aspera,  and  the  upper  two-thirds 
of  the  line  leading  from  the  linea  aspera  to  the  internal  condyle  of  the  femur; 
(2)  the  membranous  expansion  of  the  fascia  lata  which  lies  beneath  the  sartorius 
and  forms  the  roof  of  Hunter's  canal ;  and  (3)  the  internal  intermuscular  septum 
and  the  tendon  of  the  adductor  magnus  (Figs.  277,  p.  361,  and  281,  p.  365). 

From  its  origin  the  muscle  is  directed  downwards  and  outwards  towards  the 
knee ;  it  is  inserted  by  a  strong  aponeurotic  tendon  into  (I)  the  inner  border  of  the 
rectus  tendon ;  (2)  the  upper  and  inner  border  of  the  patella-;  and  (3)  the  capsule  of 
the  knee-joint  and  the  internal  lateral  ligament  of  the  patella.  The  vastus 
internus  is  superficial  except  at  its  origin,  which  is  concealed  by  the  sartorius 
muscle  and  femoral  vessels.  Along  its  outer  side  are  the  rectus  and  crureus ; 
the  muscle  conceals  the  inner  side  of  the  shaft  of  the  femur  and  the  crureus, 
with  which  it  is  closely  incorporated  in  its  lower  two-thirds. 

The  crarene  muscle  (m.  vastus  intermedius)  arises  by  fleshy  fibres  (1)  from  the 
26 
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upper  two-thirds  of  the  shaft  of  the  femur  on  the  anterior  and  external  surfaces, 
(2)  from  the  lower  half  of  the  outer  Up  of  the  linea  aspera  aud  the  upper  part 
of  the  line  leading  therefrom  to  the  external  condyle,  as  well  as  (3)  from  a 
corresponding  portion  of  the  esteraal  intermuscular  septum  (Fig,  277,  p.  361), 

For  the  most  part  deeply  placed,  the  muscle  is  directed  downwards  to  an 
insertion  into  the  deep  surface  of  the  tendons  of  the  rectus  and  vasti  muscles  by 
means  of  fibres  which  join  a  membranous  expansion  on  its  surface. 

The  crureus  is  concealed  by  the  rectus  and  vasti  niuscles,  and  externally,  in 
the  lower  half  of  the  thigh,  by  the  ilio-tibial  band.  It  is  closely  adherent  to  the 
vastuB  externus  muscle  in  the  middle  third  of  the  thigh ;  it  is  inseparable  from 
the  vastus  internus  below  the  upper  third.      Beneath  the  crureus  is  the  femur ; 
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and  in  the  lower  third  of  the  thigh  it  conceals  the  suhorureus  muscle,  a  bursa,  and 
the  upward  prolongation  of  the  synovial  membrane  of  the  knee-joint. 

The  Bubcrureua  consists  of  a  number  of  separate  bundles  of  muscular  fibres 
arising  beneath  the  crureus  from  the  lower  fourth  of  the  front  of  the  femur,  and 
inserted  into  the  synovial  membrane  of  the  knee-joint  beneath  the  tendon  of  the 
rectus  femoris. 

The  four  elements  composing  the  quadriceps  extensor  muscle  have  been  traced 
in  theur  couvei^nce  to  the  patelU  and  the  lateral  Ugaments  of  the  patella.  Their 
ultimate  insflrtion  is  into  the  tibia  (Fig.  279,  p.  363),  by  means  of  the  ligunratuii 
patella  and  the  lateral  ligaments  of  ^e  patella.  The  patella,  indeed,  is  in  one  sense 
a  sesamoid  bone  formed  in  the  tendon  of  the  muscle,  the  Ugamentum  patellae  being 
the  real  tendon  of  insertion,  and  the  lateral  ligaments  fascial  expansionB  from 
its  borders.  The  insertion  of  the  muscle  forms  the  front  of  the  capsule  of  the 
knee-joint. 

The  ilio-pBoas  mttscle  is  a  compound  muscle,  consisting  of  one  or  sometimes 
two  elements,— psoas  (magnns  and  pams),  connecting  the  femur  and  pelvic  girdle  to 
the  axial  skeleton ;  and  another  element,  the  iliacns,  extending  between  the 
innominate  bone  and  the  femur.  The  muscles  chiefly  occupy  the  posterior  wall  of 
the  abdomen  and  false  pelvis,  their  insertions  only  appearing  in  the  thigh  below 
Poupart's  ligament. 

The  psoas  maigniis  (m.  psoas  major)  is  a  large  pyriform  muscle,  which  has  an 
extensive  origin  by  ficahy  fibres  from  the  vertebral  column  in  the  lumbar  region. 
It  arises  (1)  from  the  intervertebral  discs  above  each  lumbar  vertebra,  and  &om  the 
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adjacent  margins  of  the  vertebife — from  the  lower  border  of  the  12th  thoracic 
to  the  upper  border  of  the  5th  lumbar  vertebra;  (2)  it  arises  also  &om  four 
aponenrotic  arches  which  pass  over  the  sides  of  the  bodies  of  the  first  four 
lumbar  vertebne;  and  (3)  it  has  an  additional  origin  posteriorly  from  the  transverse 
processes  of  all  the  lumbar  vertebrse.  The  fibres  form  a  fusiform  muscle  directed 
downwards  over  the  pelvic  brim  and  beneath  Poupart's  ligament,  ending  in  a 
tendon  which  is  inserted  into  the  apex  of  the  lesser  trochanter  of  the  femur  (Fig. 
281,  p.  365). 

The  psoas  muscle  occupies  the  posterior  abdominal  wall,  the  false  pelvis,  and 
the  thigh.  In  the  abdomen  it  lies  in  the  groove  alongside  the  bodies  of  the  lumbar 
vertebrffi,  in  front  of  the  transverse  pro- 
ceases,  and  is  enveloped  by  a  fascia 
derived  &om  the  lumbar  aponeurosis. 
The  abdominal  viscera  in  contact  with 
it  are:  the  kidney  and  colon  on  both 
sides,  with  the  duodenum  on  the  right, 
and  the  pancreas  on  the  left  side.  The 
ureter  is  in  front  of  it,  along  with  the 
spermatic  or  ovarian,  the  renal  and  colic 
vesselsL  The  inferior  vena  cava  is  in 
front  of  the  right  muscle ;  the  inferior 
mesenteric  vein  is  in  front  of  that  of  the 
left  dde.  The  lumbar  plexus  is  em- 
bedded iji  its  substance,  and  the  nerves 
of  distribution  emerge  from  its  surface 
and  borders.  In  the  false  pelvis  the 
psoas  covers  the  pelvic  brim,  and  is 
covered  by  the  ureter,  the  iliac  vessels, 
the  ileum  on  the  right  side,  and  the 
iliac  colon  on  the  left  side.  The  vas 
deferens  and  spermatic  vessels  cross  over 
it  just  above  Poupart's  ligament.  In 
Scarpa's  triangle  the  tendon  is  behind 
the  femoral  vessels,  between  the  iUacus 
and  pectineuB,  and  in  front  of  the 
obturator  externus  muscle  and  the  hip- 
joint.  A  bursa,  which  may  be  con- 
tinuous with  the  synovial  cavity  of  the 

hip-joint,  separates  the  tendon  from  the  *^'°'  279.— Mi'sclb-attachmenm  to  ^b  ikneb  sibb 
pubis  and  the  capsule  of  the  hip-joint. 

The  psoas  parrus  (m.  psoas  minor)  is  often  absent  (40  per  cent).  It  arises  by 
Seshy  fibres  from  the  intervertebral  disc  between  the  last  thoracic  and  first  lumbar 
vertebrse,  and  from  the  contiguous  margins  of  these  vertebrie.  The  muscle  is 
closely  apposed  to  the  anterior  surface  of  the  psoas  magnus.  It  forms  a  slender 
fleshy  belly,  and  is  inserted  by  a  narrow  tendon  into  the  middle  of  the  ilio-pectineal 
line  and  the  ilio-pectineal  eminence,  its  margins  blending  with  the  fascia  covering 
the  psoas  magnus. 

The  iliacus  muscle  arises  by  fleshy  fibres,  mainly  from  a  horseshoe-shaped 
origin  around  the  margin  of  the  iliac  fossa;  it  has  additional  origins  also  from 
the  ala  of  the  sacrum,  the  anterior  sacro-iliac,  lumbo-sacral,  and  iho-Iumbar 
hgaments,  and  outside  the  pelvis,  from  the  upper  part  of  the  ilio-femoral  band. 
It  is  a  fan-shaped  muscle,  its  fibres  passing  downwards  over  the  hip-joint  towards 
the  small  trochanter  of  the  femur.  It  is  inserted  by  fleshy  fibres  (1)  into  the 
outer  side  of  the  tendon  of  the  psoas  magnus ;  (2)  into  the  concave  anterior  and 
upper  surfaces  of  the  small  trochanter ;  and  (3)  into  the  shaft  of  the  femur  below 
the  small  trochanter  for  about  an  inch  (Fig.  281,  p.  365);  and  (4)  by  its  most 
external  fibres  into  the  capsule  of  the  hip-joint.  These  fibres  are  often  separate, 
forming  the  iliocns  minor,  or  ilio-capsnlaris. 

The  muscle  occupies  the  false  pelvis  and  Scarpa's  triangle.     It  forms  the  back 
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wall  of  the  falae  pelvis  and  is  covered  anteriorly  by  the  iliac  fascia.  It  is  in 
coDtact  with  the  csecum  on  the  right  side  and  the  iliac  colon  on  the  left  side. 
The  psoas  muscle  lies  along  its  inner  border,  with  the  anterior  crural  nerve  in  ibe 
interval  between  them.  After  passing  beneath  Poupart's  ligament,  and  over  the 
capsule  of  the  hip-joint,  the  muscle  occupies  the  outer  part  of  the  Hoor  of  Scarpa's 
triangle,  internal  to  the  sartorius  and  rectus  femoris  muscles. 


I      D«p^iuiEh  orobtuntar  note 
Obturitoii  IITIIKNI'. 

Via.  280.— ViBw  <:y  THE  PosTBKioH  Abdouinai.  Wall,  to  show  tbe  Hufcun  and  thi  Mnm  or 

THB    LOHBO-SArBAT,   PLE\1'8. 

The  pectinetis  muscle  uiaes  by  fleshy  fibres  from  the  sharp  anterior  portioo 
of  the  ilio -pectineal  hue  of  the  pubis,  and  from  the  triangular  surface  of  liie 
pubic  bone  in  front  of  this  (Fig.  282,  p.  366).  It  also  arises  from  the  femoral 
surface  of  Gimbernat'a  ligament,  and  from  the  pubic  portion  of  the  fascia  lata  which 
covers  it.  Forming  a  liroad  muscular  band,  it  is  directed  obliquely  downwards. 
backwards,  and  outwards,  to  be  Inserted  by  a  thin  flat  tendon  about  two  inchee 
in  length  into  the  upper  half  of  the  pectineal  line  leading  from  the  back  of  th« 
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small  trochaDter  of  the  femur  towards  the  linea  aapera;   its  lower  attachment 
beiug    placed    in    front  of    the 
ioBertioD  of  the  adductor  brevia 
mnacle  (Fig.  281.  p.  365). 

The   pectineus   forms  a  part  ointci»] 
of  the  floor  of  Scarpa's  triangle        ''"' 
Covered  by  the  pubic  portion  of 
the   fascia    lata,  it    is  partially 
concealed  by  the  femoral  vesaek 

and    the   insertion   of    the   ilio-  .'.If^llf"'', 

psoas.     It   hes  in   iront  of  the  miu 

pubic    booe,   the   obturator    es- 
ter nuB     and     adductor      brevis  ^^ 
muscles,  and  the  superficial  part 
of    the    obturator    nerve.       Its 

outer   border  is   separated   from  ,y„,j 

the  psoas  by  the  internal  cir- 
cumflex vessela  Its  inner  border 
is    in    contact    above    with    the       *J''"* 

adductor  longua,  but  is  separated  ctioa) 

from     it     below    by    the    deep  " 

femoral     veeaels.       The    muscle  «(ori«iii 

may     be     occasionally     divided        *dd 
into  inner   and  outer  parts,  the 
former    innervated    by   the    ob- 
turator, the  latter  by  the  anterior 
crural  nerve. 

THE  MUSCLES  ON  THE  INNER 
SIDE  OF  THE  THIGH. 

The  muscles  on  the  inner  side    ^"^- '' 
of    the    thigh  include  the    ad- 
ductors of   the    femur — the   adductor    longus,  adductor    brevis,  and   adductor 
magnus ;  the  gracilis,  and  the  obturator  externus. 

The  gracilis  mascle  is  a  long  flat  band  placed  on  the  inner  side  of  the  thigh 
and  knee.  It  aiisea  by  a  thin  aponeurotic  tendon  from  the  lower  half  of  the  edge 
of  the  symphysis  pubis,  and  for  a  similar  distance  from  the  border  of  the  adjoining 
part  of  the  pubic  arch  (Fig.  282,  p.  366),  Its  flattened  fleshy  belly  passes  down 
OD  the  inner  side  of  the  thigh  to  the  knee,  where  it  ends  in  a  tendon,  which  expands 
to  be  iiuarted  into  the  inner  side  of  the  shaft  of  the  tibia  just  below  the  inner 
tuberosity,  behind  the  sartoriua  and  above  and  in  front  of  the  semitendinosus 
(Fig.  279,  p.  363).  It  is  separated  from  the  sartoriua  tendon  by  a  bursa,  and 
beneath  its  tendon  is  another  bursa  conmion  to  it  and  the  semitendinosus. 

The  gracilis  is  superficial  in  its  whole  extent,  except  at  its  insertion  which  is 
concealed  by  the  insertion  of  the  sartoriuB  muscle.  Its  deep  surface  covers  the 
borders  of  the  adductor  longus  and  adductor  magnus  muscles,  as  well  as  the  super- 
flcial  part  of  the  obturator  nerve.  At  the  inner  side  of  the  knee  it  lies  between 
the  sartorius  and  semitendinosus. 

The  adductor  longns  is  a  triangular  muscle  arising  by  a  rounded  tendon  from 
the  anterior  surface  of  the  body  of  the  pubis  in  the  angle  between  the  crest  and 
symphysis  (Fig.  282,  p.  366),  Extending  downwards  and  outwards,  it  is  inserted 
into  the  middle  two-fourths  of  the  inner  lip  of  the  linea  aapera  in  front  of  the 
adductor  magnus.  Lying  in  the  same  plane  as  the  pectineus,  the  adductor  longus  is 
in  contact  with  that  muscle  near  its  origin,  but  is  separated  from  it  below  by  an 
interval  through  which  the  deep  femoral  vessels  pass.  Its  inner  border  is  in  contact 
with  the  gracilis  and  sartorius  muscles.  Its  anterior  surface  forma  part  of  the  floor 
of  Scarpa's  triangle  above,  part  of  the  floor  of  Hunter's  canal  below.  It  is  covered 
near  its  insertion  by  the  sartorius  and  the  femoral  vesseb,  and  it  is  connected  to 
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the  origin  of  the  vastus  internus  by  an  aponeurotic  expansion  of  fascia  beneath 
the  sartorius,  forming  the  roof  of  Hunter's  canal  Its  posterior  surCace  is  in 
relation  with  the  adductor  brevis  and  the  adductor  magnus  muscles,  the  deep 
femoral  vessels,  and  the  superficial  part  of  the  obturator  nerve.  The  adductor 
longuB  may  be  double,  or  more  or  less  fused  with  the  pectineus. 

The  adductor  brevis  is  a  large  muscle  which  arisM  by  fleshy  and  short 
tendinous  fibres  from  an  elongated  oval  surface  on  the  front  of  the  body  and 
upper  part  of  the  descending  ramus  of  the  pubis,  surrounded  by  the  other  muscles 
of  this  group  (Fig.  282,  p.  366).  Directed  downwards  and  outwards,  the  moacJe 
expands,  to  be  iuMrted  by  a  short  aponeurotic  tendon,  behind  the  insertion  of  the 
pectineus,  into  the  lower  two-thirds  of  the  line  leading  from  the  small  trochanter  of 
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the  femur  to  the  linea  aspera,  and  to  the  upper  fourth  of  the  linea  aspera  iteelf 
(Fig.  286,  p.  370). 

The  adductor  brevis  is  the  central  muscle  of  the  adductor  group.  It  is  almost 
wholly  concealed  by  the  pectineus  and  adductor  longua  It  rests  upon  the 
adductor  magnus ;  at  its  upper  border  is  the  obturator  extemus,  separated  from 
it  by  the  internal  circumflex  vessels ;  at  its  lower  border  is  the  adductor  longus. 
separated  by  the  deep  femoral  vessels.  It  separates  the  superficial  and  deep  part« 
of  the  obturator  nerve  in  their  course  down  the  thigh. 

The  addactor  ma^os,  the  largest  of  the  adductor  group,  is  a  roughly  tri- 
angular muscle  arising  mainly  by  fleshy  fibres  by  a  curved  origin  from  the  lower 
part  of 'the  outer  border  and  a  large  portion  of  the  adjoining  inferior  surface  of  the 
ischial  tuberosity,  from  the  edge  of  the  ischial  ramus,  and  from  the  anterior  surface 
of  the  descending  ramus  of  the  pubis,  its  most  anterior  fibres  arising  between  the 
obturator  externus   and   adductor   brevis  (Figs.   282.  p.   366,  and   285,  p.   369). 
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It6  upper  fibres  are  directed  horizontally  outwards  from  the  pubis  towards  the 
upper  part  of  the  femur ;  the  lowest  fibres  are  directed  downwanJs  from  the  ischial 
tuberosity  to  the  internal  condyle  of  the  femur;  while  the  ^ intermediate  fibres 
mdiate  obliquely  outwards  aud  downwards.  The  muscle  is  inserted  by  tendinous 
fibres  (1)  into  the  space  below  the  insertion  of  the  quadratus  femoris,  above  the 
lines  aspera ;  (2)  into  the  whole  length  of  the  linea  aspera ;  (3)  into  the  internal 
supracondyloid  ridge  of  the  femur;  (4)  into  the  adductor  tubercle  on  the 
internal  condyle  of  the  femur;  and  (5)  into  the  internal  intermuscular  septum 
(Fig.  286,  p.  370).  The  part  of  the  muscle  attached  to  the  space  above  the  linea 
aspera  is  often  separated  from  the  rest  as  the  adductor  minimofl.  The  attachment 
of  the  muscle  into  the  supracondyloid  ridge  is  interrupted  for  the  passage  of  the 
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femoral  vessels  to  the  popliteal  space.  The  attachment  to  the  internal  condyle 
is  by  means  of  a  strong  tendon  which  receives  the  fibres  arising  from  the  ischium 
(the  part  of  the  muscle  associated  with  the  hamstring  group).  This  tendon  is  closely 
connected  with  the  internal  lateral  ligament  of  the  knee-joint. 

The  adductor  magnus  intervenes  between  the  other  adductor  Uiuscles  in  front 
and  the  hamstring  muscles  behind.  It  is  concealed  anteriorly  by  the  pectineus, 
adductor  brevis,  aldductor  longus,  and  sartoriua  The  deep  femoral  artery  hes  on 
it  above.  It  forms  the  floor  of  Hunter's  canal  below,  where  the  femoral  vessels  lie 
upon  it.  The  hamstring  muscles  and  great  sciatic  nerve  are  behind  the  adductor 
magnus ;  the  obturator  extemus  and  quadratus  femoris  are  at  its  upper  border ;  and 
along  its  inner  border  are  the  gracilis  and  sartorlus  muscles. 

The  obturator  extemns  is  placed  deeply  under  cover  of  the  previous  muscles. 
It  is  a  fan-shaped  muscle  lying  horizontally  in  the  angle  between  the  hip  bone  and 
the  neck  of  the  femur.  It  uises  from  the  outer  surface  of  the  pubis  and  ischium, 
which  form  the  inferior  half  of  the  margin  of  the  thyroid  foramen,  and  i'rom  the 
corresponding  portion  of  the  outer  surface  of  the  obturator  membrane  (Fige.  282, 
p.  366,  and  285,  p.  369).     Its  fibres  converge  towards  the  great  trochanter,  and 
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end  in  a  stout  tendon  which,  after  paasiag  below  and  behind  the  hip-joint,  is  ii 

into  the  digital   fossa   of 
the  great  trochanter  (Figs. 
286,p.  370,and  289,p.37i;. 
The    inferiot    surface     of 
the  muscle   is  in  contact 
r^u.!"^**""'    with    the    pectineue,    ad- 
iTOK  UTinHiTii    ductor     brevia,    and    ad- 
:tTva  rEuoniB     ductor    magDus    niuscles. 
Beparated   from   them    by 
the     internal    circumflex 
ua^iiAiiiiu8        vessels.    The  superior  sur- 
face   is     in     relation     to 
the    obturator   membrane 
and     the     neck     of     the 
femur.     The   tendon    lies 
below    and     behind     the 
capsule   of   the   hip-joint, 
and    near    its     insertion 
appears    in    the    buttock 
(wnder    cover    of    the 
gluteus     maximus)     be  - 
tween  the  inferior  gemel- 
irt  iieui)  lus  and  quadratuB  femoris 

muscles. 


n.«d) 
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This  group  includes 
the  three  glutei  muscles, 
the  tensor  tascise  femoriB. 
pyriformis,  obturator  in- 
ter dub  and  gemelli,  and 
quadrat UB  femoris. 

The  gluteus  m&ximtu 
is  a  large  quadrilateral 
muscle,  with  a  creseentic 
origin,  from  (1)  a  portion  of 
the  area  on  the  dorsum  ilii 
above  the  superior  curved 
line  (Fig.  285,  p.  369);  (2) 
the  tendon  of  the  erector 
spinse ;  (3)  the  posterior 
surface  of  the  sacrum  and 
coccyx  (Fig.  311,  p. 
396);  and  (4)  the  posterior  surface  of  the  great  sacro-sciatic  ligament.  The 
fibres  which  form  its  upper  and  outer  border  take  origin  directly  from  the 
fascia  lata  which  envelopes  the  muscle.  The  muMile  forms  a  large  Sesby 
mass,  whose  fibres  are  directed  obliquely  outwards  over  the  buttock,  invested 
by  the  fascia  lata,  and  are  inserted  by  short  tendinous  fibres,  partly  into  the  fascia 
lata  over  the  great  trochanter  of  the  femur  (joining  the  Uio-tibial  band),  and 
partly  into  the  gluteal  ridge  (Fig.  286,  p.  370).  The  fascia  lata  receivee  the 
insertion  of  the  whole  of  the  superficial  fibres  of  the  muscle  and  the  upper  half 
of  the  deep  fibres.  The  lower  half  of  the  deep  portion  of  the  muscle  is  inserted  for 
the  most  part  into  the  gluteal  ridge ;  but  the  lowest  fibres  of  all  are  inserted  into 
fascia  lata,  and  are  thereby  connected  with  the  external  intermuscular  septum  and 
"ibe  origin  of  the  short  head  of  the  biceps. 

The  gluteus  maximus  is  the  coarsest  and  heaviest  muscle  in  the  body.     By  its 
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weight  it  helpa  to  form  the  fold  of  the  nates.  It  is  superficial  in  its  whole  extent. 
The  gluteus  medius  is  viaihle  at  its  upper  border,  covered  by  the  fascia  lata ;  at  its 
lower  border  the  hamstriug  niuacteB  and  great  sciatic  oerve  appear  od  their  way 
down  the  thigh.  The  muscle  eoueeala  the  bones  from  which  it  arises,  along  with 
the  great  sciatic  ligament,  the  ischial  tuberosity,  and  the  great  trochanter  of  the 
femur.  It  abo  conceals  the  gluteus  medius  and  pyriformis,  with  a  branch  of  the 
gluteal  artery  between  them  ;  the  obturator  internus  and  gemelli,  with  the  sciatic 
vessels  and  nerves,  the  pudic  vessels  and  nerve,  and  the  muscular  branches  of  the 
sacral  plexus  above  them,  and  the  obturator  externus  and  a  branch  of  the  internal 
circumtlex  artery  below  them ;  the  quadratus  femoris  and  upper  part  of  the 
adductor  maj^ms  muscles,  with  the  internal  circumflex  vessels  between  them.  It 
covers  the  origins  of  the  hamstring  muscles,  and  by  its  insertion  into  the  fascia  lata, 
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the  vastus  externus.  The  first  perforating  artery  pierces  the  attachment  of  the 
muscle  to  the  gluteal  ridge.  Three  bursje  are  beneath  it :  one  (not  always  present) 
over  the  tuberosity  of  the  ischium,  a  second  over  the  outer  side  of  the  great 
trochanter,  and  a  third  over  the  vastus  externus.  The  fibres  of  the  gluteus 
maximus  arising  from  the  coccyx  may  form  a  separate  muscle  (agitator  canda). 

The  tensor  faBCise  femoris  (m.  tensor  fasciae  latae),  lying  on  the  same  plane  as 
the  gluteus  maximus,  arises  from  the  iliac  crest  and  the  dorsum  ilii  just  external  to 
the  anterior  superior  spine,  and  from  the  fascia  covering  its  outer  surface  (Fig. 
285,  p.  369).  Invested  like  the  gluteus  maximus  by  the  fascia  lata,  it  is  inserted 
about  the  level  of  the  great  trochanter  of  the  femur  into  the  fascia,  which  forms  the 
Uio-tibial  baud  (p.  357) 

The  tensor  fascia  femoris  muscle  is  superficially  placed,  and  is  enclosed  in  a 
strong  investment  of  the  fascia  lata,  the  deeper  layer  of  which  is  prolonged  up  to  Join 
the  tendon  of  the  rectus  femoris  and  the  capsule  of  the  hip-joint.  The  muscle  is 
placed  along  the  anterior  borders  of  the  gluteus  medius  and  gluteus  minimus,  and 
conceals  branches  of  the  gluteal  and  external  circumflex  vessels  and  the  termination 
of  the  suDcrior  gluteal  nerve.  The  sartorius  muscle  is  adjacent  to  it  anteriorly  at 
2?  ' 


370 


THE  MUSCULAB  SYSTEM. 


its  orieiQ.  BJid  is  separated  from  it 
below  by  the  rectus  femoria. 

The  glutens  medius  arisea  2^^,^ 
by  fleshy  and  tendinous  fibres  "  ("n, 
(1)  from  the  dorsum  ilii,  between 
the  iliac  creat  and  the  superior 
curved  line  above  and  the  middle 
curved  line  below  (Fig.  285, 
p.  369),  and  (2)  from  the  strong 
fascia  lata  covering  its  surface 
anteriorly.  It  is  a  fan-shaped 
muscle,  its  fibres  converging  to 
the  great  trochanter,  to  be  in- 
serted by  a  strong,  short  tendon 
into  the  poetero- superior  angle 
of  the  trochanter,  and  into  a  well- 
marked  diagonal  line  on  its  outer  q,u„ 
surface  (Figs.  286,  p.  370,  277, 
p.  361,  and  289,  p.  371).  A'W 

The  muscle  is  covered  along 
its  anterior  border  by  the  tensor        ^^^ 
fascise    femoria     Its    surface    is 
covered   over  by  the   fascia  lata 
aDd   the  gluteus  maximua     Its 
inferior  border  is  separated  from  the  j 
muscle  by  the  superficial  branch  of  th 
artery.      Its   deep   surface    is    in    coni 
the    gluteus    minimus,   the   gluteal   ve 
superior  gluteal  nerve,  and  the  insertii 
pyriformis  muscle.     A   bursa  is  placed  oeneatn 


ertiaa) 
iu(ariRin) 
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iLi:  the  tendon  at  its  insertion. 
The  glnteas  minuniu 
arieea  by  fleshy  fibres  from 
tlie  dorsum  ilii  between 
the  middle  and  inferior 
curved  lines  (Fig.  285, 
p.  369).  This  muscle  is 
fan-shaped  and  its  fibres 
converge  to  the  antero- 
superior  angle  of  the 
great  trochanter,  to  be 
inserted  into  the  anterior 
surface  of  the  trochanter. 
and  sometimes  also  into 
the  front  part  of  the 
upper  border  (Figs.  277, 
p.  361,  and  289,  p.  371). 
It  is  also  inserted  into  the 
capsule  of  the  hip-joint. 
The  muscle  is  concealed 
by  the  tensor  faeciii' 
femoris  and  gluteus 
mediua.  The  pyriformiB 
is  in  contact  with  its  in- 
ferior border,  and  beneath 
it  are  the  capsule  of  the 
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hip-joint  and    the   reflected  tendon   of  the  rectus  femoris  muscle.      A  bursa  is 
placed  beneath  the  tendon  in  front  of  the  great  trochanter. 

The  pyriformis  is  one  of  the  few  muscles  connecting  the  lower  limb  to  the 
axial  skeleton.  It 
arises  (1)  within  the 
pelvis  from  the 
pedicles  of  the  second, 
third,  and  fourth 
sacral   vertebne,  and 

from     the     adjacent  hmtvb 

part  of  the  bone  ez- 

lemal  to  the  anterior  '  '"*' 

sacral  foramina ;  pass-  "'"^ 

ing  outwards  through 

the  great  sacro-sciatic  iNTium-* 

foramen,   it   receives   j„,p^g,  ,yj,^  'Litikcm 

ao    origin    (2)    from     Ve™  to"obti 

the  upper  margin  of  *"'  hmobu 

ihe    great    sciatic  Dmrvi 

notch   of  the   ilium,  "^^ 

and  (3)  from  the 
pelvic  surface  of  the 
great      sacro  -  sciatic  adduch 

ligament.       In     the        himstrin  m 

buttock  it  forms  a 
rounded  tendon, 
which  is  insarted  into 
a  facet  on  the  upper 
border  and  inner 
aspect  of  the  great 
-     ichanter    of   the  Fid.  288.-Tbb  Mubclm  asd  Nebvm  of  tm  Bonocu. 


femur,      partly      Sur-   "^^  gluUua  msiiniiis  is  rellecled  ;  and  the  glutaua  mediua  Is  cut  io  part  to  show 

rounding    the   inser-  e  g » eu»  mmimm. 

tion  of  the  obturator  internus  (Figa  286,  p.  370,  277,  p.  361,  and  289.  p.  371> 
The  pyriformis,  besides  appearing  in  the  buttock,  unes  the  posterior  wall  of  the 

pelvis.     In  the  pelvis  it  lies  behind  the  rectum,  covered  by  a  thin  layer  of  the 

parietal  pelvic  fascia.     In  the  buttock  it  is  covered  by  the  gluteus  miximus,  and 

at  its  insertion  by  the 
gluteus  medius,  and 
it  lies  upon  the  ilium 
and  the  capsule  of 
the  hip-joint.  At  its 
upper  border  are  the 
gluteus  medius  and 
gluteus  minimus,  sepa- 
rated by  the  superior 
gluteal  nerve  and  the 
gluteal  artery ;  its 
lower  border  is  separ- 
ated from  the  gemelli 

""*'^,°,"        .     —  r.  and  obturator  intemus 

THE   UrrEB   Aspect  of  the  Gkeat    ,  .    ,  ,  ,        .  .  , 

..■  IBB  Fewie.  byan  interval  m  which 

the  sciatic  and  pudic 
vessels  and  the  nerves  of  the  sacral  plexua  appear.  The  anterior  fibres  of  the 
muscle  may  be  separate. 

The  obturator  internttB  arises  by  fleshy  fibres  on  the  pelvic  aspect  of  the  hip 
bone,  (1)  from  the  whole  of  the  margin  of  the  thyroid  foramen  (except  the  obturator 
notch,  and  a  portion  posteriorly  opposite  the  small  sciatic  notch);  (2)  from  the 
surface,  of  the  obturator  membrane ;  (3)  from  the  whole  of  the  pelvic  surface  of 
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the  hip  bone  behind  and  above  the  thyroid  foramen ;  and  (4)  slightly  from  the 
parietal  pelvic  fascia  covering  it  internally.  It  is  a  fan-shaped  muscle,  and  its 
fibres  converging  to  the  lesser  sacro-sciatic  foramen,  give  rise  to  several  tendons 
which  hook  round  the  margin  of  the  foramen  (a  bursa  intervening),  and  after 
traversing  the  buttock,  unite  together  to  be  inserted  into  a  facet  on  the  inner 
surface  of  the  great  trochanter  of  the  femur  above  the  digital  fossa  (Figs.  286,  p. 
370,  and  289,  p.  371). 

In  the  pelvis  the  muscle  occupies  the  lateral  wall,  covered  by  the  parietal 
(obtiirator)  layer  of  pelvic  fascia,  which  separates  it  from  the  pelvic  cavity  above 
and  the  ischio-rectal  fossa  below.  It  is  separated  from  the  contents  of  the  pelvis, 
above  by  the  peritoneum  and  extra-peritoneal  fat,  below  by  the  fat  in  the  ischio- 
rectal fossa.  The  internal  pudic  vessels  and  nerve  cross  it  in  the  outer  wall  of  the 
fossa  in  a  special  sheath  of  the  fascia.  In  the  buttock  the  tendon  is  embraced  by 
the  gemelli  muscles  which  are  attached  to  its  upper  and  lower  margins.  The  tendon 
is  crossed  by  the  sciatic  vessels  and  nerves,  and  lies  against  the  upper  and  back  part 
of  the  capsule  of  the  hip-joint. 

The  gemelli  muscles  form  accessory  portions  of  the  obturator  intemu&  They 
are  two  in  number,  superior  and  inferior,  and  are  wholly  composed  of  fleshy  fibres. 

The  superior  gemellus  arises  from  the  gluteal  surface  of  the  ischial  spine  and 
from  the  upper  part  of  the  margin  of  the  lesser  sciatic  notch  (Fig.  285,  p.  369). 
It  is  inserted  into  the  upper  margin  and  superficial  surface  of  the  tendon  of  the 
obturator  internus  muscle. 

The  gemellus  inferior  arises  from  the  upper  part  of  the  gluteal  surface  of  the 
ischial  tuberosity  and  the  lower  part  of  the  margin  of  the  lesser  sciatic  notch 
(Fig.  285,  p.  369).  It  is  inserted  into  the  lower  margin  and  superficial  aspect 
of  the  tendon  of  the  obturator  internus. 

The  quadratus  femoris  arises  from  the  outer  margin  of  the  ischial  tuberosity 
(Figs.  282,  p.  366,  and  285,  p.  369),  and  is  inserted  into  the  quadrate  tubercle 
and  quadrate  line  of  the  femur  (Fig.  286,  p.  370).  The  muscle  is  placed  beneath 
the  gluteus  maximus,  and  is  crossed  by  the  sciatic  vessels  and  nerves.  Its  origin 
is  concealed  by  the  hamstring  muscles.  Its  deep  surface  is  in  contact  with  the 
obturator  externus  muscle  and  the  small  trochanter  of  the  femur,  a  bursa  inter- 
vening. Its  upper  border  is  separated  from  the  inferior  gemellus  by  an  interval, 
containing  the  tendon  of  the  obturator  externus  and  the  ascending  branch  of  the 
internal  circumflex  artery.  Its  lower  border  is  separated  from  the  upper  margin 
of  the  adductor  magnus  by  the  internal  circumflex  vessels.  The  muscle  is  not 
infrequently  fused  with  the  adductor  magnus. 
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The  Hamstring  Muscles. 

The  muscles  comprised  in  this  series  include  the  biceps,  semitendinosus  and 
semimembranosus.  A  part  of  the  adductor  magnus,  already  described,  also  belongs 
morphologically  to  this  group. 

The  biceps  flexor  croris  (m.  biceps  femoris)  has  a  double  origin.  (1)  Its  long 
head  arises  by  means  of  a  tendon,  in  common  with  the  semitendinosus,  from  the 
lower  and  inner  facet  upon  the  tuberosity  of  the  ischium  (Figs.  282,  p.  366,  and 
285,  p.  369)  and  from  the  great  sacro-sciatic  ligament.  This  head,  united  for  a 
distance  of  two  to  three  inches  with  the  semitendinosus,  forms  a  separate  fleshy 
mass,  which  extends  to  the  lower  third  of  the  thigh,  to  end  in  a  tendon  joined  by 
the  short  head  of  the  muscle.  (2)  2%e  short  head  arises  separately  by  fleshy  and 
tendinous  fibres  (1)  from  the  whole  length  of  the  outer  lip  of  the  linea  aspera  and 
the  upper  two-thirds  of  the  external  supra-condyloid  ridge  of  the  femur,  and  (2) 
from  the  external  intermuscular  septum  for  a  corresponding  extent.  The  upper 
limit  of  its  origin  is  sometimes  blended  with  the  insertion  of  the  lowest  fibres  of 
the  gluteus  maximus.  The  fibres  of  the  short  head,  directed  downwards,  join  the 
tendon  of  the  long  heiid,  and  the  muscle  is  inserted  (1)  into  the  head  of  the 
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til'ula  by  a  strODg  tendon,  which  ie  split  into  two  parts  by  the  long  external  lateral 
ligament  of  the  knee-joint ;  (2)  by  a  slip  attached  to  the  outer  tuberosity  of  the 
tibia  ;  and  (3)  along  its  posterior  border  by  a  fascial  expansion  which  connects  the 
tendon  with  the  popliteal  fascia. 

The  long  head  of  the  biceps  is  concealed  at  its  origin  by  the  gluteus  maxinius 
muscle.  In  the  lower  two-thirds  of  the  thigh  it  is  superficially  placed,  with  the 
BeniitendinoHus  and  semimembranosus  on  its  inner  side.  It  conceals  the  great 
sciatic  nerve,  the  origins  of  the  semimembranosus  and  quadratus  femoris,  the 
adductor  magnus,  and  the  short  head  of  the  muscle.     The  united  heads  assist  in 


I  (origin) 
•  (origii.) 

(oililli.) 
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forming  the  outer  boundary  of  the  popliteal  space,  and  partially  conceal  the  outer 
head  of  the  gastrocnemius. 

The  short  head  may  be  absent :  there  may  be  an  additional  origin  from  the 
ischium  or  femur;  and  the  long  head  may  send  a  slip  to  the  gastrocnemius  or 
tendo  Achillis  (t«nBor  fascise  saralia). 

The  senutendinosns  axiBes,  in  common  with  the  long  head  of  the  biceps,  from 
the  lower  and  inner  facet  upon  the  ischial  tuberosity  (Fig.  285,  p.  369).  Separat- 
ing from  the  common  tendon  after  a  course  of  two  or  three  inches,  the  muscle 
forma  a  long,  narrow  band  which  becomes  tendinous  in  the  middle  third  of  the 
thigh.  Passing  over  the  inner  side  of  the  knee  it  spreads  out  and  becomes 
membranous,  and  is  inserted  (1)  into  the  inner  side  of  the  shaft  of  the  tibia  just 
below  the  internal  tuberosity,  below  the  gracilis  and  behind  the  aartorius  (Fig, 
292,  p.  374),  and  (2)  into  the  fascia  lata  of  the  leg.  A  bursa  separates  it  from 
the  aartorius  in  front,  and  another,  common  to  it  and  the  gracilis,  lies  beneath  its 
insertion. 

The  origin  of  the  muscle  is  concealed  by  the  gluteus  maximus.  In  the  back 
of  the  thigh  it  is  superficial  to  the  semimembranosus ;  and  at  the  inner  side  of  the 
knee  the  tendon  lies  behind  that  of  the  gracilis,  and  also  l>ehind  the  sartorius.  It 
forma  one  of  the  inner  boundaries  of  the  pophteal  space.  The  belly  of  the  muscle 
is  marked  by  an  oblique  septal  tendinous  intersection  about  its  middle. 
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The  semimembranosas  arises  by  a  tendon  from  the  upper  and  outer  facet  on 
the  iBchial  tuberosity  (Figs.  282,  p.  366,  and  285,  p.  369).     In  the  upper  third 

of  the  thigh  the  tendon  gives  place 

to  a  rounded  lieshy  belly,  which, 
.imnis        becoming  tendinoua  at  the  back  of 

the  knee,  is  inserted  mainly  into 
nAios  the  horizontal  groove  on  the  back 
MB ASD  ^£  ^^^  inner  tuberosity  of  the 
iiTOH  tibia,  and  into  a  triangular  area 
"""  below  the  hinder  end  of  the  groove, 
Jis  and    above    the   insertion   of   the 

^^,„  popliteus  (Figs.  292,  p.  374.  and 
"«  299,  p.  383).     A  bursa  lies  lieneath 

•ciitic      the  tendon  at  ite  insertion.     It  has 

three  additional  membranovs  in- 
,  sertions  :  (1)  a  fascial  liand  extends 

downwards  and  inwards  to  join  the 

posterior    border   of    the   internal 

*■«  lateral  ligament  of  the  knee-joint ; 

ng  (2)   another   fascial  band  extends 

"I  downwards   and    outwards,    forms 

the   fascia  covering   the  popliteus 


muscle  (i>opliteuH  fascia),  nod  is  attiiched  to  the  oblique  Una  of  the  tibiu ;  and 
(3)  a  third  strong  baud  extends  upwards  and  outwards  to  the  back  of  the  external 
condyle  of  the  femur,  forming  tlie  posterior  ligament  of  the  knee-joint. 

The  tendon  of  origin  of  the  semimembraiiosus  is  concealed  by  the  gluteus 
maximus,  and  immediutely  beyond  the  ischium  it  is  grooved  by  the  common  origin 
of  the  long  head  of  the  biceps  and  semitendinosus.     In  the  hack  of  the  thigh  it  is 
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covered  by  the  semitendinosus,  and  lies  upon  the  adductor  magnus  and  great 
sciatic  nerve.  It  forms  part  of  the  inner  boundary  of  the  popliteal  space,  and 
conceals  the  popliteal  vessels.  Its  tendon  passes  over  the  inner  head  of  the 
gastrocnemius  on  its  way  to  its  insertion. 


Nerve-Supply  of  the  Muscles  op  the  Thigh  and  Buttock. 
The  innervation  of  the  musclea  described  above  is  given  in  the  following  table  : — 


Mniolei. 

NerveB. 

Origin. 

Pectineus 

N                                                                                                                                          [ 

L.2.  3. 

1         Sartorius. 

L.  2.  3. 

Iliacns     .... 

L  2,  3.  4. 

Psoas        .... 

L.  2.  3.  4. 

Quadriceps  extensor 

1  y  Anterior  crural               .        ^ 

L.  3.  4. 

Vastus  extemus 

■\ 

Rectus  femoris . 

II.  3.  4. 

Crureus    . 

Vastus  intemus 

1                                                                                             V. 

1-' 

J 

Tensor  fascise  femoris 

] 

■ 

Oluteus  minimus     . 

/■Superior  gluteal     . 

L.  4.  5.  S.  1. 

Gluteus  medius 

Gluteus  maximus 

1    Inferior  gluteal 

L.  5.  S.  1.  2. 

,         Biceps  (short  he^}  . 
1         Pyrilbrmis 

1    Peroneal         .... 

L.  6.  S.  1.  2. 

Sacral  plexus 

S.  1.  2. 

Adductor  longus 

'l                          1 

y  Obturator       .        .        .         - 

L.  2.  3. 

Gracilis    . 
Adductor  brevis 

L.  2.  3.  4. 
L.  3.  4. 

Obturator  extemus  . 

J                                                     l|     L.  3.  4. 

Adductor  magnus    . 

r  Obturator       .... 
\  Nerve  to  hamstrings 

L.  3.4. 

L.  4.  5.  S.  1. 

Semimembranosus  . 

)►  Nerve  to  hamstrings 

L.  4.  5.  S.  1. 

Semitendinosus 

L.  5.  S.  1.  2. 

Biceps  (long  head)   . 

J                         I 

S.  1.  2.  3. 

Quadratus    femoris    and     inferior 

1                         j 

^  Sacral  plexus 

L.  4.  6.  S.  1. 

gemellus 
Superior  gemellus    and   obturator 

S.  1.  2.  3. 

intemus 

Action  of  the  Muscles  op  the  Thigh  and  Buttock. 

Most  of  the  above  muscles  act  on  the  pelvis  and  on  the  hip-  and  knee-joints.  The  psoas 
mm«cle  in  addition  assists  in  the  movements  of  the  vertebral  column  (p.  398). 

1.  Movements  at  the  Hip- Joint. — The  movements  of  the  thigh  at  the  hip-joint  are  flexion 
and  extension,  adduction  and  abduction,  internal  and  external  rotation.  The  following  table 
gives  the  muscles  producing  these  movements : — 


a.  Flexion 


and 


Sartorius 

Iliacus 

Psoas 

Rectus  femoris 

Pectineus 

Adductor  longus 

Gracilis 

Obturator  externus 


27  6 


EztenBion. 


» 


»> 


Gluteus  maximus 
medius 
minimus 
Biceps 

Semitendinosus 
Semimembranosus 
Adductor  magnus 
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b.  Addaction      and 

Abduction. 

Pectineiis 

Tensor  fasciae  femoris 

Adductor  longus 

Gluteus  medius 

„         brevis 

Gluteus  minimus 

„        luagnus 

Obturator  externus 

Gracilis 

Pyriformis                ^ 

QuadratuB  femoris 

Obturator  intemus 

Gluteus  maximus 

Gemelli 

during 

(lower  fibres) 

Sartorius 
Gluteus  maximus 

flexion 

(upper  fibres) 

e.  Internal  Rotation      and 

External  Rotation. 

Tensor  fascisB  femorie 

Obturator  externus 

Gluteus  medius  (anterior  fibres) 

Gluteus  maximus  (lower  fibres) 

„        niimmus      „          „ 

Quadratus  femoris 
Gluteus  medius      1  (posterior 
„       minimus  /fibres) 

Pyriformis                 ]  j„«in^ 
Obturator  intemus    ■  ^.^„f.  ^ 
Gemelli                    /extension 

Sartorius 

Ilio-poas 

Pectineus 

Adductor  longus 

„        brevis 

„        magnus 

Biceps  flexor  cruris 

2.  Movements  of  the  Pelvis  on  the  Thigh. — It  is  to  be  noted  that  the  several  mov^enienu 
tabulated  above  refer  to  the  movements  of  the  femur  at  the  hip-joint  The  contraction  of  the 
same  groups  of  muscles  produces  similar  movements  of  the  pelvis  on  the  femur,  exemplified  in 
the  various  changes  in  the  attitude  of  the  pelvis  in  relation  to  the  thigh  and  the  vertebral 
column,  which  occur  in  locomotion. 

3.  Movements  at  the  Knee- Joint. — The  movements  at  the  knee-joint  are  mainly  flexion 
and  extension.  Flexion  is  much  more  powerful  than  extension.  There  is  also  a  limited  amount 
of  rotation  of  the  tibia.  The  movements  are  produced  by  certain  of  the  muscles  described  above, 
associated  with  certain  of  the  muscles  of  the  leg. 


a.  Flexion      and      Extension. 


Sartorius 

Gracilis 

Semitendinosus 

Semimembranosus 

Biceps 

Gsfitrocnemius 

Plantaris 

Popliteus 


Quadriceps  extensor 


b.  Rotation  inwards  and  Rotation  ontwards. 

Sartorius  Biceps  flexor  cruris 

Gracilis 

Semitendinosus 

Sem  imembrauosus 

Popliteus 


THE  FASCIA  AND  MUSCLES  OF  THE  LEG  AND  FOOT. 


FASCLE. 

The  superficial  fascia  of  the  leg  presents  no  special  features  except  in  the 
sole,  where  it  is  greatly  thickened  by  pads  of  fat,  particularly  under  the  tuberosity 
of  the  OS  calcis,  and  under  the  balls  of  the  toes.  It  is  closely  adherent  to  the 
plantar  fascia,  especially  at  the  roots  of  the  toes. 

The  deep  fascia  has  numerous  important  attachments  about  the  knee. 
Posteriorly  it  forms  the  popliteal  fascia,  and  is  joined  by  expansions  from  the 
tendons  of  the  sartorius,  gracilis,  semitendinosus,  and  biceps  muscles.  In  front  of 
the  knee  it  is  attached  to  the  patella,  the  ligamentum  patellae,  and  the  tubercle  of 
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the  tibia ;  laterally  it  is  conneoted  to  the  tuberoeitiee  of  the  tibia  and  the  head  of 
the  tibula,  and  forma  the  lateral  patellar  ligaments,  broad  fascial  banda  which  pass 
obliquely  from  the  aidesof  the  patella  to  the  tuberoaitiea  of  the  tibia,  and  arts  joined 
by  fibres  of  the  vasti  muaclea.  Passing  down  the  leg,  the  fascia  blenda  over  the 
inner  surface  of  the  tibia  with  the  periosteum  of  the  bone.  It  extends  round 
the  outer  side  of  the  leg  from  the  anterior  to  the  internal  border  of  the  tibia, 
binding  together  and  giving  origin  to  the  muscles,  aad  gaining  an  attachment  to 
the  lower  purt  of  the  shaft  of  the  fibula.  Two  septa  pass  from  its  deep  surface ; 
one  septum,  attached  to  the  anterior  border  of  the  fibula,  encloses  the  musculo- 
cutaneous nerve,  and  separates  the  extensor  from  the  peronei  muacles.  The  other 
septum  is  attached  to  the  posterior  border  of  the  fibula,  and  separates  the  i)eronei 
from  the  flexor  musclea  From  the  last-named  septum  another  extends  across  the 
back  of  the  leg,  forma  a  partition  between  tlie  superficial  and  deep  flexor  muacles, 
and  encloses  the  posterior  tibial  vessels  and  nerves.  It  givea  rise  to  a  subordinate 
septum  attached  to  the  vertical  line  of  the  tibia  and  the  oblique  line  of  the  fibula, 
which  separate  the  tunant 

tibialis  posticus  ""^ 

muscle  from  the 
flexors  of  the  toes 
oa  either  side,  ^"^ 

At  the  ankle 
the  deep  fascia  is 
strengthened  by 
additional     trans-        utnigiia 

verse  fibres;   it  la  ""'■' 

attached  to  the  , 

malleoli  and  the  os  p^^^ 

calcis,    and    gives  itnfn 

rise  to  the  anniiUr    ei"™'™' 


The  internal 
annular  ligament 
stretches  between 
the  internal  mal- 
leolus and  the 
tuberoeity  of  the 

OS  calcia      While    *■"■■  293 -Cobomal  Sbct 
it  is  continuouB  at 

its  upper  border  with  the  general  investment  of  the  deep  fascia  of  the  leg,  it  is 
chiefly  formed  by  the  septal  layer  covering  the  deep  muscles  on  the  back  of  the 
leg.  It  sometimes  givea  insertion  to  the  plantaris  muscle.  It  is  continuous  below 
with  the  plantar  fascia,  and  gives  origin  to  the  abductor  hallucis  muscle  It  is 
pierced  by  the  calcanean  vessels  and  nerve.  Along  with  the  posterior  tibial  vessels 
and  nerve,  the  tendons  of  the  tibialis  posticus,  flexor  longus  digitorum,  and  flexor 
longus  hallucis,  pass  beneath  it,  each  enclosed  in  a  separate  synovial  sheath. 

The  external  nnnniar  ligament,  much  smaller,  is  a  thickened  band  of  the 
deep  fascia  stretching  between  the  external  malleolus  and  the  os  calcis.  It  binds 
down  the  tendons  of  the  peronei,  which  occupy  a  space  beneath  the  ligament,  lined 
by  a  single  synovial  membrane. 

The  anterior  annular  ligament  is  in  two  parts.  An  upper  band,  broad  and 
undefined  at  its  upper  and  lower  borders,  stretches  across  the  front  of  the  ankle 
Iietween  the  two  malleoli.  This  band  binds  down  to  the  lower  end  of  the  tibia 
the  tendons  of  the  tibialis  auticus  and  extensor  muscles  of  the  toes.  One  synovial 
sheath  is  found  beneath  it,  surrounding  the  tendon  of  the  tibialis  anticus. 

On  the  dorsum  of  the  foot,  where  the  general  covering  of  deep  fascia  is  much 
thinner,  a  special  well-defined  band  stretches  over  the  extensor  tendons.  This 
lover  baud  of  the  anterior  annular  ligament  (fundiform  or  lambdoid  ligiiment)  has 
an  attachment  externally  to  the  outer  border  of  the  greater  process  of  the  os  calcis. 
It  divides  into  two  bands  as  it  passes  inwurds  over  the  dorsum  of  the  foot — an 


368  THE  MUSCULAR  SYSTEM. 

end  in  a  atoub  tendon  which,  after  passing  below  and  behind  the  hip- joint,  is  ii 

into  the  digital  foosa  of 
the  great  trochanter  (Figs. 
286,p.  370,aud  289,p.371) 
The  inferior  surface  of 
the  muscle  ib  in  contact 

*""'  |KT.i.»u,.    ^jj^    j.j^g    pectineuB,   ad- 

■XTEHBU*    ductor     brevia,    and    ad- 
FEunHis     ductor    magnus    muscles, 
separated   from   them   by 
the     internal     circumflex 
*™'-'  ""■!-'•        vessels.    The  superior  sur- 

face is  in  relation  Xu 
the  obturator  membrane 
and  the  ueck  of  the 
femur.  The  tendon  lies 
below  and  behind  the 
capsule  of  the  hip-joint, 
and  near  its  insertion 
appears  in  the  buttock 
(iiuder  cover  of  the 
gluteus  maximus)  be  - 
tween  the  inferior  gemel- 
id)  lus  and  quadratus  femoris 

muscles. 

Popl 

J,  THE  MUSCLES  OF   THE 

BUTTOCK. 

This    group    includes 

the  three  glutei  muscles, 

the  tensor  fascia  femoris, 

(ouwc         pyriformis,   obturator   in- 

Bui  ternus  and    gemelli,  and 

Sunn  quadratus  femoris. 

The  fflnteiu  maximns 

is    a    large    quadrilateral 

muscle,  with  a  cresoeDtic 

orisin,  from  (1)  a  portion  of 

the  area  on  the  dorsum  ilii 

above  the  superior  curved 

line  (Fig.  285.  p.  369) ;  (2) 

the  tendon  of  the  erector 

spinse ;    (3)  the   posterior 

"  ''•""«  C-ixrfloui         gyjf^gg  Qj.  the  sacrum  and 

coccyx      {Fig.      311,     p 

396);   and   (4)   the   posterior  surface  of  the  great  sacro-sciatic  lament.      The 

fibres  which   I'orra   ita  upper   and   outer   border   take  origin   directly   from   the 

fascia   lata   which    envelopes    the  muscle      The   muscle    forms  a    lai^e   tJesbv 

mass,   whose   fibres  are   directed    oblTquely  outwards  over  the  buttock,  invested 

by  the  fascia  lata,  and  are  inserted  by  short  tendinous  fibres,  partly  into  the  fascia 

lata  over  the  great  trochanter  of   the  femur  (joining  the   ilio-tibial   band),  and 

partly  into  the  gluteal  ridge  (Fig.  286,  p.  370).       The   fascia  lata   receives  the 

insertion  of  the  whole  of  the  superficial  fibres  of  the  muscle  and  the  upper  half 

of  the  deep  fibres.     The  lower  half  of  the  deep  portion  of  the  muscle  is  inserted  for 

the  most  part  into  the  gluteal  ridge ;  but  the  lowest  fibres  of  all  are  inserted  into 

fascia  lata,  and  are  thereby  connected  with  the  external  intermuscular  septum  and 

^he  origin  of  the  short  head  of  the  biceps. 

The  gluteus  maximus  is  the  coarsest  and  heaviest  muscle  in  the  body.     By  its 
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weight  it  helps  to  form  the  fold  of  the  nates.  It  is  superficial  in  iba  whole  extent. 
The  gluteus  medius  is  visible  at  its  upper  border,  covered  by  the  fascia  lata ;  at  its 
lower  border  the  hamstring  musclea  and  great  aciatic  nerve  appear  on  their  way 
down  the  thigh.  The  muscle  conceals  the  bones  from  which  it  arises,  along  with 
the  great  sciatic  ligament,  the  ischial  tuberosity,  and  the  great  trochanter  of  the 
femur.  It  also  conceals  the  gluteus  medius  and  pyriformis,  with  a  branch  of  the 
glut«al  artery  between  them  ;  the  obturator  internus  and  gemelli,  with  the  sciatic 
vessels  and  nerves,  the  pudic  vessels  and  nerve,  and  the  muscular  branches  of  the 
sacral  plexus  above' them,  and  the  obturator  exteruus  and  a  branch  of  the  internal 
circumflex  artery  below  them ;  the  quadratus  femoria  and  upper  part  of  the 
adductor  maj^ius  muscles,  with  the  internal  circumflex  vessels  between  them.  It 
covers  the  origins  of  the  hamstring  muscles,  and  by  its  insertion  into  the  fascia  lata, 


.(ortgin) 

(OllgiD) 


Fio.  285.— McBCLx- Attach uBNTa  to  the  Dorsdii  Iui  mo  Tdbkr  Iiscau. 

the  vastus  externus.  The  first  perforating  artery  pierces  the  attachment  of  the 
muscle  to  the  gluteal  ridge.  Three  bursas  are  beneath  it :  one  (not  always  present) 
over  the  tuberosity  of  the  ischium,  a  second  over  the  outer  side  of  the  great 
trochanter,  and  a  third  over  the  vastus  externus.  The  fibres  of  the  gluteus 
maximus  arising  from  the  coccyx  may  form  a  separate  muscle  (agitator  caods). 

The  tensor  faacise  femoris  (m.  tensor  fascise  latae),  lying  on  the  same  plane  as 
the  gluteus  maximus,  arises  from  the  iliac  crest  and  the  dorsum  ilii  just  external  to 
the  anterior  auperior  spine,  and  from  the  fascia  covering  its  outer  surface  (Fig, 
285,  p.  369).  Invested  like  the  gluteus  maximus  by  the  fascia  lata,  it  is  Inserted 
about  the  level  of  the  great  trochanter  of  the  femur  into  the  fascia,  which  forms  the 
ilio-tibial  band  (p.  357). 

The  tensor  fasciae  femoris  muscle  is  superficially  placed,  and  is  enclosed  in  a 
strong  investment  of  the  fascia  lata,  the  deeper  layer  of  which  is  prolonged  up  to  join 
the  tendon  of  the  rectus  femoris  and  the  capsule  of  the  hip-joint.  The  muscle  is 
placed  along  the  anterior  borders  of  the  gluteus  medius  and  gluteus  minimus,  and 
conceals  branches  of  the  gluteal  and  external  circumflex  vessels  and  the  termination 
of  the  superior  gluteal  nerve.  The  sartorius  muscle  ia  adjacent  to  it  anteriorly  at 
27 
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ita  origin,  and  is  separated  from  it 
below  by  the  rectus  femoris. 

The  glateus  medius  ajises  ^^^^ 
by  fleshy  and  tendinous  fibres  "  (in 
(1)  from  the  dorsum  ilii,  between 
the  iliac  crest  and  tlie  superior 
curved  line  above  and  the  middle 
curved  line  below  (Fig.  285, 
p.  369),  and  (2)  from  the  strong 
fascia  lata  covering  its  surface 
anteriorly.  It  is  a  fan-shaped 
muscle,  it8  fibres  converging  to 
the  great  trochanter,  to  be  in- 
serted by  a  strong,  short  tendon 
into  the  postero- superior  angle 
of  the  trochanter,  and  into  a  well- 
marked  diagonal  line  on  its  outer  ^.^^^^ 
surface  (Figs.  286,  p.  370,  277, 
p.  361,  and  289,  p.  371).  wiu 

The  muscle  is  covered  along 
its  anterior  border  by  the  tensor 
fasciEe    femoris.     Its    surface    is 
covered   over  by  the   fascia  lata 
and   the  gluteus  maximus.     Its 
inferior  border  is  separated  from  the  j 
muscle  by  the  superficial  branch  of  th 
artery.      Its   deep   surface    is    in    con  I 
the    gluteus    minimus,   the   gluteal   ve: 
superior  gluteal  nerve,  and  the  inserti* 
pyrifonnis  muscle.     A   bursa  is  placed 


Fic,  286.— Mi-scLS-,* 

THE    PoHTimoH   Aspect   of 
Uppeb  Part  of  the  Fiiift. 


FlQ.  287.— The  Guikl-s  Maxdics  Mdhcle. 


the  t«ndon  at  its  insertion. 
The  glnteoB  mlnimiu 
arises  by  fleshy  fibres  from 
the  dorsum  illl  between 
the  middle  and  inferior 
curved  lines  (Fig.  285, 
p.  369>  This  muscle  is 
fan-shaped  and  its  fibres 
converge  to  the  antero- 
superior  angle  of  the 
great  trochanter,  to  be 
inserted  into  the  anterior 
surface  of  the  trochanter, 
and  sometimes  also  int« 
the  front  part  of  the 
upper  border  (Figs.  277, 
p.  361,  and  289,  p.  371;. 
It  is  also  inserted  into  the 
capsule  of  the  hip-joint. 
The  muscle  is  concealed 
by  the  tensor  fascia- 
femoris  and  gluleui; 
medius.  The  pyriformis 
is  in  contact  with  its  in- 
ferior border,  and  beneath 
it  are  the  capsule  of  the 
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hip-joint  and   the  reflected  tendon   of  the  rectus  femoris  muscle.      A   buisa  is 

placed  beneath  the  tendun  in  front  of  the  great  trochanter. 

The  pyriformis  is  one  of  the  few  muBclea  connecting  the  lower  limb  to  the 

axial    skeleton.       It 

uiMs  (1)  within  the 

pelvis     from     the 

pedicles  of  the  second , 

third,     and      fourth 

sacral   vertebrae,  and 

from     the     adjacent  iDuve 

part  of  the  bone  ex- 
ternal to  the  anterior  'a  (cut) 

sacral  foramina ;  pass-  '  ""^ 

ing  outwards  through 

the  great  eacro-eciatic  iwrmNn. 

foramen,   it   receives   ,„j^^|  ''uTEwini 

an    origin    (2)   from     "n*™ 

the  upper  margin  of  reuonw 

the    great    sciatic  c  mm 

notch  of  the   ilium,  '■'""'' 

and     (3)    from     the  "^  "*"* 

pelvic  surface  of  the 

great      sacro  -  sciatic  ^ 

ligament.       In     the        u,,  „ 

buttock  it    forms  a 

rounded      tendon, 

which  is  inserted  into 

a  facet  on  the  upper 

border   and    inner 

aspect   of   the   great 

trochanter    of   the  ^'"^  288.-Thi  Miscles  and  serves  of  the  Bonoct 

femur,      partly      SUr-    '^"  gluleus  raBiimus  is  reflected  ;  and  the  gluteus  meiiini  i«  cat  Id  part  to  show 

rounding    the   inser-  ^  * "  '"  '"■"""'"■ 

tion  of  the  obturator  internus  (Figs.  2S6.  p.  370,  277,  p.  361,  and  289,  p.  371). 
The  pyriformis,  besides  appearing  in  the  buttock,  fines  the  posterior  wall  of  the 

pelvis.     In  the  pelvis  it  lies  behind  the  rectum,  covered  by  a  thin  layer  of  the 

parietal  pelvic  fascia.     In  the  buttock  it  is  covered  by  the  gluteus  maximus,  and 

at  its  insertion  by  the 
obto  gluteus    medius,    and 

QiB,^  it  lies  upon  the  ilium 

and    the     capsule    of 

^^Sta  the  hip-joint.     At  its 

upper  border  are  the 
gluteus  medius  and 
gluteus  minimus,  sepa- 
rated by  the  superior 
gluteal  nerve  and  the 
gluteal  artery ;  its 
lower  border  is  separ- 
.,     ...  atfld  from  the  gemelli 

and  obturator  intemUB 
byan  interval  in  which 
the  sciatic   and  pudic 

vessels  and  the  nerves  of  the  sacral  plexus  appear.     The  anterior  fibres  of  the 

muscle  may  be  separate. 

The  obturator  internna  arises  by  Qeshy  fibi-es  on  the  pelvic  aspect  of  the  hip 

bone,  (1)  from  the  whole  of  the  margin  of  the  thyroid  foramen  (except  the  obturator 

notch,  and  a  portion  posteriorly  opposite  the  small  sciatic  notch);  (2)  from  the 

surface  of  the  obturator  membrane;  (3)  from  the  whole  of  the  pelvic  surface  of 
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the  hip  bone  behind  and  above  the  thyroid  foramen ;  and  (4)  slightly  from  the 
parietal  pelvic  fascia  covering  it  internally.  It  is  a  fan-shaped  muscle,  and  its 
fibres  converging  to  the  lesser  sacro-sciatic  foramen,  give  rise  to  several  tendons 
which  hook  round  the  margin  of  the  foramen  (a  bursa  intervening),  and  after 
traversing  the  buttock,  unite  together  to  be  inserted  into  a  facet  on  the  inner 
surface  of  the  great  trochanter  of  the  femur  above  the  digital  fossa  (Figs.  286,  p. 
370,  and  289,  p.  371). 

In  the  pelvis  the  muscle  occupies  the  lateral  wall,  covered  by  the  parietal 
(obturator)  layer  of  pelvic  fascia,  which  separates  it  from  the  pelvic  cavity  above 
and  the  ischio-rectal  fossa  below.  It  is  separated  from  the  contents  of  the  pelvis, 
above  by  the  peritoneum  and  extra-peritoneal  fat,  below  by  the  fat  in  the  ischio- 
rectal fossa.  The  internal  pudic  vessels  and  nerve  cross  it  in  the  outer  wall  of  the 
fossa  in  a  special  sheath  of  the  fascia.  In  the  buttock  the  tendon  is  embraced  by 
the  gemelli  muscles  which  are  attached  to  its  upper  and  lower  margins.  The  tendon 
is  crossed  by  the  sciatic  vessels  and  nerves,  and  lies  against  the  upper  and  back  part 
of  the  capsule  of  the  hip-joint. 

The  gemelli  muscles  form  accessory  portions  of  the  obturator  intemua  They 
are  two  in  number,  superior  and  inferior,  and  are  wholly  composed  of  fleshy  fibres. 

The  superior  gemellus  arises  from  the  gluteal  surface  of  the  ischial  spine  and 
from  the  upper  part  of  the  margin  of  the  lesser  sciatic  notch  (Fig.  285,  p.  369). 
It  is  inserted  into  the  upper  margin  and  superficial  surface  of  the  tendon  of  the 
obturator  internus  muscle. 

The  gemellus  inferior  arises  from  the  upper  part  of  the  gluteal  surface  of  the 
ischial  tuberosity  and  the  lower  part  of  the  margin  of  the  lesser  sciatic  notch 
(Fig.  285,  p.  369).  It  is  inserted  into  the  lower  margin  and  superficial  aspect 
of  the  tendon  of  the  obturator  internus. 

The  quadratus  femoris  arises  from  the  outer  margin  of  the  ischial  tuberosity 
(Figa  282,  p.  366,  and  285,  p.  369),  and  is  inserted  into  the  quadrate  tubercle 
and  quadrate  line  of  the  femur  (Fig.  286,  p.  370).  The  muscle  is  placed  beneath 
the  gluteus  maxim  us,  and  is  crossed  by  the  sciatic  vessels  and  nerves.  Its  origin 
is  concealed  by  the  hamstring  muscles.  Its  deep  surface  is  in  contact  with  the 
obturator  extemus  muscle  and  the  small  trochanter  of  the  femur,  a  bursa  inter- 
vening. Its  upper  border  is  separated  from  the  inferior  gemellus  by  an  interval, 
containing  the  tendon  of  the  obturator  extemus  and  the  ascending  branch  of  the 
internal  circumflex  artery.  Its  lower  border  is  separated  from  the  upper  margin 
of  the  adductor  magnus  by  the  internal  circumflex  vessels.  The  muscle  is  not 
infrequently  fused  with  the  adductor  magnus. 


THE  MUSCLES  ON  THE  BACK  OF  THE  THIGH, 

The  Hamstring  Muscles. 

The  muscles  comprised  in  this  series  include  the  biceps,  semitendinosus  and 
semimembranosus.  A  {)art  of  the  adductor  magnus,  already  described,  also  belongs 
morphologically  to  this  group. 

The  biceps  flexor  cruris  (m.  biceps  femoris)  has  a  double  origin.  (1)  Its  long 
head  arises  by  means  of  a  tendon,  in  common  with  the  semitendinosus,  from  the 
lower  and  inner  facet  upon  the  tuberosity  of  the  ischium  (Figs.  282,  p.  366,  and 
285,  p.  369)  and  from  the  great  sacro-sciatic  ligament.  This  head,  united  for  a 
distance  of  two  to  three  inches  with  the  semitendinosus,  forms  a  separate  fleshy 
mass,  which  extends  to  the  lower  third  of  the  thigh,  to  end  in  a  tendon  joined  by 
the  short  head  of  the  muscle.  (2)  2'he  short  head  arises  separately  by  fleshy  and 
tendinous  fibres  (1)  from  the  whole  length  of  the  outer  lip  of  the  linea  aspera  and 
the  upper  two-thirds  of  the  external  supra-condyloid  ridge  of  the  femur,  and  (2) 
from  the  external  intermuscular  septum  for  a  corresponding  extent.  The  upper 
limit  of  its  origin  is  sometimes  blended  with  the  insertion  of  the  lowest  fibres  of 
the  gluteus  maximus.  The  fibres  of  the  short  head,  directed  downwards,  join  the 
tendon  of  the  long  head,  and  the  muscle  is  inserted  (1)  into  the  head  of  the 
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fibula  by  a  strong  tendon,  which  ie  eplit  inlo  two  parts  by  the  long  external  lateral 
litiamen't  of  the  knee-joint ;  (2)  by  a  slip  attached  to  the  outer  tuberosity  of  the 
tibia ;  and  (3)  along  its  posterior  border  by  a  fascial  expansion  which  connects  the 
tendon  with  the  popliteal  faBcia, 

The  long  head  of  the  biceps  is  concealed  at  its  origin  by  the  gluteus  maximus 
muacle.  In  the  lower  two-thirds  of  the  thigh  it  ia  superficially  placed,  with  the 
Benuteodinosus  and  semimembranosus  on  its  inner  side.  It  conceals  the  great 
sciatic  nerve,  the  origins  of  the  semimembranosus  and  quadratue  femoria,  the 
adductor  magnua,  and  the  short  head  of  the  muscle.     The  united  heads  assist  in 


Fw.  2W.— Me scLi- Attach  11 ENTB  to  the  Dorsi-h  Ilii  and  Tubeh  Imhii. 

forming  the  outer  boundary  of  the  popliteal  space,  and  partially  conceal  the  outer 
head  of  the  gastrocnemius. 

The  short  head  may  be  absent :  there  may  be  an  additional  origin  from  the 
ischium  or  femur;  and  the  long  head  may  send  a  slip  to  the  gastrocnemius  or 
teudo  Achillis  (tensor  fascis  snialiB). 

The  semitendtnosnB  ariMS,  in  common  with  the  long  head  of  the  biceps,  from 
the  lower  and  inner  facet  upon  the  ischial  tuberosity  (Fig.  285,  p.  369).  Separat- 
ing from  the  common  tendon  after  a  course  of  two  or  three  inches,  the  muscle 
forms  a  long,  narrow  band  which  becomes  tendinous  in  the  middle  third  of  the 
thigh.  Passing  over  the  inner  side  of  the  knee  it  spreads  out  and  becomes 
membranous,  and  is  inserted  (1)  into  the  inner  side  of  the  shaft  of  the  tibia  just 
below  the  internal  tuberosity,  helow  the  gracilis  and  behind  the  sartorius  (Fig. 
2i>2,  p.  374),  and  (2)  into  the  fascia  lata  of  the  leg.  A  bursa  separates  it  from 
the  sartorius  in  front,  and  another,  common  to  it  and  the  gracilis,  lies  beneath  its 
insertion. 

The  origin  of  the  muscle  is  concealed  by  the  gluteus  maximus.  In  the  back 
of  the  thigh  it  is  superficial  to  the  semimembranosus ;  and  at  the  inner  side  of  the 
koee  the  tendon  lies  behind  that  of  the  gracilis,  and  also  l)ehiiid  the  sartorius.  It 
forma  one  of  the  inner  boundaries  of  the  popUteal  space.  The  belly  of  the  muscle 
is  marked  by  an  oblique  septal  tendinous  intersection  about  its  middle. 
27  a 
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The  semimembranoans  ftrises  by  a  tendon  from  the  upper  and  outer  facet  on 
the  ischial  tuberoeity  (Figs.  282,  p.  366,  and  285,  p.  369).  In  the  upper  third 
of  the  thigh  the  teudou  gives  place 
to  a  rounded  fleshy  beUy,  which, 
becoming  teudinous  at  the  Itack  of 
the  knee,  ia  inaerted  mainly  into 
the  horizontal  groove  on  the  back 
of  the  inner  tuberosity  of  the 
tibia,  and  into  a  triangular  area 
below  the  hinder  end  of  the  groove, 
and  above  the  insertion  of  the 
popliteus  (Figs.  292,  p.  374,  and 
299,  p.  383).  A  bursa  lies  beneath 
:  the  tendon  at  its  insertion.  Ilhas 
three  additional  memirranons  ia- 
Sfrtions  :  (1)  a  fascial  l)and  eitends 
downwards  and  inwards  to  join  l\\v 
posterior  border  of  the  internal 
lateral  ligament  of  the  knee-joiut: 
(2)  another  fascial  band  extends 
downwards  and  outwards,  forms 
the   fascia  covering   the  popliteus 


muMcte  (|«)pliteus  fiiMcia).  and  is  attached  to  the  oblique  line  of  the  tibiii ;  and 
(3)  a  third  strong  biiud  extends  upwards  and  outwards  to  the  back  of  the  external 
condyle  of  the  femur,  forming  the  posterior  ligament  of  the  knee-joint. 

The  tendon  of  origin  ui  the  serniniembrauoHUS  is  ciuicealed  by  the  gluteus 
maximus,  and  immediately  lx;yuiid  the  ischium  it  is  grooved  by  the  common  origin 
of  the  long  head  of  the  bicep-t  and  semitendinosus.     In  the  back  of  the  thigh  it  is 
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covered  by  the  semitendinosus,  and  lies  upon  the  adductor  magnus  and  great 
sciatic  nerve.  It  forms  part  of  the  inner  boundary  of  the  popliteal  space,  and 
conceals  the  popliteal  vessels.  Its  tendon  passes  over  the  inner  head  of  the 
gastrocnemius  on  its  way  to  its  insertion. 


Nerve-Supply  op  the  Muscles  op  the  Thigh  and  Buttock. 
The  innervation  of  the  muscles  described  above  is  given  in  the  following  table  : — 


Mnscles. 

Nerves. 

Origin. 

Pectineus 

>                                              r 

L.2.  3. 

Sartoriiifl. 

L.  2.  3. 

Iliacus     .... 

L  2.  3.  4. 

Psoas       .... 

1 

L.  2.  3.  4. 

Quadriceps  extensor 

y  Anterior  crural       .        .        ^ 

L.  3.  4. 

Vastus  extemus 

1 

1 

^ 

Rectus  femoris . 
Crureus    . 

II.  3.  4. 

Vastus  intemus 

J                                                    ^ 

J 

Tensor  fasciae  femoris 

' 

« 

Gluteus  minimus     . 

r  Superior  gluteal     . 

1     4 

L.  4.  6.  S.  1. 

Gluteus  medius 

Gluteus  maximus 

1    Inferior  gluteal 

L.  5.  S.  1.  2. 

Bice^  (short  head)  . 

Peroneal         .... 

L.  5.  S.  1.  2. 

Pyrilormis 

Sacral  plexus 

S.  1.  2. 

Adductor  longus 

\                                                  ( 

L.  2.3. 

Gracilis    .... 
Adductor  brevis 

Obturator       .        .        .         -j 

L.  2.  3.  4. 
L.3.  4. 

Obturator  extemus  . 

I 

L.  3.  4. 

Adductor  magnus    . 

r  Obturator       .... 
\  Nerve  to  hamstrings 

L.  3.4. 

L.  4.  5.  S.  1. 

Semimembranosus  . 

]                                                    ( 

L.  4.  6.  S.  I. 

1         Semitendinosus 

-Nerve  to  hamstrings 

L.  5.  S.  1.  2. 

Biceps  (long  head)   . 
Quaaratus    femoris    and    in 

ferior 

I                          1 

>  Sacral  plexus        .        .          ^ 

S.  1.  2.  3. 
L.  4.  5.  S.  1. 

gemellus 
Superior  gemellus    and   obtiurator 

S.  1.  2.  3. 

intemus 

1 

Action  of  the  Muscles  op  the  Thigh  and  Buttock. 

Most  of  the  above  muscles  act  on  the  pelvis  and  on  the  hip-  and  knee-joints.  The  psoas 
muscle  in  addition  assists  in  the  movements  of  the  vertebral  column  (p.  398). 

1.  Movements  at  the  Hip-Joint. — The  movements  of  the  thigh  at  the  hip-joint  are  flexion 
and  extension,  adduction  and  abduction,  internal  and  external  rotation.  The  following  table 
gives  the  muscles  producing  these  movements : — 


a.  Flexion 


and 


Extenflion. 


Sartorius 

Iliacus 

Psoas 

Rectus  femoris 

Pectineus 

Adductor  longus 

Gracilis 

Obturator  externum 


27  6 


Gluteus  maximus 
medius 
minimus 
Biceps 

Semitendinosus 
Semimembranosus 
Adductor  magnus 


376 


THE  MUSCULAR  SYSTEM. 


b.  Addaction      and      Abduction. 

Pectineiis 

Tensor  fasciae  femoris 

Adductor  longiis 

Gluteus  medius 

1                „        brevis 

Gluteus  minimus 

„        magiius 

Obturator  extemus 

Gracilis 

Pyriformis 
Obturator  intemus 

Quadratus  femoris 

Qluteus  maximus 

Gemelli 

during 

(lower  fibres) 

Sartoriufl 
Gluteus  maximus 

flexion 

(upper  fibres) 

—     

e.  Internal  Rotation      and      Eztamal  Rotation. 

Tensor  ftisciae  femoris 

Obturator  extexnus 

Gluteus  niedius  (anterior  fibres) 

Gluteus  maximus  (lower  fibres) 

„        minimus      „          „ 

Quadratus  femoris 

Gluteus  medius      |  (posterior 
„       minimus  /fibres) 

Pyriformis 
Obturator  internus 
Gemelli 

during 
extension 

Sartorius 

Ilio-psoas 

Pectmeus 

Adductor  longus 

„        brevis 

„        magnus 

Biceps  flexor  cruris 

2.  MoTements  of  the  Pelvis  on  the  Thigh. — It  is  to  be  noted  that  the  several  movenientd 
tabulated  above  refer  to  the  movements  of  the  femur  at  the  hip-ioint  The  contraction  of  the 
same  groups  of  muscles  produces  similar  movements  of  the  pelvis  on  the  femur,  exemplified  in 
the  various  changes  in  the  attitude  of  the  pelvis  in  relation  to  the  thigh  and  the  vertebral 
column,  which  occur  in  locomotion. 

3.  Movements  at  the  Knee-Joint. — The  movements  at  the  knee-joint  are  mainly  flexion 
and  extension.  Flexion  is  much  more  powerful  than  extension.  There  is  also  a  limited  amount 
of  rotation  of  the  tibia.  The  movements  are  produced  by  certain  of  the  muscles  described  above, 
associated  with  certain  of  the  muscles  of  the  leg. 


a.  Flexion      and      Extension. 


Sartorius 

Gracilis 

Semitendinosus 

Semimembranosus 

Biceps 

Gastrocnemius 

Plantaris 

Popliteus 


b.  Rotation  inwards  and  Rotation  outwards. 


Quadriceps  extensor        Sartorius 

Gracilis 
'     Semitendinosus 
Sem  imembranosus 
Popliteus 


Biceps  flexor  cruris 


THE  FASCIA  AND  MUSCLES  OF  THE  LEG  AND  FOOT. 


FASCLE. 

The  superficial  fascia  of  the  leg  presents  no  special  features  except  in  the 
sole,  where  it  is  greatly  thickened  by  pads  of  fat,  particularly  under  the  tuberosity 
of  the  08  calcis,  and  under  the  balls  of  the  toes.  It  is  closely  adherent  to  the 
plantar  fascia,  especially  at  the  roots  of  the  toes. 

The  deep  fascia  has  numerous  important  attachments  about  the  knee. 
Posteriorly  it  forms  the  popliteal  fascia,  and  is  joined  by  expansions  from  the 
tendons  of  the  sartorius,  gracilis,  semitendinosus,  and  biceps  muscles.  In  front  of 
the  knee  it  is  attached  to  the  patella,  the  ligamentum  patellse,  and  the  tubercle  of 


THE  FASCIA  AND  MUSCLES  OF  THE  LEG  AND  FOOT.        377 

ihe  tibia ;  laterally  it  is  connected  to  the  tuberosities  of  the  tibia  ard  the  head  of 
the  Hbula,  and  forms  the  lateral  patellar  ligaments,  broad  fascial  bands  which  pass 
obliquely  from  the  sides  of  the  patella  to  the  tuberosities  of  the  tibia,  and  are  Joined 
by  fibres  of  the  vasti  muscles.  Passing  down  the  leg,  the  fascia  blends  aver  the 
inner  surface  of  the  tibia  with  the  periosteum  of  the  bone.  It  extends  round 
the  outer  side  of  the  1^  from  the  anterior  to  the  internal  border  of  the  tibia, 
binding  together  and  giving  origin  to  the  muscles,  and  gaining  an  attachment  to 
the  lower  part  of  the  shaft  of  the  fibula.  Two  septa  pass  from  its  deep  surface ; 
one  septum,  attached  to  the  anterior  border  of  the  fibula,  encloses  the  musculo- 
cutaneous nerve,  and  separates  the  extensor  from  the  peronei  muscles.  The  other 
Beplum  is  attached  to  the  posterior  border  of  the  fibula,  and  separates  the  {leronei 
from  the  flexor  muscles.  From  the  last-named  septum  another  extends  across  the 
back  of  the  leg,  forms  a  partition  between  the  superficial  and  deep  tlexor  muscles, 
and  encloses  the  posterior  tibial  vessels  and  nerves.  It  gives  rise  to  a  subordinate 
septum  attached  to  the  vertical  line  of  the  tibia  aud  the  oblique  line  of  the  fibula, 
which  separate  the  ^msnt 

tibialis  posticus  '"Htar" 

muscle    from    the  '''" 

flexors  of  the  toes 
on  either  side.  Pi«aNii; 

At   the   ankle 
the  deep  fascia  is 

strengthened     by  ^1^.1^^ 

additional     trans-        utn(c>ioid  it| 

verse  fibres;   it  is  '""'■' 

attached  to  the  c»''  , 

malleoli  and  the  os  piromhtb 

ealcis,    and    gives  r»n«r)- 

rise  to  the  annular    E.ur™i Knnutar  |"lLi8 

licaments.  pium 

The  internal  "* 

annular  ligament         .  nerve 

stretches   between  iruiy 

the  internal  mal-  iDitoBUH 

leolus   and    the 
tuberosity  of  the 

OS     Calcia         While       ^"''   ^^^- — ^^0»AL  section   TBXOUaH   TKB  LEPT  ANELS-JOINT,    AaTKAOALOB, 

it  is  continuous  at  *"'•  Ca^^aneo-. 

its  upper  border  with  the  general  investment  of  the  deep  fascia  of  the  leg,  it  is 
chiedy  formed  by  the  eeptu  layer  covering  the  deep  muscles  on  the  back  of  the 
leg.  It  sometimes  gives  insertion  to  the  plantaris  muscle.  It  is  continuous  below 
with  the  plantar  fascia,  and  gives  origin  to  the  abductor  hallucis  muscle.  It  is 
pierced  by  the  calcanean  vessels  and  nerve.  Along  with  the  posterior  tibial  vessels 
and  nerve,  the  tendons  of  the  tibialis  posticus,  fiexor  longus  digitorum,  and  flexor 
luugus  hallucis,  pass  beneath  it,  each  enclosed  in  a  separate  synovial  sheath. 

The  external  annular  ligament,  much  smaller,  is  a  thickened  band  of  the 
deep  fascia  stretching  between  the  external  malleolus  and  the  os  ealcis.  It  binds 
down  the  tendons  of  the  peronei,  which  occupy  a  space  beneath  the  hgameut,  lined 
by  a  single  synovial  membrane. 

The  anterior  annular  ligament  is  in  two  parts.  An  npper  1>and,  broad  and 
undefined  at  its  upper  and  lower  borders,  stretches  across  the  frout  of  the  ankle 
between  the  two  malleolL  This  band  binds  down  to  the  lower  end  of  the  tibia 
the  tendons  of  the  tibialis  anticus  and  extensor  muscles  of  the  toes.  One  synovial 
sheath  is  found  beneath  it,  surrounding  the  tendon  of  the  tibialis  anticus. 

On  the  dorsum  of  the  foot,  where  the  general  covering  of  deep  fascia  is  much 
thinner,  a  special  welt-deflned  band  stretches  over  the  extensor  tendons.  This 
lower  band  of  the  anterior  annular  ligament  (fundiform  or  lambdoid  ligament)  has 
an  attachment  externally  to  the  outer  border  of  the  greater  process  of  the  os  ealcis. 
it  divides  into  two  bands  as  it  passes  inwards  over  the  dorsum  of  the  foot — an 
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its  origin,  and  is  separated  from  it 

below  by  the  rectus  femoris. 

The    gluteus   medins  arises  ^'\ 

by   fleshy   and    tendinous   fibres      " 

(1)  from  the  dorsum  ilii,  batween 

the  iliac  crest  and  the   superior 

curved  line  above  and  the  middle 

curved    line    below    (Fig.     285, 

p.  369),  and  (2)  from  the  strong 

fascia    lata   covering   its   surface 

anteriorly.     It   is   a   fan-shaped 

muscle,  its   fibres  converging  to 

the   great  trochanter,  to   be  in- 
serted by  a  strong,  short  tendon 

into   the   poetero- superior  angle 

of  the  trochanter,  and  into  a  well- 
marked  diagonal  line  ou  its  outer      ^ 

surface  (Figs.    286,  p.  370,   277, 

p.  361,  and  289,  p.  371).  A' 

The  muscle  is  covered  along 

its  anterior  border  by  the  tensor 

faacise    femoris.     Its    surface    is 

covered   over  by  the   fascia  lata 

and   the   gluteus   maximus.     Its 

inferior  border  is  separated  from  the 

muscle  by  the  superficial  branch  of 

artery.      Its   deep   surface    is    in    « 

the   gluteus    minimus,   the    gluteal 

superior  gluteal  nerve,  and  the  insei 

pyriformis   muscle.     A   bursa  is  placea   oeneam 

THE  Posterior  Aspect  hf  the 
Upper  Part  op  thi  Femur. 

TnuHnLE     the  tendon  at  its  insertion. 

''^  The  glntetu  mmimiu 

arises  by  fleshy  fibres  from 
the  dorsum  ilii  between 
the   middle   and    inferior 

:i.uu  curved  lines  (Fig.  285, 
p.  369).  This  muscle  is 
fan-shaped  and  its  fibres 
converge  to  the  antero- 
superior  angle  of  the 
great  trochanter,  to  W 
inserted  into  the  anterior 
surface  of  the  trochanter, 
and  sometimes  also  into 
the  front  part  of  the 
upper  border  (Figs.  277, 
p.  361,  and  289,  p.  371). 
It  is  also  inserted  into  the 
capsule  of  tlie  hip-joint. 
The  muscle  is  concealed 
by     the     tensor     faecisc 

"'"^^  femoris     and     gluteus 

i(iung  medius.  The  pyriformis 
is  in  contact  with  its  in- 
ferior border,  and  beneath 
Fio.287.-The  GLiTEi-a  maxihls  Muscli.  it  are  the  capsule  of  the 
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bip-joint  and    the  reflected  tendon   of  the  reetu8  femoris  muscle.      A   bursa  is 
placed  beneatb  the  tendon  in  front  of  the  great  trochanter. 

The  pyrifonois  is  one  of  the  few  muscles  connecting  the  lower  limb  to  the 
axial  skeleton.  It 
uisM  (1)  within  the 
pelvis  from  the 
pedicles  of  the  second , 
third,  and  fourth 
sacral   vertehrEe,  and 

from     the     adjacent  j  o,rv« 

part  of  the  bone  ex- 
ternal to  the  anterior  '*  '™'* 
sacral  foramina ;  paas-  ' "'"' 
ing  outwards  through 

the  great  sacro-eciatic  iHTtRHua 

foramen,  it   receives    ,  ,      ,    ^,  ''.T™.i.r. 

an    ongin    (2;    from      smt » obii 

the  upper  margin  of  '"'  raiio«ia 

the    great    sciatic  cnene 

notch  of  the   ilium,  '*'""'' 

and     (3)    from     the  " """ 

pelvic  surface  of  the 
great      sacro  -  sciatic  aoouctq 

ligament.       In     the        HiiBrms.  m 

buttock  it  forms  a 
rounded  tendon, 
which  is  inserted  into 
a  facet  on  the  upper 
border  and  inner 
aspect  of  the  great 
trochanter   of   the  Fio.  288.— The  Mubclm  and  Nerves  of  thi  buttock. 

femur       partly      SUr-    "^^^  glutcua  laaiiinus  is  relletlHl  ;  and  the  ^'uteua  mediua  Is  cul  id  part  to  sbow 

rounding    the   iueer-  '  '  *  "'^"*  Duniinui. 

tion  of  the  obturator  internua  (Figs.  286,  p.  370,  277,  p.  361,  and  289.  p.  371). 

The  pyriformia,  besides  appearing  in  the  buttock,  Unes  the  posterior  wall  of  the 
pelvis.  In  the  pelvis  it  lies  behind  the  rectum,  covered  by  a  tliin  layer  of  the 
parietal  pelvic  fascia.     In  the  buttock  it  is  covered  by  the  gluteuit  miximus,  and 

at  its  insertion  by  the 

gluteus    medius,    and 

,  it  Ues  upon  the  ilium 

and    the     capsule    of 
^,  the  hip-joint.     At  its 

upper  border  are  the 
gluteus  medius  and 
gluteus  minimus,  sepa- 
rated by  the  superior 
gluteal  nerve  and  the 
gluteal  artery ;  its 
lower  border  is  separ- 
ated from  the  gemelli 
""   ™  and  obturator  internus 

^w^mh'of^bb  FMVB.  '*''^  *""  ^"^    '"'^''^   byan  interval  in  which 
the  sciatic   and  pudic 
The  anterior  fibres  of  the 


Fia.  289.— MrscLE- 


vessels  and  the  nerves  of  the  s^ral  plexus  appear. 
muscle  may  be  separate. 

The  obturator  internnB  arises  by  fleshy  fibres  on  the  pelvic  aspect  of  the  hip 
bone,  (1)  from  the  whole  of  the  margin  of  the  thyroid  foramen  (except  the  obturator 
notch,  and  a  portion  posteriorly  opposite  the  small  sciatic  notch) ;  (2)  from  the 
surface  of  the  obturator  membrane ;  (3)  from  the  whole  of  the  pelvic  surface  of 
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the  hip  bone  behind  and  above  the  thyroid  foramen ;  and  (4)  slightly  from  the 
parietal  pelvic  fascia  covering  it  internally.  It  is  a  fan-shaped  muscle,  and  its 
fibres  converging  to  the  lesser  sacro-sciatic  foramen,  give  rise  to  several  tendons 
which  hook  round  the  margin  of  the  foramen  (a  bursa  intervening),  and  after 
traversing  the  buttock,  unite  together  to  be  inserted  into  a  facet  on  the  inner 
surface  of  the  great  trochanter  of  the  femur  above  the  digital  fossa  (Figs.  286,  p. 
370,  and  289,  p.  371). 

In  the  pelvis  the  muscle  occupies  the  lateral  wall,  covered  by  the  parietal 
(obturator)  layer  of  pelvic  fascia,  which  separates  it  from  the  pelvic  cavity  above 
and  the  ischio-rectal  fossa  below.  It  is  separated  from  the  contents  of  the  pelvis, 
above  by  the  peritoneum  and  extra-peritoneal  fat,  below  by  the  fat  in  the  ischio- 
rectal fossa.  The  internal  pudic  vessels  and  nerve  cross  it  in  the  outer  wall  of  the 
fossa  in  a  special  sheath  of  the  fascia.  In  the  buttock  the  tendon  is  embraced  by 
the  gemelli  muscles  which  are  attached  to  its  upper  and  lower  margins.  The  tendon 
is  crossed  by  the  sciatic  vessels  and  nerves,  and  lies  against  the  upper  and  back  part 
of  the  capsule  of  the  hip-joint. 

The  gemelli  mnscleB  form  accessory  portions  of  the  obturator  intemus.  They 
are  two  in  number,  superior  and  inferior,  and  are  wholly  composed  of  fleshy  fibres. 

The  superior  gemellus  arises  from  the  gluteal  surface  of  the  ischial  spine  and 
from  the  upper  part  of  the  margin  of  the  lesser  sciatic  notch  (Fig.  285,  p.  369). 
It  is  inserted  into  the  upper  margin  and  superficial  surface  of  the  tendon  of  the 
obturator  internus  muscle. 

The  gemellus  inferior  arises  from  the  upper  part  of  the  gluteal  surface  of  the 
ischial  tuberosity  and  the  lower  part  of  the  margin  of  the  lesser  sciatic  notch 
(Fig.  285,  p.  369).  It  is  inserted  into  the  lower  margin  and  superficial  aspect 
of  the  tendon  of  the  obturator  internus. 

The  qnadratUB  femoris  arises  from  the  outer  margin  of  the  ischial  tuberosity 
(Figs.  282,  p.  366,  and  285,  p.  369),  and  is  inserted  into  the  quadrate  tubercle 
and  quadrate  line  of  the  femur  (Fig.  286,  p.  370).  The  muscle  is  placed  beneath 
the  gluteus  maximus,  and  is  crossed  by  the  sciatic  vessels  and  nerves.  Its  origin 
is  concealed  by  the  hamstring  muscles.  Its  deep  surface  is  in  contact  with  the 
obturator  externus  muscle  and  the  small  trochanter  of  the  femur,  a  bursa  inter- 
vening. Its  upper  border  is  separated  from  the  inferior  gemellus  by  an  interval, 
containing  the  tendon  of  the  obturator  externus  and  the  ascending  branch  of  the 
internal  circumflex  artery.  Its  lower  border  is  separated  from  the  upper  margin 
of  the  adductor  magnus  by  the  internal  circumflex  vessels.  The  muscle  is  not 
infrequently  fused  with  the  adductor  magnus. 
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The  Hamstring  Muscles. 

The  muscles  comprised  in  this  series  include  the  biceps,  semitendinosus  and 
semimembranosus.  A  part  of  the  adductor  magnus,  already  described,  also  belongs 
morphologically  to  this  group. 

The  biceps  flexor  croris  (m.  biceps  femoris)  has  a  double  origin.  (1)  Its  long 
head  arises  by  means  of  a  tendon,  in  common  with  the  semitendinosus,  from  the 
lower  and  inner  facet  upon  the  tuberosity  of  the  ischium  (Figs.  282,  p.  366,  and 
285,  p.  369)  and  from  the  great  sacro-sciatic  ligament.  This  head,  united  for  a 
distance  of  two  to  three  inches  with  the  semitendinosus,  forms  a  separate  fleshy 
mass,  which  extends  to  the  lower  third  of  the  thigh,  to  end  in  a  tendon  joined  by 
the  short  head  of  the  muscle.  (2)  'The  short  head  arises  separately  by  fleshy  and 
tendinous  fibres  (1)  from  the  whole  length  of  the  outer  lip  of  the  linea  aspera  and 
the  upper  two-thirds  of  the  external  supra-condyloid  ridge  of  the  femur,  and  (2) 
from  the  external  intermuscular  septum  for  a  corresponding  extent.  The  upper 
limit  of  its  origin  is  sometimes  blended  with  the  insertion  of  the  lowest  fibres  of 
the  gluteus  maximus.  The  fibres  of  the  short  head,  directed  downwards,  join  the 
tendon  of  the  long  head,  and  the  muscle  is  inserted  (1)  into  the  head  of  the 
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tibula  by  a  strong  tendon,  which  is  split  into  two  parts  by  the  long  external  lateral 
ligament  of  the  knee-joint;  (2)  by  a  slip  attached  to  the  outer  tuberosity  of  the 
tibia  ;  and  (3)  along  its  posterior  border  by  a  faacial  expansion  which  connects  the 
teadoD  with  the  popliteal  fascia. 

Tlie  long  head  of  the  biceps  is  concealed  at  its  origin  by  the  gluteus  niaximua 
muscle.  In  the  lower  two-thirds  of  the  thigh  it  is  superficially  pla^eii,  with  the 
aeiiiitendiDoeus  and  semimembranosus  on  its  inner  side.  It  conceals  the  j^rwit 
BL-iatic  nerve,  the  origins  of  the  semimembranosus  and  quadratus  femoris,  the 
adductor  magnus,  and  the  short  head  of  the  muscle.     The  united  heads  assist  in 
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forming  the  outer  boundary  of  the  popliteal  apace,  and  partially  conceal  the  outer 
head  of  the  gastrocnemius. 

The  short  head  may  be  absent :  there  may  be  an  additional  origin  from  the 
ischium  or  femur;  and  the  long  head  may  send  a  slip  to  the  gastrocnemius  or 
teudo  Achillis  (tensor  ta&cm  suralis). 

The  BemiteDditlosas  ariseB,  in  common  with  the  long  head  of  the  biceps,  from 
the  lower  and  inner  facet  upon  the  ischial  tuberosity  (Fig.  285,  p.  369).  Separat- 
ing from  the  common  tendon  after  a  course  of  two  or  three  inches,  the  muscle 
forms  a  long,  narrow  band  which  becomes  tendinous  in  the  middle  third  of  the 
thigh.  Passing  over  the  inner  side  of  the  knee  it  spreads  out  and  becomes 
membranous,  and  is  inserted  (1)  into  the  inner  side  of  the  shaft  of  the  tibia  just 
below  the  internal  tuberosity,  below  the  gracihs  and  behind  the  sartorius  (Fig. 
2!)2,  p.  374),  and  (2)  into  the  fascia  lata  of  the  leg.  A  bursa  separates  it  from 
the  sartorius  in  front,  and  another,  common  to  it  and  the  gracilis,  lies  beneath  its 
iusertion. 

The  origin  of  the  muscle  is  concealed  by  the  gluteus  maximus.  In  the  back 
of  the  thigh  it  is  superficial  to  the  semimembranosus ;  and  at  the  inner  side  of  the 
kuee  the  tendon  lies  behind  that  of  the  gracilis,  and  also  behind  the  sartorius.  It 
forms  one  of  the  inner  boundaries  of  the  pophteal  s^mce.  The  belly  of  the  muscle 
is  marked  by  an  oblique  septal  tendinous  intersection  about  its  middle. 
27  a 
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The  aemimembranoBus  Ariesa  by  a  tendon  from  the  upper  and  outer  facet  on 
the  ischial  tuberoaity  (Figs.  282.  p.  366,  and  285,  p.  369).      In  the  upper  third 

of  the  thigh  the  teudou  givea  place 

to  a  rounded  fleshy  belly,  which. 
iinBHis       becoming  tendinous  at  the  back  of 

the  knee,  is  inserted  mainly  inu 
tuAToii  the  horizontal  groove  on  the  back 
ELLi  *  of  the  inner  tuberosity  of  the 
CMTOB  tibia,  and  into  a  triangular  area 
"""*  below  the  hinder  end  of  the  groove, 
™™  and    above   the   insertion    of  the 

BRiT™        popliteus   (Figs.  292,  p.  374.  and 

299,  p.  383).  A  bursa  lies  t«neath 
.ttcituc      the  tendon  at  its  iDsertioD.     It  has 

three  additional  vumbranoui  tn- 
3„  sertions:  (1)  a  fascial  l)and  exteude 

downwards  and  inwards  to  joiu  the 

posterior    border   of    the  internal 

^™  lat(iral  ligaraeut  of  the  knee-joinl; 

long  (2)   another   fascial  band  extends 

f*!  downwards   and    outwards,   forme 

the   fascia  covering   the  popliteue 
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muscle  (])optJteu3  fuHuiiiJ,  and  is  attached  to  the  oblique  line  of  the  tibiu ;  and 
(3)  a  third  strong  band  extends  upwards  and  outwards  to  the  back  of  tbe  external 
condyle  of  tbe  femur,  formiug  tbe  posterior  hgatiient  of  the  knee-joint. 

The  tendon  of  origin  of  the  seiuiniembraiiosus  is  concealed  by  the  gluteus 
maximus,  and  immediately  beyuud  tlie  i.'tchiiim  it  is  grooved  by  the  common  origin 
of  the  long  head  of  tbe  biceps  and  scmiteudinosus.     In  tJiu  back  of  the  thigh  it  is 
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covered  by  the  semitendinosus,  and  lies  upon  the  adductor  magnus  and  great 
sciatic  nerve.  It  forms  part  of  the  inner  boundary  of  the  popliteal  space,  and 
conceals  the  popliteal  vessels.  Its  tendon  passes  over  the  inner  head  of  the 
gastrocnemius  on  its  way  to  its  insertion. 


Nerve-Supply  op  the  Muscles  op  the  Thigh  and  Buttock, 
The  innervation  of  the  muscles  described  above  is  given  in  the  following  table  : — 


Mnscles. 


Nerves. 


Pectineus . 

Sartorius . 

Iliacus 

Psoas 

Quadriceps  extensor 

Vastus  extemus 

Rectus  femoris . 

Crureus    . 

Vastus  intemus 
Tensor  fascia;  femoris 
Gluteus  minimus     . 
Qluteus  medius 
Gluteus  maximus 
Biceps  (short  head)  . 
Pyriformis 
Adductor  longus 
Gracilis    . 
Adductor  brevis 
Obturator  extemus . 

Adductor  magnus    . 

Semimembranosus  . 

Semitendinosus 

Biceus  (long  head)  . 

Quaaratus    femoris    and    inferior 

gemellus 
Superior  gemellus    and  obturator 

intemus 


Anterior  crural 


Superior  gluteal 

Inferior  gluteal 
Peroneal 
Sacral  plexus 

I  Obturator 

r  Obturator 

\  Nerve  to  hamstrings 


Nerve  to  hamstrings 


Sacral  plexus 


L.2.  3. 
L  2.  a 
L  2.  3.  4. 
L.  2.  3.  4. 
L.  3.  4. 

L.  3.  4. 


L.  4.  5.  S.  1. 

L.  6.  S.  1.  2. 
L.  5.  S.  1.  2. 
S.  1.  2. 
L.  2.  3. 
L.  2.  3.  4. 
L.3.  4. 
L.  3.  4. 
L.  3.  4. 
L.  4.  5.  S.  1. 
li.  4.  6.  S.  1. 
L.  5.  S.  1.  2. 
S.  1.  2.  a 
L.  4.  5.  S.  1. 

S.  1.  2.  a 


Action  of  the  Muscles  op  the  Thigh  and  Buttock. 

Most  of  the  above  muscles  act  on  the  pelvis  and  on  the  hip-  and  knee-jointa  The  psoas 
miLscle  in  addition  assists  in  the  movements  of  the  vertebral  column  (p.  398). 

1.  Movements  at  the  Hip- Joint. — The  movements  of  the  thigh  at  the  hip-joint  are  flexion 
and  extension,  adduction  and  abduction,  internal  and  external  rotation.  The  following  table 
gives  the  muscles  producing  these  movements : — 


a.  Flexion 


and 


Sartorius 

Iliacus 

Psoas 

Rectus  femoris 

Pectineus 

Adductor  longus 

Gracilis 

Obturator  extemus 
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Extension. 


Gluteus  maximus 
medius 
minimus 
Biceps 
Semitendinosus 
Semimembranosus 
Adductor  magnus 
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6.  Adduction      and      Abduction. 

1 
1 

Pectint'iis 

Tensor  fasciae  femoris 

Adductor  longus 

Gluteus  medius 

1                „        brevia 

Gluteus  minimus 

,                „        magnus 

Obturator  externus                              , 

Gracilis 

Pyriformifl                \ 

Quadratus  femoris 

Obturator  intemus 

Gluteus  maximuB 

Gemelli 

during 

(lower  fibres) 

SartoriuB 
Gluteus  maximus 

'flexion 

(upper  fibres) 

c.  Internal  Rotation      and      External  Rotation. 

Tensor  foscise  femoris 

Obturator  exteruus 

Gluteus  medius  (anterior  fibres) 

Gluteus  maximus  (lower  fibi-es) 

„        minimus      „           „ 

Quadratus  femoris 

Gluteus  medius      ^posterior 
„       minimus  /fibres) 

Pyriformifl                 |^^ 

Obturator  mtemus   \ ^^^i^^ 

GemelU                    Jextenflion 

Sartorius 

Ilio-psoas 
Pectmeus 

Adductor  longus 

„        brevis 

„        magnus 

Biceps  flexor  cruris 

2.  MoTements  of  the  Pelvis  on  the  Thigh. — It  is  to  be  noted  that  the  several  movemeiit» 
tabulated  above  refer  to  the  movements  of  the  femur  at  the  hip-joint  The  contraction  of  the 
same  groups  of  muscles  produces  similar  movements  of  the  pelvis  on  the  femur,  exemplified  in 
the  various  changes  in  the  attitude  of  the  pelvis  in  relation  to  the  thigh  and  the  vertebral 
column,  which  occur  in  locomotion. 

3.  Movements  at  the  Knee-Joint. — The  movements  at  the  knee-joint  are  mainly  flexion 
and  extension.  Flexion  is  much  more  powerful  than  extension.  There  is  also  a  limited  amount 
of  rotation  of  the  tibia.  The  movements  are  produced  by  certain  of  the  muscles  described  above, 
associated  with  certain  of  the  muscles  of  the  leg. 


a.  Flexion      and      Extension. 


Sartorius 

Gracilis 

Semi  tend  inosus 

Semimembranosus 

Biceps 

Gastrocnemius 

Plantaris 

Popliteus 


Quadriceps  extensor 


&.  Rotation  inwards  and  Rotation  ontwarda. 


Sartorius 
Gracilis 

Semitendinosus 
Sem  imembranoBus 
Popliteus 


Biceps  flexor  cruris 
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FASCLE. 

The  superficial  fascia  of  the  leg  presents  no  special  features  except  in  the 
sole,  where  it  is  greatly  tliickened  by  pads  of  fat,  particularly  under  the  tuberosity 
of  the  08  calcia,  and  under  the  bcdls  of  the  toes.  It  is  closely  adherent  to  the 
plantar  fascia,  especially  at  the  roots  of  the  toes. 

The  deep  fascia  has  numerous  important  attachments  about  the  knee. 
Posteriorly  it  forms  the  popliteal  fascia,  and  is  joined  by  expansions  from  the 
tendons  of  the  sartorius,  gracilis,  semitendinosus,  and  biceps  muscles.  In  front  of 
^he  knee  it  is  attached  to  the  patella,  the  ligamentum  patellae,  and  the  tubercle  of 
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the  tibia;  laterally  it  is  connected  to  the  tuberosities  of  the  tibia  and  the  head  of 
the  fibula,  and  forms  the  latoral  patellar  ligaments,  broad  fascial  bands  which  pass 
obliquely  from  the  sides  of  the  patella  to  the  tuberosities  of  the  tibia,  and  are  joined 
by  tibrea  of  the  vasti  muscles.  Passing  down  the  leg,  the  fascia  blends  over  the 
inner  surface  of  the  tibia  with  the  periosteum  of  the  bone.  It  extends  round 
the  outer  side  of  the  1^  from  the  anterior  to  the  internal  border  of  the  tibia, 
binding  together  and  giving  origin  to  the  muscles,  and  gaining  an  attachment  to 
the  lower  part  of  the  shaft  of  the  fibula.  Two  septa  pass  from  its  deep  surface ; 
one  septum,  attached  to  the  anterior  border  of  the  fibula,  enclcmes  the  musculo- 
cutaneous nerve,  and  separates  the  extensor  from  the  peronei  muscles.  The  other 
septum  is  attached  to  the  posterior  border  of  the  fibula,  and  separates  the  peronei 
from  the  flexor  muscles.  From  the  last-named  septum  another  extends  across  the 
b»ck  of  the  leg,  forms  a  partition  between  the  superficial  and  deep  fiexor  muscles, 
and  encloses  the  posterior  tibial  vesseU  and  nerves.  It  gives  rise  to  a  subordinate 
septum  attached  to  the  vertical  line  of  the  tibia  and  the  oblique  line  of  the  fibula, 
which  separate  the  tument 

tibialis  posticus  "'a^fI' 

muscle  from  the 
flexors  of  the  toes 
on  either  side. 

At  the  ankle 
the  deep  fascia  is 

strengthened      by  wmos 

additional     trans-        utmnioin  iii 

verae  fibres ;   it  is  '""'" 

attached  to  the  c."'  a 

malleoli  and  the  os  pirubbui 

calcis,    and    gives  nrur/ 

rise  to  the  annular    Eite™i  mnuur  -""^ 

ligaments.  puohi 

The  internal  ''" 

♦^nn'ilftr  limunent  .1^.^.,. 

""O  ABHtrCTOK  HI  nvnv 

Stretches   between  irur; 

the  internal  mal-  .ioitdruh 

leolus  and  the 
tuberosity  of  the 

OS    calcia      While     ^'°'  ^^^' — Cono'*^!-  Hectidx  tbhouoh  the  LEtr  Ankui-Joint,  Astraoalus, 
it  is  continuous  at  *""  •'*'-"^^'"'- 

its  upper  border  with  the  general  investment  of  the  deep  fascia  of  the  leg,  it  is 
chiefly  formed  by  the  septal  layer  covering  the  deep  muscles  on  the  back  of  the 
leg.  It  sometimes  gives  insertion  to  the  plantaris  muscle.  It  is  continuous  below 
with  the  plantar  fascia,  and  gives  origin  to  the  abductor  hallucis  muscle.  It  is 
pierced  by  the  calcanean  vessels  and  nerve.  Along  with  the  posterior  tibial  vessels 
and  nerve,  the  tendons  of  the  tibialis  posticus,  flexor  longus  digitorum,  and  flexor 
longus  hallucis,  pass  beneath  it,  each  enclosed  in  a  separate  synovial  sheath. 

The  external  annular  ligament,  much  smaller,  is  a  thickened  band  of  the 
deep  fascia  stretching  between  the  external  malleolus  and  the  os  calcis.  It  binds 
down  the  tendons  of  the  peronei,  which  occupy  a  space  beneath  the  ligament,  lined 
by  a  single  synovial  membrane. 

The  anterior  annular  Ugament  is  in  two  parts.  An  apper  band,  broad  and 
undefined  at  its  upper  and  lower  borders,  stretehes  across  the  front  of  the  aukle 
between  the  two  malleoli  This  band  binds  down  to  tlie  lower  end  of  the  tibia 
the  tendons  of  the  tibialis  anticus  and  extensor  muscles  of  the  toes.  One  synovial 
sheath  is  found  beneath  it,  surrounding  the  tendon  of  the  tibialis  anticus. 

On  the  dorsum  of  the  foot,  where  the  general  covering  of  deep  fascia  is  much 
thinner,  a  special  well-defined  band  stretches  over  the  extensor  tendons.  This 
lower  hand  of  the  anterior  annular  ligament  (fundiform  or  lambdoid  ligament)  has 
an  attachment  externally  to  the  outer  border  of  the  greater  process  of  the  os  calcis. 
It  divides  into  two  bands  as  it  passes  inwards  over  the  dorsum  of  the  foot — au 


niHctive  Umat  an 


31S  THE  MUSCULAR  SYSTEM. 

upper  part,  which  joins  the  upper  ligament  and  is  attached  to  the  internal  malleolus, 
and  a  lower  part,  which  passes  across  the  dorsum  of  the  foot,  and  joins  the  fascia  of 
the  sole  at  its  inner  border  Beneath  this  ligament  are  three  special  compartmeDte 
with  separate  synovial  sacs,  one  for  the  tibialis  anticus  tendon,  a  second  for  tliat 
of  the  extensor  proprius  ballucis,  and  a  third  for  the  extensor  longus  digitorum 
and  peroneus  tertius  tendons.  There  are  occasionally  other  additional  Iwnds  uf 
the  deep  fascia  passing  like  the  straps  of  a  sandal  across  the  dorsum  of  the  foot 

The  plantar  fbscia  is  of  great  importance.  In  the  centre  of  the  sole  it  fornix 
a  thick  triangular  hand,  attached  posteriorly  to  the  tuberosity  of  the  08  calcie.  It 
spreads  out  anteriorly  and  separates  into  five  slips,  which  are  directed  forwards  to 
the  bases  of  the  toes.  These  slips  as  they  separate  are  joined  together  by  ilUdefiDed 
bands  of  transverse  fibres,  which  constitute  the  enperfldal  transreiM  metatsml 
lisament.      The  slip  for  each  toe  joins  the  tissue  of  the  web  of  the  toe  and  ii< 

continuous  with  the  digital 
sheath.  It  splits  to  form  a 
band  of  fibres  directed  forwards 
on  each  side  of  the  toe  to  be 
attached  to  the  sides  of  the 
metatarso-phalangeal  articula- 
tion and  the  base  of  the  tit«t 
phalanx. 
*  This  central  portion  of  the 

periiciiii  tnnxterH  plantar  foscia  assists  in  pie- 
taM«i  iigmn„»t  serving  the  arch  of  the  foot,  by 
innrhHoreitamai  drawing  the   toes  and  the  os 

I    nUr  ntrve  calciS  together. 

On  each  side  it  is  continuous 
.^aff^™ "'  ^^^^    *    much    thinner    layer 

uchM  of  cxtfnui  which  covcrs  the  lateral  muscles 
mur  iierva  of  the  solc,  and  joins  the  fascia 

of  the  dorsum  of  the  foot  at 
poruonofpiintw  g^^j^  border.  It  also  gives  rise 
iw-meutani  to  intermuscular  septa,  which 

™'  pass  upwards  on  each   side  of 

the  flexor  brevis  digitomni, 
enclosing  that  muscle  in  a 
separate  sheath,  and  giving 
P^NT^B  CTANBocB  iDvestments  on  either  side  t.. 
the  abductor  muacles  of  the 
great  and  little  toes.  At  the 
outer  border  of  the  foot  the  calcanoo-metatarsal  llgaaient,  a  thickened  band  of  the 
fascia,  connects  the  tuberosity  of  the  os  calcis  with  the  base  of  the  fifth  Dietatan=al 
bone. 

The  digital  sheaths,  though  smaller,  are  the  same  in  arrangement  as  those  of 
the  fingers.  Vaginal  ligaments  are  present  in  relation  to  the  first  and  secuDcl 
phalanges. 

THE   MUSCLES  OF   THE  LEG  AND   FOOT. 

The  mu.scles  of  the  leg  and  foot  are  divisible  into  three  series :  (1)  the  extensor 
muscles  on  the  front  of  the  leg  and  dorsum  of  the  foot;  (2)  the  peronei  ou  the 
outer  side  of  the  leg ;  and  (3)  the  flexor  muscles  on  the  back  of  the  leg  and  in  the 
sole  of  the  foot. 

The  Muscles  os  the  Front  of  the  Leg  and  Dorsum  of  the  Foot. 

The  muscles  on  the  front  of  the  leg  and  dorsum  of  the  foot  include  two  groups; 
(1)  on  the  front  of  the  leg,  the  tibialis  anticim,  long  extensors  of  the  toies  and 
peroneus  tertius;  and  (2)  ou  the  dorsum  of  the  foot,  the  extensor  brevis  digitoniiu. 

The  tibialis  anticaa  (m.  tibialis  anterior)  aiisos  by  tieshy  fibres  from  the  oul«r 
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tuberosity  and  the  upper  two-thirds  of  the  outer  surface  of  the  shaft  of  the  tibia, 
from  the  interosseous  membrane,  from  the  fascia  over  it,  and  from  an  inter- 
lUHacular  septum  externally.  The  inuscle  ends  in  a  strong  tendon  which  passes 
over  the  dorsum  of  the  foot,  to  be  inserted  into  a  &cet  on  the  anterior  and  inferior 
pare  of  the  inner  suiface  of  the  internal  cuneiform  and  the  adjacent  inner  side  of 
the  base  of  the  first  metatarsal  bone  (Fig.  295,  p.  379). 

The  muscle  is  superficially  placed  along  the  outer  side  and  front  of  the  tibia, 


Plo.  2dA. — Mdsclb-Attachuenib  tu  TAsaua  and  Metatahsub  (PlinUr  Aspect). 

internal  to  the  long  extensors  of  the  toes  and  the  anterior  tibial  vessels  and  nerve. 
Its  tendon  occupies  special  compartments  beneath  both  upper  and  lower  parts  of 
the  anterior  annular  ligament,  enclosed  in  a  separate,  single,  synovial  sac. 


The  extensor  longQS  dlgitonim  aiisoa  by  fleshy  fibres  from  the  outer  side  of 
the  external  tuberosity  of  the  tibia,  from  the  upper  two-thirds  or  more  of  the 
anterior  surface  of  tlie  shaft  of  the  fibula,  from  the  fascia  over  it,  and  from  inter- 
muacular  septa  on  either  side.  It  gives  rise  to  a  tendon  which  passes  beneath  the 
anterior  annular  ligament,  and  in  front  of  the  ankle  subdivides  into  four  tendons, 
iiu«rtod  into  tlie  four  outer  toes,  exactly  in  the  same  way  as  the  corresponding 
tendons  in  the  hand  (see  p.  347).     They   form  membranous  expansions  on  the 
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dorsum  of  the  first  phalanx,  joined  by  the  tendons  of  the  extensor  brevia  digitorum. 
lumbricales,  and  interoesei,  wliich  separate  into  one  central  and  two  lateral  slips, 
attached  respectively  to  the  middle  and  terminal  phalangea 

The  muscle  is  superficial,  and  is  placed  external  to  the  tibialis  anticus  and 
extensor  proprius  hallucis,  and  internal  to  the  peronei  muscles.  The  musculo- 
cutaneous nerve  is  ou  its  outer  side.  It  con- 
ceals the  anterior  tibial  vessels  and  nerve. 
The  tendon  occupies  a  separate  compartment 
along  with  the  peroneua  tertius  Ijeneath  the 
lower  part  of  the  anterior  annular  ligament, 
invested  by  a  special  synovial  membrane. 

The  peronens  tertius  is  a  separated 
portion  of  the  extensor  longus  digitorum. 
It  is  an  essentially  human  muscle.  It  uiMt 
(inseparably  from  the  extensor  longus  dip- 
torum)  from  the  lower  part  of  the  anterior 
surface  of  the  fibula,  from  the  interosaeoue 
membrane,  and  from  the  intermuscular  septum 
external  to  it.  The  tendon  of  the  muscle  is 
inserted  into  the  dorsal  aspect  of  the  base  of 
the  fifth  metatarsal  bone.  It  accompanies 
B)  the  extensor  longus  digitorum   beneath    the 

oio  anterior  annular  ligament,  and  lies  external 

Fi  to  the  tendons  of  that  muscle  on  the  dorsum 

of  the  foot. 
.!.>«         The  extensor  proprius  hallucis  mnscle 
'"      (m.  extensor  hallucis  longus)  arises  by  fleshy 
fibres   from    the   front   of   the   fibula   in   its 
middle  three-fifths,  internal  to  the  origin  of 
p,„  ^1^^   the   extensor    longus   digitorum,  and    for  a 

vera    corresponding  extent   from   the   interosseous 
membrane.    Its  tendon  passes  over  the  dorsum 
luot   of  the  foot,  to  be  iiuertod   into  the   base  ot 
^      the  terminal  phalanx  of  the  great  toe.     In 
lent     the  leg  the  muscle  is  deeply  placed  between 
the  tibialis  anticus  and  extensor  longus  digi- 
torum.    It  conceals  the  anterior  tibial  vessels 
]  and  nerve,  and  crosses  the  termination  of  the 

anterior  tibial  artery  in  front  of  the  ankle- 
"^"^  joiut.     It  is  invested  by  a  special   synovial 

tK  sac  as  it  lies  beneath  the  lower  part  of  th«- 

'  anterior  annular  hgament.     On  the  dorsum  "f 

the  foot  the  tendon  is  placed  ou  the  inner  side 
of  the  dorsalis  pedis  artery. 

The  extensor  longns   primi    intemodii  >aii<i 
extensor  ossis  metatarsi  hallucis  ar«  oivai-itiual 

^.'[Miratt.-  slip^  of  Ibis  muscle  in^ertinl  into  thv  buix'^ 
of  ihi-  great  Iw. 

The  extensor  brevis  digitorum  arises  on 
the  dorsum  of  the  foot  by  short   teiidinou.-> 

RciiHT  Lbu  a'sd'domuh'oi'  THE  FcioT ""    *°'^  floshy  fibrcs  from  a  special  impression  on 
the  upper  surface  of  the  greater  process  of  the 
OS  calcis,  and  from  the  deep  surface  of  the  lower  band  of  the  anterior  annular 
ligament. 

It  usually  gives  rise  to  four  fleshy  bellies,  from  which  narrow  tendons  are 
directed  forwards  and  inwards,  to  be  inserted  into  the  four  inner  toes.  The  three 
outer  tendons  join  those  of  the  long  extensor  muscle  to  form  the  membranous 
expansions  on  the  dorsum  of  the  toes.  The  innermost  tendon  is  inserted  separately 
into  the  base  of  the  first  phalanx  of  the  great  toe. 
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The  muscle  is  coyered  'by  the  lower  band  of  the  anterior  annular  ligament,  and 
by  the  tendoDS  of  the  extensor  longus  digitorum  and  peroneus  tertius ;  the  slip 
of  the  muscle  passing  to  the  great  toe  crosses  over  the  dorsalis  pedis  artery. 

Thb  Mdscles  on  the  Outer  Side  of  the  Leg. 

The  muscles  on  the  outer  side  of  the  leg  comprise  the  peronei — longus 
and  brevis. 

The  peroneas  lon^ns  ariies  by  fleshy  fibres  from  the  head  and  the  upper 
two-thirds  of  the  outer  surface  of  the  shaft  of  the  fibula,  from  intermuscular  septa 
on  either  side,  and  from  the  fascia  over  it.     It  Iprius  a  stout  tendon,  which  hooks 
round  the  external  malleolus,  crosses  the  outer  side  of  the  os  calcis,  and  passing 
through  the  groove  on  the  cuboid  bone,  is  directed  across  the  sole  of  the  foot  to  he 
insarted  into  the  outer  sides  of  the  internal  cuneiform  and  the  base  of  the  first  meta- 
tarsal bones  (Fig.  295,  p.  379).     The  muscle  is  placed  superficially  in  the  leg,  and 
is  separated  by  intermuscular  septa  from  the 
extensor  longus  digitorum  and  peroneus  brevis       a^"""™"  oBr.iqvii  haluci* 
in  front,  and  the  soleus  and  flexor  longus 
hallucis   behind.     It  partially  conceals   the 
peroneus  brevis,  along  with  which  it  passes 
beneath  the  external  annular  ligament,  in- 
vested by  a  common  synovial  sheath.     As  it 
enters  the  sole  of  the  foot  a  fibro-cartilage 

is  formed  in  the  tendon,  which  plays  over  a  ™"' 

smooth  tubercle  on  the  cuboid  bone,  a  bursa 
intervening.  In  its  passage  across  the  foot 
the  tendon  is  enclosed  in  a  fibrous  sheath 

derived    from    the    inferior   calcaneo-cuboid  I""" 

ligaments  and  the  tibialis  posticus  tendon,  ^ 

and  is  concealed  by  the  first  three  layers  of  lomm 

the  moacles  of  the  sole.  '" 

The  peroneus  brevis  arisss  by  fleshy  fibres  ^«™" 

from  the  lower  two-thirds  of  the  outer  surface 
of  the  shaft  of  the  fibula,  and  from  an  inter- 
muscular septum  along  its  anterior  border. 
Its  tendon  passes  over  the  back  of  the  ex- 
ternal malleolus  and  the  outer  side  of  the  os 
calcis,  to  be  inserted  into  the  tubercle  and 

donaUurraoeot  the  baM  of  the  fifth  meta-  '"JJLT™ '""."  S,,™.  "S'S 
tarsal  bone.     In  the  leg  the  peroneus  brevis       ™  th«  Sols  of  thb  ricibt  Foot. 
lies  behind  the  extensor  longus  digitorum  and 

peroneus  tertius,  and  in  front  of  the  peroneus  longus,  which  partially  overlaps  it. 
'Jhe  tendon  hes directly  behind  the  external  malleolus  beneath  the  external  annular 
Ugament,  invested  by  a  synovial  sheath  common  to  it  and  the  peroneus  longus. 

The  peroneU9  longus  and  brevia  may  be  fused  together,  or  additional  isllp 
peroneiu  acceuorioi,  peronens  qiuati  dfgiti,  peroneoH^canens  ezt«mas, » 

The  Muscles  on  the  Back  of  the  Lei;. 

The  muscles  on  the  back  of  the  leg  are  divisible  into  two  layers;  (1)  a 
mperfldftl  sat,  consisting  of  the  gastrocnemius  and  soleus  (the  so-called  triceps 
muscle  of  the  leg),  and  Mie  plantaris  ;  and  (2)  a  deep  set,  consisting  of  the  popliteus, 
flexor  longus  digitorum,  tibialis  posticus,  and  flexor  longus  hallucis. 

The  {^utrocnemias  arises  by  tv>o  heads,  inner  and  outer,  by  means  of  strong 
tendons  which  are  prolonged  over  the  surface  of  the  muscle.  The  outer  head  arises 
from  an  impression  on  the  upper  and  posterior  part  of  the  outer  surface  of  the 
external  condyle,  and  from  the  lower  end  of  the  external  supra-condyloid  ridge ; 
while  the  inner  head  arises  from  a  prominent  rough  mark  on  the  popliteal  space  of 
the  femur  above  the  internal  condyle  and  from  the  surface  between  that  and  the 
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addQctor  tubercle.  Each  head  has  an  additional  origin  from  the  back  of  the 
capsule  of  the  knee-joint.  A  bursa  lies  beneath  each  tendon  of  origin.  Each  fleshy 
belly  of  the  muscle  is  inserted  into  a  broad  membranous  tendon,  prolonged  upwards 
on  its  deep  surfac<>  for  some  distance.     The  inner  head  is  the  larger. 

The  tendo  Aohillis  is  formed  by  the  union  of  the  two  membranous  insertions 

of  the  bellies  of  the  gastrocuemius.     Prolonged   upwards  beneath   the   separate 

bellies,  the  tendon  forrus  a  broad  membranous  band  connecting  together  the  lower 

parts  of  the  two  bellies.     Narrowing 

gradually,  and   becoming   thicker  in 

the  lower  half  of  the  leg,  the  tendon 

is  finally  inserted  into  the  intermediate 

.)  surface  on  the  posterior  aspect  of  the 

OS  calcis.     A  bursa  lies  beneath  the 

smuEUBu  tendon  at  its  insertion.     The  tendo 

^""™'  Achillis  also  affords  insertion  to  the 

soleus  and  (sometimes)  the  pl&ntaria 

Tibw  moscles. 

poi>uu  The   gastrocnemius  is   superficial 

except  at  its  origin.     The  inneir  head 
is  concealed   by    the   semitendinosus 
PuKTABi  ^^^  semimembranosus   muscles,  and 

partially  covers  the  popliteal  vessels 
and  the  tibial  nerve  in  the  lower  part 
of  their  course.  It  forms  part  of  the 
inner  boundary  of  the  pophteal  space. 
The  outer  head  is  concealed  partially 
by  the  biceps  tendon  and  the  peroneal 
nerre,  and  covers  the  plantaris  muscle, 
the  popliteal  vessels,  and  the  tibial 
nerve.  It  forms  part  of  the  outer 
boundary  of  the  popliteal  space.  The 
two  bellies  are  for  the  most  part  in 
close  contact,  the  external  saphenous 
vein  occupying  the  interval  between 
them.  The  tendo  Achillis  in  the 
imio  lower  half  of  the  leg  partially  conceals 

the  soleua  and  the  deeper  muscles. 
The  plantaris  tendon  lies  along  ite 
inner  border. 

The  plantaris    iriMs    by  fleshy 
fibres  from  the  external  supra-con- 
uiiiir     dyloid  ridge  of  the  femur  for  about  an 
*"'*™'  inch  at  its  lower  end,  from  the  adjacent 

part  of  the  popliteal  space  of  the  femur, 
and  from  the  posterior  ligament  of  the 
knee-joint.  It  forms  a  narrow  fleehy 
slip  which  ends  in  a  tendon  extending 
down  the  back  of  the  leg,  to  be  loBertad 
FiQ.  293.— The  Soleus  Muscle.  into  the  inner  side  of  the  tuberosity 

of  the  08  calcis,  or  the  tendo  Achillis, 
•or  the  internal  annular  ligament.  The  tendon  of  the  muscle  is  capable  of  con- 
siderable lateral  extension.  The  plantaris  lies  between  the  outer  head  of  the 
gastrocnemius  and  the  soleus,  and  crosses  the  popliteal  vessels  and  the  tibial 
nerve.  In  the  lower  half  of  the  leg  its  tendon  lies  along  the  inner  border  of  the 
tendo  Achillis.     The  nmscle  is  not  always  present 

The  soleoB  has  a  trijile  origin  by  means  of  short  tendinous  and  fleshy  fibres : 
(I)  from  the  posterior  surface  of  the  head  and  the  shaft  of  the  fibula  in  its  upper 
third ;  (2)  from  a  fibrous  arcli  stretching  over  the  popliteal  vessels  and  tibial  nerve 
between  the  tibia  and  Hlxila;  and  (3)  from  the  oblique  line  and  middle  third  of 
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the  inner  border  of  the  tibia  (Fig.  299,  p.  383),  From  this  origin  the  upper 
muscular  fibres  are  directed  downwards  to  join  a  tendon  placed  on  the  superficial 
aspect  of  the  muscle,  which  is  inserted  into  the  tendo  Achillis ;  the  lower  fibres 
are  inserted  directly  into  the  tendo  AchiUis  to  within  one  or  two  inches  of  the  os 
calcis. 

The  muscle  is  concealed  by  the  gastro- 
cnemius, plantaris,  and  tendo  AchiUis  in 
nearly  its  whole  extent.  It  is  partially 
superficial  on  each  side  of  the  gastrocnemius 


and  tendo  Acliillis.     The  muscle  covers  the  tibialis  pnsticus  and  the  flexor  muscleB 
of  the  toes  aa  well  as  the  posterior  tibial  vessels  and  nerve. 

The  deep  mueclea  of  the  back  of  the  leg  comprise  the  poplitcus,  the  long  flexors 
of  the  toes,  and  the  tibialis  posticus. 

The  popUteua  is  deeply  placed  behind  the  knee.  It  arises  by  a  stout  tendon 
from  a  rough  impression  in  front  of  a  groove  on  the  outer  aspect  of  the  external 
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condyle  of  the  femur.  This  tendon  paasea  between  the  external  semilunsr  cartil^^ 
and  the  capsule  of  the  knee-joint,  and  pierces  the  posterior  ligament,  from  which 
it  takes  an  additional  flealiy  origin.  A  bursa  is  placed  beneath  the  tendon,  which 
communicates  usually  with  the  synovial  cavity  of  the  knee-jolDt.  The  muscle  is 
insartod  by  fleshy  fibres  (1)  into  a  triaugular  surface  on  the  back  of  the  tibia  above 
the  oblique  line  (except  a  small  area  below  the  fibular  facet)  (Fig.  29d,  p.  383),  and 
(2)  into  the  fascia  over  it  (the  popliteus  fascia,  derived  &om  the  tendon  of  the  semi- 
membranosus muscle).  The  popliteus  is  covered  at  its  origin  by  the  capeule  of  the 
knee-joint.  Posteriorly  it  is  coacealed  by  the  gastrocDemiua  and  plantaris  muscles, 
and  by  the  popliteal  vessels  and  the  tibial  nerv&  Its  lower  border  correspoads  to 
the  point  of  bifurwitioa  of  the  popliteal  artery  and  the  origin  of  the  soleus  muscle. 
The  popliteus  minor  la  a  small  occasional  muscle  attached  to  the  popliteal  apace  of  the  femur 
and  the  poeterior  ligament  of  the  knee-joint 

The  flexor  loiLgns  digitorum  occupies  both  the  back  of  the  leg  aud  the  sole  of 
the  foot.     Its  origin  is  by  fleshy  fibres  from  the  posterior  surface  of  the  shaft  of  the 
tibia  in  its  middle  three-fiftha,  below  the  oblique  line,  and  internal  to  the  vertical 
line  and  the  origin  of  the  tibiaUs 
posticus,  from  the  fascia  over  it, 
and  from  an  intermuscular  septum 
OD  each  side   (Fig.  '299,  p.   383). 
Its  tendon,  after  passing  beneath 
the    intemal    annular    ligament, 
enters  the  sole  of  the  foot,  and 
divides  into  four  subordinate  ten- 
dons, which  are  inserted  into  the 
four  outer   toes  in   precisely  the 
same  manner  as   the   flexor   pro- 
Li'SBKic*)  PtiioB      fundus  digitorum  is  inserted   in 

BUTis       the   hand.      Each   tendon   enters 
Pi."  the  digital  sheath  of  the  toe,  per- 

"""""d'io  forates  the  tendon  of  the  flexor 

oua  brevis  digitorum,  and  is  inserted 

'""""       into    the   base    of    the    terminal 
20H  phalanx.       Ligunenta     acceasoria 

Accn  """.  (longa  and  brevU)  are  present  as 

in   the    hand.      Associated   with 
^^^^^^^  ^  this  muscle  in  the  sole  of  the  foot 

are    the    luinbricales    and   accee- 
sorius  muscles. 

The  lamtnioales  are  four  small 

muscles  ariaijig  in  aasociation  with 

the  tendons  of  the  flexor  profundus 

digitorum  in  the  sole.     The  Jirat 

muscle  arises  by  a  single  origin  from 

the  tibial  side  of  the  teudon  of 

the   flexor   loagus   digitorum   for 

the  second    toe ;    the  oUier   thru 

arise    by   two    heads     from     the 

adjacent  sides  of  all  four  tendons. 

I^h  muscle  is  imwrted  into  the 

dorsal  expansion  of  the  extensor  tendou,  the  uietatarso-phalangeal  capsule,  and 

the  base  of  the  first  phalanx,  precisely  as  in  the  case  of  the  lumbrical  muscles 

of  the  hand.     Each  muscle  passes  forwards  on  the  tibial  side  of  the  corresponding 

toe,  superficial  to  the  transverse  metatarsal  ligament. 

The  flexor  accessorliu  muscle  (m.  quadratus  plantee)  arieaa  by  two  heads:  (1) 
the  outer  tendinous  head  springs  from  the  outer  border  of  the  inferior  surface  of 
the  OS  calcis  and  from  the  outer  border  of  the  long  planter  ligameut ;  (2)  the  inner 
bead,  which  is  fleshy,  arises  from  the  concave  inner  surface  of  the  oe  calcis  in  its 
whole  extent,  and  from  the  iuner  border  of  the  long  plantar  hgament  (Fig.  295, 
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p.  379).  The  long  plantar  ligament  separates  the  two  origins.  The  two  heads 
unite  to  form  a  flattened  band,  which  is  inserted  into  the  upper  aspect  of  the 
tendons  of  the  flexor  longus  digitorom,  and  usually  into  those  destined  for  the 
second,  third,  and  fourth  toes. 

In  the  leg  the  flexor  longus  digitorum  lies  at  first  internal  to  the  tibialis 
posticus,  and  is  partially  concealed  by  the  soleus  and  tendo  Achillis.  Its  tendon 
crosses  over  the  tibia^lis  posticus  above  the  ankle-joint,  passes  beneath  the  internal 
annular  ligament,  invested  by  a  special  synovial  sheath,  and  below  the  ligament 
crosses  the  plantar  or  superficial  surface  of  the  tendon  of  the  flexor  longus  hallucis. 
As  it  passes  over  this  tendon  it  receives  from  it  a  special  band  of  fibres,  usually 
associated  with  the  tendons  for  the  second  and  third  toes. 

In  the  sole  of  the  foot  the  tendons  of  the  flexor  longus  digitorum,  along  with  the 
lumbricales  and  accessorius,  and  the  flexor  longus  hallucis  muscles,  constitute  the 
second  layer  of  muscles  of  the  sole.  They  are  placed  between  the  abductors  of  the 
great  and  little  toes  and  the  flexor  brevis  digitorum  on  the  one  hand,  and  the  flexor 
brevis  and  adductors  of  the  great  toe  on  the  other. 

The  flexor  longus  hallucis  arises  by  fleshy  fibres  on  the  back  of  the  leg  from 
the  lower  two-thirds  of  the  posterior  surface  of  the  shaft  of  the  fibula,  from  the 
fascia  over  it,  and  from  intermuscular  septa  on  either  side.  Its  tendon  passes 
beneath  the  internal  annular  ligament  enclosed  in  a  special  synovial  sheath,  and 
after  grooving  the  back  of  the  lower  end  of  the  tibia,  the  astragalus,  and  the  under 
surface  of  the  sustentaculum  tali  of  the  os  calcis,  it  is  directed  forwards  in  the 
sole  of  the  foot,  to  be  inserted  into  the  base  of  the  terminal  phalanx  of  the  great  toe. 

The  muscle  is  partially  concealed  in  the  leg  by  the  soleus  and  tendo  Achillis. 
It  lies  at  its  origin  between  the  tibialis  posticus  and  the  peronei  muscles,  separated 
from  the  former  by  the  peroneal  artery.  In  the  foot,  concealed  by  the  abductor 
hallucis,  it  crosses  over  the  deep  aspect  of  the  tendon  of  the  flexor  longus  digitorum, 
to  which  it  is  connected  by  a  strong  fibrous  band  destined  for  the  tendons  for  the 
second  and  third  toes.  At  the  root  of  the  great  toe  the  tendon  occupies  the 
interval  between  the  insertions  of  the  flexor  brevis  hallucis. 

The  tibialis  posticus  muscle  (m.  tibialis  posterior)  has  a  fourfold  fleshy  origin 
in  the  leg.  It  arises  (1)  from  the  upper  four -fifths  of  the  shaft  of  the  fibula 
between  the  obUque  line  and  the  interosseous  border ;  (2)  from  the  lower  part  of 
the  outer  tuberosity  of  the  tibia  and  from  the  upper  two-thirds  of  the  shaft  of  the 
bone  below  the  oblique  line  and  between  the  vertical  line  and  the  interosseous 
border  (Fig.  299,  p.  383) ;  (3)  from  the  interosseous  membrane ;  and  (4)  from  the 
fascia  over  it  and  the  septa  on  either  side.  The  muscle  gives  rise  to  a  strong 
tendon  which  passes  beneath  the  internal  annular  ligament,  invested  by  a  special 
sjTiovial  sheath,  and  grooves  the  back  of  the  internal  malleolus,  on  its  way  to  the 
inner  border  of  the  foot.  The  tendon  then  spreads  out  and  is  inserted  by  three 
bands  into  (1)  the  tubercle  of  the  navicular  bone  and  the  plantar  surfaces  of  the 
internal  and  middle  cuneiform  bones,  (2)  the  plantar  aspects  of  the  second, 
third,  fourth,  and  sometimes  the  fifth  metatarsal  bones,  the  middle  and  external 
cuneiform  bones,  and  the  groove  on  the  cuboid,  and  (3)  by  a  recurrent  slip 
into  the  inner  border  of  the  sustentaculum  tali  6f  the  os  calcis  from  which  a 
fibrous  expansion  passes  outwards  to  join  the  inner  border  of  the  short  plantar 
ligament  (Fig.  302,  p.  386). 

In  the  leg  the  tibialis  posticus  is  concealed,  as  it  lies  on  the  interosseous  mem- 
brane between  the  tibia  and  fibula,  by  the  superficial  muscles  and  the  posterior 
tibial  vessels  and  nerve.  It  lies  between  the  flexor  longus  hallucis  and  flexor 
longus  digitorum,  and  is  crossed  by  the  tendon  of  the  latter  muscle  just  above  the 
ankle.  Just  below  the  knee  between  its  tibial  and  fibular  origins  is  an  angular 
space  through  which  the  anterior  tibial  vessels  pas&  In  the  foot  its  tendon  is 
covered  by  the  long  flexor  tendons  and  by  the  short  flexor  muscles  of  the  great  toe. 
The  tendon  is  in  contact  with  the  inferior  calcaneo-navicular  ligament  in  the 
interval  between  the  sustentaculum  tali  and  the  navicular  bone. 

The  peroneo-calcanetis  muscle,  when  present,  arises  from  the  fibula,  and  is  inserted  into  the 
OS  calcis. 

28 
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upper  part,  which  joins  the  upper  ligament  and  is  attached  to  the  internal  malleolus, 
and  a  lower  pari,  which  passes  across  the  dorsum  of  the  foot,  and  joins  the  fascia  of 
the  BoIe  at  its  inner  border.  Beneath  this  ligament  are  three  special  compartmenlB 
with  separate  synovial  sacs,  one  for  the  tibialis  anticus  tendon,  a  second  for  that 
of  the  extensor  proprius  hallucia,  and  a  third  for  the  extensor  longue  djgitorum 
and  peroneus  tertius  tendons.  There  are  occasionally  other  additional  bands  of 
the  deep  fascia  passing  like  the  straps  of  a  sandal  across  the  dorsum  of  the  foot. 

The  plantar  fosoia  is  of  great  importance.  In  the  centre  of  the  sole  it  formii 
a  tliick  triangular  band,  attached  posteriorly  to  the  tuberosity  of  the  os  calcia  It 
spreads  out  anteriorly  and  separates  into  five  slips,  which  are  directed  forwards  to 
the  bases  of  the  toes.  These  slips  as  they  separate  are  joined  together  by  ill-defined 
bands  of  transverse  fibres,  which  constitute  the  Bupaxfldal  transrerse  metatuaal 
ligament.      The  slip  for  each  toe  joins  the  tissue  of  the  web  of  the  toe  and  is 

continuous  with  the  digital 
sheath.  It  splits  to  form  a 
band  of  fibres  directed  forwards 
on  each  side  of  the  toe  to  be 
attached  to  the  aides  of  the 
metatarso-phalangeal  articola- 
J   «u-  ti         d    '^*^°  ^°^  ^^^  ^**™  '*'^  ^^^  ^^* 

t  in  Uis  ir«b  of  Ibe        phalanX. 

"  This  central  portion  of  the 

iperflctii  tnnnieriH  plantar   fa«cia  assists   in    pre- 

BnDciMorint.m.1  «t.uni  Hgim.nt  serving  the  arch  of  the  foot,  by 

pUnurntrv*  Bnni^hu cf eitBmii  drawing  the   toes  and  the  OS 

p    nUr  nerve  calcis  together. 

On  each  side  it  is  continuous 

luDfr  portion  i!^?ftii™  "^  *''^''    *    much    thinner    layer 

pUnui  fui  nnch«a  of  eitemii      which  covers  the  lateral  muscles 

Thick  emtMi  portii  «"•"  '•""*  of  the  Bole,  and  joins  the  fascia 

innwIwrtioB  "^  ^''^  dorsum  of  the  foot  at 

pi«uur  rui  [  por"""  of  punur     ^^^^  boider.     It  also  gives  rise 

nwmeuumi  to  intenuuBCular  septa,  which 

""""  pass  upwards  on  each   side  of 

the    flexor    brevis    digitonun, 

enclosing    that    muscle    in    a 

separate    sheath,    and    giving 

Fio.  294.-THB  Pi^«  F*»e.*  AND  PL*Nr«  CuTANEoc*       investments  on  either  side  to 

nbrvib.  the  abductor  muscles  of  the 

great  and  little  toea     At  the 

outer  border  of  the  foot  the  calcaneo-metatanal  Ugaaient,  a  thickened  band  of  the 

fascia,  connects  the  tuberosity  of  the  os  calcis  with  the  base  of  the  fifth  metatarsal 

bone. 

The  digital  aheatha,  though  smaller,  are  the  same  in  arrangement  oa  those  of 
the  fingers.  Vajinal  ligaments  are  present  in  relation  to  the  first  and  second 
phalanges. 

THE    MUSCLES   OF   THE   LEG   AND    FOOT. 

The  muscles  of  the  leg  and  foot  are  divisible  into  three  series:  (1)  the  extensor 
muscles  on  the  front  of  the  leg  and  dorsum  of  the  foot;  (2)  the  peronei  on  the 
outer  side  of  the  leg ;  and  (3)  the  flexor  muscles  on  the  back  of  the  leg  and  in  tlie 
sole  of  the  foot. 

The  Muscles  os  the  Front  of  the  Leg  and  Dorsum  of  the  Foot. 

The  muscles  on  the  front  of  the  leg  and  dorsum  of  the  foot  include  two  groups : 
(1)  on  the  front  of  the  leg,  the  tibialis  anticus,  long  extensors  of  the  toes  and 
peroneus  tertius;  and  (2)  on  the  dorsum  of  the  foot,  the  extensor  brevis  digitorum. 

The  tibtallB  anticus  (m.  tibialis  anterior)  aiima  by  fleshy  fibres  from  the  outer 
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tuberosity  and  the  upper  two-t!iirds  of  the  outer  surface  of  the  shaft  of  the  tibia, 
from  the  interosBcouB  membrane,  from  the  fascia  over  it,  and  from  an  inter- 
muscular septum  externally.  The  muscle  ends  in  a  strong  tendon  which  paeses 
over  th«  dorfiHin  of  the  foot,  to  be  inserted  into  a  facet  on  the  anterior  and  inferior 
part  of  the  inner  surface  of  the  internal  cuneiform  and  the  adjacent  inner  side  of 
the  base  of  the  first  metatarsal  booe  (Fig.  295,  p.  379)- 

The  muscle  is  superficially  placed  along  the  outer  side  and  front  of  the  tibia, 
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internal  to  the  loug  extensors  of  the  toea  and  the  anterior  tibial  vessels  and  nerve. 
Its  tendon  occupies  special  compart  men  ts  beneath  both  upper  and  lower  parts  of 
the  anterior  annular  ligament,  enclosed  in  a  separate,  single,  synovial  sac. 

ioiially  pTttent:,  iuBert«d 

The  extensor  longUB  digitomm  arlBes  by  fieshy  fibres  from  the  outer  side  of 
the  external  tuberosity  of  the  tibia,  from  the  upper  two-thirds  or  more  of  the 
anterior  surface  of  the  shaft  of  the  fibula,  from  the  fascia  over  it,  and  from  inter- 
muscular septa  on  either  side.  It  gives  rise  to  a  tendon  which  passes  beneath  the 
anterior  annular  ligament,  and  in  front  of  the  ankle  subdivides  into  four  tendons, 
isMfted  into  the  four  outer  toes,  exactly  in  the  same  way  as  the  corresponding 
tendons  in  the  hand  (see  p.  347J.     They   form  membranous  expansions  on  the 
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dorsum  of  the  first  phalsDx,  joioed  by  the  tendons  of  the  extensor  brevie  digitorum. 
luinbricalea,  and  interossei,  wliich  separate  into  one  central  and  two  lateral  sliiie. 
attached  respectively  to  the  middle  and  terminal  phalanges. 

The  muscle  is  superficial,  and  is  placed  external  to  the  tibialis  anticus  and 
extensor  proprius  hallucis,  and  internal  to  the  peronei  muscles.  The  musculo- 
cutaneous nerve  is  on  its  outer  side.  It  con- 
ceals the  anterior  tibial  vessels  and  nene. 
The  tendon  occupies  a  separate  compartmeDl 
along  with  the  peroneus  tertius  beneath  the 
lower  part  of  the  anterior  annular  ligament, 
invested  by  a  special  synovial  membrane. 

The  peroneos  tertitu  is  a  separated 
portion  of  the  extensor  longus  digitorum. 
It  is  an  essentially  human  muscle.  It  uiMt 
(inseparably  from  the  extensor  longus  digi- 
torum) from  the  lower  part  of  the  anterior 
surface  of  the  fibula,  from  the  interosaeoue 
membrane,  and  from  the  intermuscular  septum 
external  to  it.  The  tendon  of  the  muscle  ib 
inserted  into  the  dorsal  aspect  of  the  base  of 
the  fifth  metatarsal  bone.  It  accompanies 
Ex  the  extensor  longus  digitorum  beoeath   tlf 

Dio  anterior  annular  ligament,  and  Ues  ext«nial 

pe  to  the  tendons  of  that  muscle  on  the  dorsum 

of  the  foot. 
.L,g  The  extensor  proprios  Iiallacis  mnscle 

''''      (m.  extensor  hallucis  longus)  ariMa  by  fieshv 
ftbrea   from   the   front   of  the   fibula   in   its 
middle  three-fifths,  internal  to  the  origin  of 
p,„o  ■^■*"'   the   extensor    lougua   digitorum,  and    for  a 

icjH    corresponding  extent   from   the   interosseous 
membrane.    Its  tendon  passes  over  the  dorsum 
™ot   of  the  foot,  to  be  ioaerted   into  the   base  of 
J^l      the  terminal  phalanx  of  the  great  toe.     lo 
"in     the  leg  tlie  muscle  is  deeply  placed  betwe>;n 
the  tibialis  anticus  and  extensor  longus  di^'i- 
torum.     It  conceals  the  anterior  tibial  vessels 
'  and  nerve,  and  crosses  the  termination  of  tlie 

anterior  tibial  artery  in  front  of  the  ankle- 
'^"'°  joint.     It  is  invested  by  a  special   syuoviai 

iM  sac  as  it  lies  beneath  the  lower  part  of  tlie 

'  anterior  annular  ligament.     On  the  dorsum  'if 

the  foot  the  tendon  is  placed  on  the  inner  si<le 
of  the  dorsalis  pedis  artery. 

The  extensor  longns  primi  intemodli  'ami 
extensor  ossis  metatarsi  naUncis  are  oowioiial 
siijiaralj-' sliim  of  Ihia  muscle  inserted  into  tht  bunr* 
ol  the  great  toe. 

The  extensor  brevis  digitorum  anaee  od 

the  dorsum  of  the  foot  by  short   tendinous 
'rJut'l,T^d'do«^™'J7^ Fo^"'    ti"'*  fleshy  fibres  from  a  special  impression  ou 

the  upper  surface  of  the  greater  process  ot  th« 
08  calcis,  and  from  the  deep  surface  of  the  lower  band  of  the  anterior  annular 
ligament. 

It  usually  gives  rise  to  four  fleshy  bellies,  from  which  narrow  tendons  are 
directed  forwards  and  inwards,  to  \>e  inserted  into  the  four  inner  toes.  The  three 
outer  tendons  join  those  of  the  long  extensor  muscle  to  form  the  membranous 
expansions  on  the  dorsum  of  the  toes.  The  innermost  tendon  is  inserted  separately 
into  the  base  of  the  first  phalanx  of  the  great  toe. 
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The  muscle  is  oovered  by  the  lower  band  of  the  anterior  aonular  ligament,  and 
by  the  tendons  of  the  extensor  longus  digitorum  and  peroneus  tertius ;  the  slip 
of  the  muscle  passing  to  the  great  toe  crosses  over  the  dorsalis  pedis  artery. 

The  Mcsclk3  on  the  Odter  Side  of  the  Leg. 

The  musclee  on  the  outer  side  of  the  leg  comprise  the  peronei — longus 
and  brevis. 

The  peroneos  longus  arliaa  by  fleshy  flbres  from  the  head  and  the  upper 
two-thirds  of  the  outer  surface  of  the  shaft  of  the  fibula,  from  intermuscular  septa 
on  either  side,  and  &om  the  fascia  over  it.  It  Eoriiia  a  stout  tendon,  which  hooks 
round  the  external  malleolus,  croases  the  outer  side  of  the  os  calcis,  and  passing 
through  the  groove  on  the  cuboid  bone,  is  directed  across  the  sole  of  the  foot  to  be 
inaertsd  into  the  outer  sides  of  the  internal  cuneiform  and  the  base  of  the  first  meta- 
tarsal bones  (Fig.  295,  p.  379).  The  muscle  is  placed  superficially  in  the  leg,  and 
is  separated  by  intermuscular  septa  Irom  the 

extensor  longus  digiterum  and  peroneus  brevis  aodi'ctob  oBMonn  uiLi.rcia 
in  front,  and  the  soleus  and  flexor  longus 
hallucis  behind.  It  partially  conceals  the 
peroneus  brevis,  along  with  which  it  passes 
beneath  the  external  annular  ligament,  in- 
vested by  a  common  synovial  sheath.  As  it 
enters  the  sole  of  the  foot  a  fibro-eartilage 

is  formed  in  the  tendon,  which  plays  over  a  °' 

smooth  tubercle  on  the  cuboid  bone,  a  bursa 
intervening.  In  its  psas^e  across  the  foot 
the  tendon  is  enclosed  in  a  fibrous  sheath 

derived    from    the    inferior   calcaneo-cuboid  '^ 

ligaments  and  the  tibialis  posticus  tendon, 

and  is  concealed  by  the  first  three  layers  of  utan* 

the  muscles  of  the  sole. 

The  peroneTlB  brevis  aiiies  by  fleshy  fibres  "«<" 

from  the  lower  two-thirds  of  the  outer  surface 
of  the  shaft  of  the  fibula,  and  from  an  inter- 
muscular septum  along  its  anterior  border. 
Its  tendon  passes  over  the  back  of  the  ex- 
ternal malleolus  and  the  outer  aide  of  the  os 
calcis,  to  be  inserted  into  the  tubercle  and 

do™l8,„f.oeot  thebMof  the  fifth  meta-  ^•'■^j^-'Z^'S^Z' S^UZ"^ 
tarsal  bone.     In  the  leg  the  peroneus  brevis       in  tri  Soli  of  tub  rioht  foot. 
lies  behind  the  extensor  longus  digitorum  and 

peroneus  tertius,  and  in  front  of  the  peroneus  longus,  which  partially  overlaps  it. 
'Ihe  tendon  lies  directly  behind  the  external  malleolus  beneath  the  external  annular 
ligament,  invested  by  a  synovial  sheath  common  to  it  and  the  peroneus  longus. 


The  MtfsCLES  on  the  Back  of  the  Lbc 

The  muscles  on  the  back  of  the  leg  are  divisible  into  two  layers:  (1)  a 
snpeiilciAl  set,  consisting  of  the  gastrocnemius  and  soleus  (the  so-called  triceps 
muscle  of  the  leg),  and  the  plantaris  ;  and  (2)  a  deep  set,  consisting  of  the  popliteus, 
flexor  longus  digitorum,  tibialis  posticus,  and  flexor  longus  hallucis. 

The  gaatrocnemias  ariaes  by  tv;o  heads,  inner  and  outer,  by  means  of  strong 
tendons  which  are  prolonged  over  the  surface  of  the  muscle.  The  outer  bead  arises 
from  an  impression  on  the  upper  and  posterior  part  of  the  oute.r  surface  of  the 
external  condyle,  and  from  the  lower  end  of  the  exteroal  supra-condyloid  ridge ; 
while  the  inner  head  arises  from  a  prominent  rough  mark  on  the  popliteal  space  of 
the  femur  above  the  internal  condyle  and  from  the  surfiice  between  that  and  the 
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adductor  tubercle.  Each  head  has  an  additional  origin  from  the  back  of  the 
capsule  of  the  knee-joint.  A  bursa  lies  beneath  each  tendon  of  origin.  Each  fleshy 
belly  of  the  muscle  ia  iHHited  into  a  bioad  membranous  tendon,  prolonged  upwards 
on  its  deep  surface  for  some  distance.     The  inner  head  is  the  larger. 

The  tendo  Aohillis  is  formed  by  the  union  of  the  two  memoranous  insertions 

of  the  bellies  of  the  gastrocnemius.     Prolonged   upwards  beneath   the   sepaiate 

bellies,  the  tendon  forms  a  broad  membranous  band  connecting  together  the  lower 

parts  of  the  two  belues.     Karrowing 

gradually,  and  becoming   thicker  in 

the  lower  half  of  the  leg,  the  tendon 

ia  finally  ineerted  into  the  intermediate 

)         surface  on  the  posterior  aspect  of  the 

OS  calcis.     A  bursa  lies  beneath  the 

sduhekdu  tendon  at  its  insertion.     The  tendo 

^™'*"'  Achillia  also  affords  insertion  to  the 

soleus  and  (sometimes)  the  plantaris 

muscles. 

ii^fUil  The   gastrocDemiuB   is  superficial 

except  at  its  origin.     The  inner  head 

is   concealed   by   the  semitendinosus 

PuNTARi  ^""^   semimembranosus   muscles,   and 

partially  covers  the  popliteal  vessels 

and  the  tibial  nerve  in  the  lower  part 

of  their  course.     It  forms  part  of  the 

inner  boundary  of  the  popliteal  space. 

The  outer  head  is  concealed  partially 

by  the  biceps  tendon  and  the  peroneal 

nerve,  and  covers  the  plantaris  muscle, 

the  popliteal   vessels,  and   the  tibial 

nerve.     It   forms  part  of  the   outer 

boundary  of  the  popliteal  space.     The 

two  bellies  are  for  the  most  part   in 

close  contact,  the  external  saphenous 

vein  occupying  the  interval  between 

them.     The    tendo   Aohillis    in    the 

Tomo .  lower  half  of  the  leg  partially  conceab 

the  eoleus  and   the  deeper   musclea 

The  plantaris  tendon  liee  along   its 

inner  border. 

The  plantaris    arises    by  fleshy 
fibres  from  the  external  supra-con- 
niiiiT     dyloid  ridge  of  the  femur  for  about  an 
""""^  inch  at  its  lower  end,  from  the  adjacent 

part  of  the  popliteal  space  of  the  femur, 
and  from  the  posterior  ligament  of  the 
knee-joint.  It  forms  a  narrow  fleshy 
slip  which  ends  in  a  tendon  extending 
down  the  back  of  the  leg,  to  be  Inserted 
Kio,  308.— The  ijoleus  MuscLit.  into  the  inner  side  of  the  tuberosity 

of  the  OS  calcis,  or  the  tendo  Achillis, 
«r  the  internal  annular  ligament.  The  tendon  of  the  muscle  is  capable  of  con- 
siderable lateral  extension.  The  plantaris  lies  between  the  outer  head  of  the 
gastrocnemius  and  the  soleus,  and  crosses  the  popUteal  vessels  and  the  tibial 
nerve.  In  the  lower  half  of  the  leg  its  tendon  lies  along  the  inner  border  of  the 
tendo  Achillis.     The  muscle  is  not  always  present. 

The  soleus  has  a  tri]>le  origin  by  means  of  short  tendinous  and  fleshy  fibres : 
(1)  from  the  posterior  surt'iice  of  the  head  and  the  shaft  of  the  flbula  in  its  upper 
third ;  (2)  from  a  fibrous  arch  stretehing  over  the  popliteal  vessels  and  tibial  nerve 
between  the  tibia  and  hbula;  and  (3)  from  the  oblique  line  and  middle  third  of 
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the  inner  border  of  the  tibia  (Fig,  299,  p.  383).  From  this  origin  the  upper 
muscular  fibres  are  directed  downwards  to  join  a  tendon  placed  on  the  superficial 
aspect  of  the  muscle,  which  is  inserted  into  the  tendo  Achillin ;  the  lower  fibres 
are  inserted  directly  into  the  tendo  Achillis  to  within  one  or  two  inches  of  the  os 
calcis. 

The  muscle  is  concealed  by  the  gastro- 
cnemius, plantaris,  and  tendo  AchilliB  in 
nearly  its  whole  extent.  It  is  partially 
euperfioial  on  each  side  of  the  gastrocnemius 


'BE  FlO.   SOO. — TSE   DBEr   Hl'SCLia   ON   TUB   BACK   OF 

and  tendo  Achillis.     The  muscle  covers  the  tibialis  posticus  and  the  Hexor  muscles 
of  the  toes  as  well  as  the  posterior  tibial  vessels  and  nerve. 

The  deep  muscles  of  the  back  of  the  leg  comprise  the  popliteua,  the  long  flexors 
of  the  toes,  and  the  tibialis  posticus. 

The  poplitens  is  deeply  placed  behind  the  knee.  It  arises  by  a  stout  tendon 
from  a  rough  impression  in  front  of  a  groove  on  the  outer  aspect  of  the  external 
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condyle  of  the  femur.  This  tendoD  paseea  between  the  external  Bemilimar  cartU^e 
and  the  capsule  of  the  knee-joint,  and  pierces  the  posterior  ligament,  from  which 
it  takes  an  additional  fleshy  origin.  A  bursa  is  placed  beneath  the  tendon,  which 
commuDicateB  usually  with  the  synovial  cavity  of  the  knee-joint.  The  muscle  ia 
inserted  by  fleshy  iibres  (1)  into  u  triangular  surface  on  the  back  of  the  tibia  above 
the  oblique  Une  (except  a  small  area  below  the  fibular  facet)  (Fig.  299,  p.  383),  and 
(2)  into  the  fascia  over  it  (the  popliteus  foscia,  derived  from  the  tendon  of  the  semi- 
membranosus muscle).  The  popliteus  is  covered  at  its  origin  by  the  capsule  of  tbe 
knee-joint.  Posteriorly  it  is  concealed  by  the  gastrocnemius  and  plantaria  muscles, 
and  by  the  pophteal  vessels  and  the  tibial  nerve.  Its  lower  border  corresponds  to 
the  point  of  bifurcation  of  the  popliteal  artery  and  the  origin  of  the  soleus  muscle. 
The  popliteus  minor  is  a  eniall  oucasiunal  muscle  attached  to  the  popliteal  apave  of  the  femur 
and  the  posterior  ligament  of  the  knee-joint 

The  flexor  lonjfas  digitomtn  occupies  both  the  back  of  the  leg  and  the  sole  of 
the  foot.     Its  origin  is  by  fleshy  fibres  from  the  posterior  surface  of  the  shaft  of  the 
tibia  in  its  middle  three-lifths,  below  the  oblique  line,  and  internal  to  the  vertical 
line  and  tbe  origin  of  the  tibialis 
posticus,  from  the  fascia  over  it. 
and  from  an  intermuscular  septum 
on  each  side   (Fig.  299,  p.   383> 
Its  tendon,  after  passing  beneath 
the    internal    annular    Ugament, 
enters  the  sole  of  the  foot,  and 
divides  into  four  subordinate  ten- 
dons, which  are  inserted  into  the 
four  outer   toes  in   precisely  the 
same  manner  as   the  flexor   pro- 
^'-'*  ,      fundus  digitorum   is   inserted   in 

the   hand.      Each   tendon   enters 
tbe  digital  sheath  of  the  toe,  per- 
""  forates  the  tendon  of  the  flexor 

brevis  digitorum,  and  is  inserted 
into  the  base  of  the  terminal 
phalanx.  Licamanta  accetsoiia 
(longa  and  breria)  are  present  as 
in  the  band.  Associated  with 
^^^  this  muscle  in  the  sole  of  the  foot 

are   the    lunibricales   and   acces- 
sorius  muscles. 

The  Inznbrioalee  are  four  small 

muscles  arising  in  association  with 

the  tendons  of  tbe  flexor  profundus 

digitorum  in  the  sole.     The  Jirst 

trmacle  arises  by  a  single  origin  from 

the  tibial  side  of  the  tendon  of 

the  flexor   longus  digitorum    for 

the  second   toe ;    the  other   three 

arise    by   two    heads    from     the 

Flo.  30i.-Ta«  MCS..LKS  o.  TH«  R.uHT  KoOT  (.Jt«r        adjacent  sides  of  aU  four  tendona 

Each  muscle  is  inserted  into  the 

dorsal  expansion  of  the  extensor  tendon,  the  metatarso-phalangeal  capsule,  and 

the  base  of  tbe  first  phalanx,  precisely  as  in  the  case  of  the  lumbrical  muscles 

of  the  hand.     Each  muscle  passes  forwards  on  the  tibial  side  of  the  corresponding 

toe,  superficial  to  the  transverse  metatarsal  ligament 

The  flexor  accessorios  muscle  (m.  quadratus  plants)  artws  by  two  heads:  (1) 
the  outer  tendinous  head  springs  from  the  outer  border  of  the  inferior  surface  of 
the  06  calcis  and  from  the  outer  border  of  the  long  plantur  ligament ;  (2)  the  inner 
head,  which  is  fleshy,  arises  from  the  concave  inner  surface  of  the  os  calcis  in  its 
whole  extent,  and  from  the  inner  border  of  the  long  plantar  Ugament  (Fig.  29o, 
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p.  379).  The  long  plantar  ligament  separates  the  two  origins.  The  two  heads 
unite  to  form  a  flattened  band,  which  is  inserted  into  the  upper  aspect  of  the 
tendons  of  the  flexor  longus  digitorum,  and  usually  into  those  destined  for  the 
second,  third,  and  fourth  toes. 

In  the  leg  the  flexor  longus  digitorum  lies  at  first  internal  to  the  tibialis 
posticus,  and  is  partially  concealed  by  the  soleus  and  tendo  Achillis.  Its  tendon 
crosses  over  the  tibialis  posticus  above  the  ankle-joint,  passes  beneath  the  internal 
annular  ligament,  invested  by  a  special  synovial  sheath,  and  below  the  ligament 
crosses  the  plantar  or  superficial  surface  of  the  tendon  of  the  flexor  longus  hallucis. 
As  it  passes  over  this  tendon  it  receives  from  it  a  special  band  of  fibres,  usually 
associated  with  the  tendons  for  the  second  and  third  toes. 

In  the  sole  of  the  foot  the  tendons  of  the  flexor  longus  digitorum,  along  with  the 
lumbricales  and  accessorius,  and  the  flexor  longus  hallucis  muscles,  constitute  the 
second  layer  of  muscles  of  the  sole.  They  are  placed  between  the  abductors  of  the 
great  and  Httle  toes  and  the  flexor  brevis  digitorum  on  the  one  hand,  and  the  flexor 
brevis  and  adductors  of  the  great  toe  on  the  other. 

The  flexor  longus  hallucis  arises  by  fleshy  fibres  on  the  back  of  the  leg  from 
the  lower  two-thirds  of  the  posterior  surface  of  the  shaft  of  the  fibula,  from  the 
fascia  over  it,  and  from  intermuscular  septa  on  either  side.  Its  tendon  passes 
beneath  the  internal  annular  ligament  enclosed  in  a  special  synovial  sheath,  and 
after  grooving  the  back  of  the  lower  end  of  the  tibia,  the  astragalus,  and  the  under 
surface  of  the  sustentaculum  tali  of  the  os  calcis,  it  is  directed  forwards  in  the 
sole  of  the  foot,  to  be  inserted  into  the  base  of  the  terminal  phalanx  of  the  great  toe. 

The  muscle  is  partially  concealed  in  the  leg  by  the  soleus  and  tendo  Achillis. 
It  lies  at  its  origin  between  the  tibialis  posticus  and  the  peronei  muscles,  separated 
from  the  former  by  the  peroneal  artery.  In  the  foot,  concealed  by  the  abductor 
hallucis,  it  crosses  over  the  deep  aspect  of  the  tendon  of  the  flexor  longus  digitorum, 
U)  which  it  is  connected  by  a  strong  fibrous  band  destined  for  the  tendons  for  the 
second  and  third  toes.  At  the  root  of  the  great  toe  the  tendon  occupies  the 
interval  between  the  insertions  of  the  flexor  brevis  hallucis. 

The  tibialis  posticus  muscle  (m.  tibialis  posterior)  has  a  fourfold  fleshy  origin 
in  the  leg.  It  arises  (1)  from  the  upper  four -fifths  of  the  shaft  of  the  fibula 
l:»etween  the  oblique  line  and  the  interosseous  border ;  (2)  from  the  lower  part  of 
the  outer  tuberosity  of  the  tibia  and  from  the  upper  two-thirds  of  the  shaft  of  the 
bone  below  the  oblique  line  and  between  the  vertical  line  and  the  interosseous 
border  (Fig.  299,  p.  383) ;  (3)  from  the  interosseous  membrane ;  and  (4)  from  the 
fascia  over  it  and  the  septa  on  either  side.  The  muscle  gives  rise  to  a  strong 
tendon  which  passes  beneath  the  internal  annular  ligament,  invested  by  a  specisd 
synovial  sheath,  and  grooves  the  back  of  the  internal  malleolus,  on  its  way  to  the 
inner  border  of  the  foot.  The  tendon  then  spreads  out  and  is  inserted  by  three 
bands  into  (1)  the  tubercle  of  the  navicular  bone  and  the  plantar  surfaces  of  the 
internal  and  middle  cuneiform  bones,  (2)  the  plantar  aspects  of  the  second, 
third,  fourth,  and  sometimes  the  fifth  metatarsal  bones,  the  middle  and  external 
cuneiform  bones,  and  the  groove  on  the  cuboid,  and  (3)  by  a  recurrent  slip 
into  the  inner  border  of  the  sustentaculum  tali  bi  the  os  calcis  from  which  a 
fibrous  expansion  passes  outwards  to  join  the  inner  border  of  the  short  plantar 
ligament  (Fig.  30^  p.  386). 

In  the  leg  the  tibialis  posticus  is  concealed,  as  it  lies  on  the  interosseous  mem- 
brane between  the  tibia  and  fibula,  by  the  superficial  muscles  and  the  posterior 
tibial  vessels  and  nerve.  It  lies  between  the  flexor  longus  hallucis  and  flexor 
longus  digitorum,  and  is  crossed  by  the  tendon  of  the  latter  muscle  just  above  the 
ankle.  Just  below  the  knee  between  its  tibial  and  fibular  origins  is  an  angular 
space  through  which  the  anterior  tibial  vessels  pass.  In  the  foot  its  tendon  is 
covered  by  the  long  flexor  tendons  and  by  the  short  flexor  muscles  of  the  great  toe. 
The  tendon  is  in  contact  with  the  inferior  calcaneo-navicular  ligament  in  the 
interval  between  the  sustentaculum  tali  and  the  navicular  bone. 

The  peroneo-calcaneuB  muscle,  when  present,  arises  from  the  fibula,  and  is  inserted  into  the 
06  calcis. 
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The  Muscles  in  thr  Sole  ot  the  Foot. 

The  muBcles  in  the  sole  of  the  foot  are  divisible  into  four  layers  placed  beneath 
the  plantar  fascia. 

First  layer :  Abductor  hallucis,  flexor  brevis  digitorum,  abductor  minimi  digiti. 

Second  layer:  Lumbricales  and  accessoriuB,  together  with  the  tendons  of  tbe 
flexor  longus  hallucis  and  flexor  longus  d^torum. 


Flo.  302.— Ursci.E^ Attach MBNT8  7i>  Tarsus  and  METATAHHcit  (PUotv  Aspect). 

Third  layer :  Flexor  brevis  hallucis,  adductors  of  the  great  toe,  and  flexor  brevia 
minimi  digiti. 

Fourth  layer :  Interoeset  (plantar  and  dorsal). 

The  ftbdoctor  hallnds  has  a  double  origin,  (1)  b;  a  short  tendon  from  the  inner 
side  of  the  greater  tubercle  on  the  tuberosity  of  the  os  calcis  (Fig.  302,  p.  386), 
and  (2)  by  fleshy  fibres  from  the  internal  anaular  ligament,  the  plantar  fascia 
which  covers  it,  and  the  intermuscular  septum  between  it  and  the  flexor  brevis 
digitorum.  Lying  superficially  along  the  inner  border  of  the  sole,  its  tendon  Ls 
inserted,  along  with  part  of  the  fiexor  brevis  hallucis,  into  the  inner  side  of  the 
posterior  end  of  the  first  phalanx  of  the  preat  toe.  The  muscle  lies  beneath  the 
plantar  fascia,  interual  to  the  flexor  brevitt  digitorum,  and  conceals  the  plantar 
vessels  and  nerves,  and  near  its  origin  the  long  flfxor  tendons. 

The  flexor  brevis  digitorum  has  likewise  a  double  oiigin :  (1)  by  a  short 
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tendon  from  the  fore-part  of  the  greater 
Caberde  of  the  tuberoeity  of  the  os  calcis 
(Fig.  302,  p.  386),  and  (2)  by  fleshy 
tibrea  &om  the  thick  central  part  of  the 
plantar  fascia  which  covers  it,  and  from 
the  intermuBCular  septa  on  either  side. 
Passing  forwards,  it  gives  rise  to  four 
slender  tendons;  which  are  inserted  into 
the  aecood  phalanges  of  the  four  outer  toes, 
after  having  heen  perforated,  just  as  in  the 
case  of  the  tendous  of  the  tiexor  Bublimis 
digilomm  of  the  hand,  by  the  long  flexor 
tendons.  Placed  in  the  centre  of  the  sole 
beneath  the  planter  fascia,  and  between 
[he  abductor  hallticiB  and  abductor  minimi 
digiti  muBcLes,  the  muscle  conceals  the 
second  layer  of  muscles  and  the  external 
plantar  veesela  and  nerve. 

The  abductor  minimi  digiti  (m.  ab- 
ductor digiti  quinti)  has  also  a  double 
oiiciii :  (1)  by  fleshy  and  tendinous  fibres 
from  the  fore-part  of  both  tulierclea  on 
the  tuberosity  of  the  oa  calcis,  partly 
concealed  by  the  flexor  brevis  digitorum 
(Fig.  302,  p.  386),  and  (2)  by  fleshy  fibres 
from    the   outer  portion   of   the   plantar 


Pig.  301.— Thb  Hubclh  of  tbb  F 


acta    and    the    calcaneo- metatarsal  ^ga- 

ent,  and   from  the   intermuscular  septum 

itween  it  and  the  flexor  brevis  digitorum. 

a   tendon  lies  along  the  fifth   metatarsal 

>ne,and  is  inserted  by  a  tendon  into  the  outer 

side  of  the  posterior  end  of 

.BOBMijiiu*  the  first  phalanx  of  the  httle 

toe.     The   outermost   fibres 

BHtus  HiLLuoM      usually  obtain  an  additional 

insertion  into  the  outer  side 

of  the  plantar  surface  of  the 

fifth  metatarsal  bone.    It  lies 

Mmcra  on  the  outer  side  of  the  flexor 

uoroDi  BALun:iB     brcvls  digitorum,  and  parti- 

uunrntDionoRin    ally  conceals  the  flexor  brevis 

minimi  digiti. 

The  tendons  of  the  long 
flexors  of  the  toee,  the  Inmbri- 
cates  and  occeasorina  mnacles, 
constituting  the  second  layer 
of  muBcleB,  have  already  been 
described.  Lying  beneath 
the  abductor  halliicis  and  the 
flexor  brevis  digitorum,  and 
separated  from  them  by  the 
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The  Muscles  in  thr  Sole  op  the  Foot. 

The  muBcleB  in  the  sole  of  the  foot  are  divisible  into  four  layers  placed  beneath 
the  plantar  fascia. 

First  laytT :  Abductor  hallucia,  flexor  brevte  digitorum,  abductor  miQimi  digiti. 

Second  layer:  Lumbricales  aod  acceaaoriuB,  together  with  the  tendons  of  the 
flexor  longus  hallucis  and  flexor  longue  digitorum. 


Third  layer 
minimi  digiti. 

Fourth  laym 

The  abdnct 
Bide  of  the  gre 
and  (2)  by  flee 
which  eovera  i1 
digitorum.  Ly 
inserted,  along  ' 
posterior  end  o 
plantar  fascia, 
Teasels  and  ner 

The  flexor 
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plantar  vessels  and  nerves,  they  occupy  the  hollow  of  the  tarsus  and  the  space 
between  the  first  and  fifth  metatarsal  bones;  their  deep  surfaces  are  in  contact 
with  the  adductors  of  the  great  toe  and  the  interoesei  muscles. 

The  flexor  brevis  hallucis  arises  by  tendinous  fibres  (1)  from  the  inner  pan  'il 
the  under  surface  of  the  cuboid  bone  (Fig.  302,  p.  386),  and  (2)  from  the  tencbn 
of  the  tibialis  posticus.  Directed  forwards  over  the  first  metatarsal  bone,  ihe 
muscle  separates  into  two  parts,  between  which  is  the  tendon  of  the  llexor  longiis 
hallucis.  Each  portion  gives  rise  to  a  tendon  which  is  inserted  into  the  curre- 
sponding  side  of  the  base  of  the  first  phalanx  of  the  great  toe ;  in  each  tend'>D, 
under  the  metatarso-phalangeal  articulation,  a  sesamoid  bone  is  developed.  The 
inner  tendon  is  united  with  the  insertion  of  the  abductor,  the  outer  tendon  witli 
the  insertions  of  the  adductor  muscles  of  the  great  toe. 

The  adduotorobliquus  hallucis  arises  by  fleshy  and  short  tendinous  fibre8(l)  from 
the  sheath  of  the  peroneus  longus,  and  (2)  frotii  the  plantar  surfaces  of  the  posterior 
extremities  of  the  second,  third,  and  Iburth  metatarsal  bones  (Fig.  302,  p.  33'J . 
Occupying  the  hollow  of  the  foot,  on  a  deeper  plane  than  the  long  flexor  tendocs 
and  lumbricales,  and  separated  from  the  interossei  by  the  plantar  arch,  it  is  plaieil 

OQ  the  outer  aide  of  the 
flexor  brevis  haUucis,aDd 
is  directed  obliquely  in- 
wards and  forwards,  to 
be  inserted  on  the  outer 
side  of  the  base  of  the 
first  phalanx  of  the  ^'reat 
toe  between  and  aiuni; 
with  the  flexor  brevisand 
adductor  transvertus 
f^  hallucis.  The  ran-^jle 
forms  one  side  of  a  tri- 
angular space  in  the  Mt 
through  which  the  ex- 
ternal plantar  vessels 
and  nerve  pass. 

The  adductor  tnuu- 

versus    hallucis    ansa 

from  (1)  the  capsules  oi 

Fio.  805.— iNTEBossBooa  MoBcLRs  OF  THK  Fooi.  thc  outcr  four  meUtar-<v- 

A,  Doruil  muscles  (planUr  aspect) ;  B,  Plnntnr  tnosclea  of  the  right  foot        phaliingeal    articulatinDS 

and  (2)  the  transverse 
metatarsal  ligament.  Directed  transversely  inwards,  under  cover  of  the  flexor 
tendons  and  lumbricales,  the  muscle  is  inserted,  along  with  the  addiitt-ir 
obliquus  (from  which  it  is  separated  by  an  angular  interval),  into  the  outer 
side  of  the  base  of  the  first  phalanx  of  the  great  toe. 

The  flexor  brevis  minimi  digiti  (m.  flexor  brevis  digit!  quinti)  aiisei 
from  (1)  the  sheath  of  the  peroneus  longus,  and  (2)  the  base  of  the  fifth 
metatarsal  bone  (Fig.  302,  p.  386).  Partially  concealed  by  the  abductor  mininu 
digiti,  the  muscle  passes  along  the  fifth  metatarsal  bone,  to  be  inserted,  in  comuiuD 
with  that  muscle,  into  the  outer  side  of  the  base  of  the  first  phalanx  of  the  little  toe. 

The  interossei  mascles  of  the  foot  resemble  those  of  the  hand  except  in  ime 
respect.  In  the  hand  the  line  of  action  of  the  muscles  is  the  middle  line  of  the 
middle  finger.  In  the  foot  the  second  toe  is  the  digit  round  which  the  musclesi  are 
grouped,  and  their  attachments  and  their  actions  differ  accordingly. 

There  are  four  dorsal  and  three  plantar  muscles,  which  occupy  together  the  four 
interosseous  spaces,  and  project  into  the  hollow  of  the  foot. 

The  four  dorsal  muscles,  one  in  each  interosseous  space,  arise  by  two  heads  each 
from  the  shafts  of  the  metatarsal  bones.  Each  gi^'es  rise  to  a  tendon,  wldch,  after 
passing  dorsal  to  the  transverse  metatarsal  ligament,  is  inserted  on  the  dorsum  of  the 
foot  into  the  side  of  the  first  phalanx,  the  metatarso-phalangeal  capsule,  and  the 
dorsal  expansion  of  the  extensor  tendon.     The  first  and  second  muscles  are  inserte-i 
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into  the  second  toe  on  the  tibial  and  fibular  sides  respectively.     The  third  and 
mrth  muscles  are  inserted  into  the  third  and  fourth  toes  on  their  fibular  sides. 

The  three  plantar  muscles  occupy  the  three  outer  interosseous  spaces.  Each 
arises  by  a  single  head  from  the  tibial  side  of  the  third,  fourth,  and  fifth  metatarsal 
bnes  respectively.  Each  ends  in  a  tendon  which  passes  dorsal  to  the  transverse 
metatarsal  ligament,  and  is  inserted,  in  the  same  manner  as  the  dorsal  muscles,  into 
the  third,  fourth,  and  fifth  toes  on  their  tibial  side. 


Nerve-Supply  op  the  Muscles  op  the  Leg  and  Foot. 


Muscles. 


Tibialis  anticus 

Extensor  proprius  hallucis 

Extensor  lougus  digitorum 

Peroneus  tertius     . 

Peroneus longus     . 

Peroneus  brevis 

Extensor  bi-evis  digitonini 

Plantaris 

Popliteus 

Gastrocnemius 

Soleus     .... 

Soleus     .... 

Flexor  longus  digitonmi 

Tibialis  posticus     . 

Flexor  longus  hallucis   . 

Abductor  hallucis  . 

Flexor  brevis  digitoruw 

Flexor  brevis  hallucis    . 

First  lumbricalis    . 

Second,  third,  and  fourth  lumbri- 

cales   .... 
Flexor  accessor!  us  . 
Adductores  hallucis 
Interossei 

Flexor  brevis  minimi  digiti 
Abductor  minimi  digiti 


Nerves. 


interior  tibial    . 

>  musculo-cutaneouB 
anterior  tibial    . 

tibial . 


posterior  tibial 


.internal  plantar 


external  plantar 


Origin. 


L.  4.  5.  S.  1. 


j  }l.  4.  5.  S.  1. 

|^!}S.  1.2. 

L.  5.  S.  1.  2. 
L.  5.  S.  1. 
L.  5.  S.  1. 
L.  5.  S.  1.  2. 

L.  4.  5.  S.  1. 


i 


S.  1.2. 


Action  op  the  Muscles  op  the  Leo  and  Foot. 

The  muscles  of  the  leg  and  foot  act  chiefly  in  the  movements  of  the  ankle-joint  (assisted  by 
niuvements  of  the  iuter-tarsal  joints) ;  of  the  metatarso-phalangeal  joints  (assisted  by  movements 
"f  the  tarao-metatarsal  and  inter-metatarsal  joints) ;  and  of  tn6  inter-phalangeal  joints  of  the 
i«rveral  toea 

I.  Tibio-Fibiilar  Articulations. — The  upper  tibio-fibular  articulation  is  only  capable  of 
flight  gliding  movement,  occasioned  by  the  action  of  the  biceps  and  popliteus  and  the  muscles 
arising  from  the  fibula. 

n.  Movements  at  the  Ankle-Joint. — The  movements  at  the  ankle-joint  are  movements  of 
tlfiion  and  extension  of  the  foot  on  the  leg,  along  with  inversion  and  eversion  (only  during 
titension).  These  movements  are  produced  at  the  ankle,  aided  by  movements  in  the  inter-tai-sal 
joint*,  and  are  occasioned  by  the  following  muscles : — 


a.  FlezioiL 


Tibialis  anticus 

Extensor  communis  digitorum 
Extensor  proprius  hallucis 
Peroneus  tertius 


28  a 


Extension. 


Gastrocnemius 

Plantaris 

Soleus 

Tibialis  posticus 

Peroneus  longus 

Peroneus  brevis 

Flexor  longus  digitorum 

Flexor  longus  hallucis 


h.  Inversion. 


Eversion. 


Tibialis  anticus    '  Peroneus  tertius 

Peroneus  longus 
Tibialis  posticus     Peroneus  brevis 
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ni.  Movements  of  the  Toes.— ^.  At  the  Metatarso-Fhalangeal  Joints  (assisted  br  move- 
ments at  the  tarso-metatarsal  and  inter- metatarsal  joints). — These  movements  are  flexion  and 
extension,  abduction  and  adduction  (in  a  line  corresponding  to  the  axis  of  the  second  toe). 


a.  Flezion. 

Eactoniion. 

Flexor  longus  digitorum 

Accessorius 

Lumbricales 

Flexor  longus  hallucis 

Flexor  brevis  hallucis 

Flexor  brevis  diptorum 

Flexor  brevis  mmimi  digiti 

Interossei 

Extensor  longus  digitorum 
Extensor  brevis  digitorum 
Extensor  proprius  hallucis 

h.  Abduction. 


Adduction. 


{From  and  to  the  middle  line  of  the  second  toe.) 


Abductor  hallucis 
Dorsal  interossei 
Abductor  minimi  digiti 


Adductores  hallucis 
Plantar  interossei 


B,  At  the  inter-phalangeal  joints  the  movements  are  limited  to  flexion  and  extension. 


Flexion. 


Flexor  brevis  digitorum  (acting  on  the  first 

joint) 
Flexor  longus    digitorum    {acting    on   both 

joints) 
Flexor  longus  hallucis  {acting  on  the  hallux) 


Extension. 


Extensor  longus  digitorum 

Extensor  brevis  digitorum 

Interossei 

Lumbricales 

Extensor  proprius  hallucis 


{acting  on  hoik 
joints) 


Movements  of  the  Lower  Limb  generally. 

The  characteristic  features  of  the  lower  limb  are  stabilitv  and  stren^h,  and  its  muscles  and 
joints  are  both  subservient  to  the  functions  of  transmission  oi  weight  and  of  locomotion.  In  the 
standinfir  position  the  centre  of  gravity  of  the  trunk  falls  between  the  heads  of  the  femora, 
and  is  located  about  the  middle  of  the  body  of  the  last  lumbar  vertebra.  It  is  transmitted 
through  the  bones  of  the  lower  limb  to  the  arch  of  the  foot,  where  the  astragalus  distributes  it 
backwards  through  the  os  calcis  to  the  heel,  and  forwards  through  the  tarsus  and  metatarsus  to 
the  baUs  of  the  toes. 

Locomotion. — The  three  chief  means  of  progression  are  walking,  running,  and  leaping,  lu 
walking,  the  body  and  its  centre  of  gravity  are  inclined  forwards,  the  trunk  oscillates  from  side 
to  side  as  it  is  supported  alternately  by  each  foot,  the  arms  swing  alternately  with  the  correspond- 
ing leg,  and  one  foot  is  always  on  the  ground.  The  act  of  progression  is  performed  by  the  leg, 
aided  in  two  ways  by  gravity.  The  movements  of  the  leg  are  as  follows  :  At  the  beginning  i»t 
a  step,  one  leg,  so  to  speak,  "  shoves  ofif ; "  the  heel  is  raised  and  the  limb  is  extended  By  the 
action  of  the  muscles  flexing  the  hip  and  knee-joint,  and  extending  the  ankle-joint  and  to&>,  thi5 
limb  is  raised  from  the  ground  sufficiently  to  clear  it,  and  passes  forwards  by  the  action  of 

gravity,  aided  by  the  force  given  to  the  movement  by  the  extensor  muscles.  After  paasin^  the 
ne  of  the  centre  of  gravity  the  flexion  of  the  joints  ceases,  the  muscles  relax,  ana  the  liiub 
gradually  returns  to  the  ground.  The  other  limb  then  passes  through  the  same  cvcle,  thewei£fht 
of  the  body  now  resting  on  the  limb  which  is  in  contact  with  the  ground.  As  the  foot  reacne:? 
the  ffround  it,  as  it  were,  rolls  over  it ;  the  heel  touches  it  first,  then  the  sole,  and  lastly,  as  the 
foot  leaves  the  ground  again,  only  the  toes.  In  mnning,  the  previous  events  are  all  exaggerateil 
The  time  of  the  event  is  diminished,  while  the  force  and  distance  are  increased.  Both  feet  are  off 
the  ground  at  one  time  ;  the  action  of  flexors  and  extensors  alternately  is  much  more  powerful,  >o 
that  on  the  one  hand  the  knees  are  drawn  upwards  to  a  greater  extent  in  the  forward  movement, 
and  not  the  whole  foot,  but  only  the  toes  reach  the  ground  in  the  extension  of  the  limb.  The 
attempt  is  made  to  bring  the  foot  to  the  ground  in  front  of  the  line  of  the  centre  of  gravity.  At 
the  same  time  the  trunk  is  sloped  forwards  much  more  than  in  walking.  In  leaping,  the  actions 
of  the  limbs  are  still  more  exaggerated.  The  movements  of  flexion  of  the  limb  are  still  inorv 
marked,  and  the  foot  reaches  the  ground  still  farther  in  front  of  the  line  of  the  centre  of  gravitv. 
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THE  FASCIA  AND  MUSCLES  OF  THE  BACK. 

THE  FASCIA  OF  THE  BACK. 

The  general  fascial  investmeatB  of  the  back  have  been  described  along  with  the 
superficial  muscles  associated  with  the  shoulder- girdle  (p.  318).  The  latissimue 
dorsi  muscle  has  been  described  as  arising  in  large  part  from  the  verteteal  apo- 
neuroms.  This  is  a  strong  fibrous  lamina  which  conceals  the  erector  spinse  muscle. 
In  the  loin  it  extends  from  the  spines  of  the  lumbar  vertebrae  outwards  to  the 
interval  between  the  last  rib  and  the  iliac  crest,  where  it  is  concerned  in  forming 
the  lnffl1>ar  foscia.  Below  the  loin  the  vertebral  aponeurosis  is  attached  to  the  iliac 
crest,  and  more  internally  blends  with  the  subjacent  tendinous  origin  of  the  erector 
spinic   The  fascia 

can    be    followed  RK:i«a  *bdo»,k„ 

upwards  over  the 
erector  spinro  in 
the  region  of  the 
tliordu,  wliere  it  ia 
attached  exter- 
nallj-  to  the  ribs  pj^j, 
and  is  continuous 
witli  the  inter- 
costal aponeur- 
osea  In  the  lower 
I>art  of  the  thorax 
it  is  replaced  by 
muscular  slips — 
theserratusposti-    ""tnr 

cua    inferior ;    in  ' 

the  upper  part  of 
the    thorax    it  , 

passes  beneath  the 
serratus  posticus 
superior       and  *< 

blends  with  the 
deep  cervical 
fascia. 

The    Inmbar 
bsda  isa  narrow  ^^^  sOS.-Tbanbvbrss  Sectiow  thkoooh  thb  Abdoimn,  oppowra  thb 

ligamentous  band  skcohd  Lcmb*b  Vkhtebr*. 

ffliich  connects 

the  last  rib  to  the  iliac  crest  between  the  muscles  of  the  back  on  the  one  hand  and 
those  of  the  abdominal  wall  on  the  other.  It  is  formed  by  the  union  of  three  fascial 
strata,  called  respectively  the  vertebral  apooenroais  or  posterior  layer,  just  described ; 
the  middle,  and  the  anterior  layers.  The  middle  layer  is  a  fascia  which  stretches 
outwards  from  the  ends  of  the  transverse  processcH  of  the  lumbar  vertebrre,  between 
the  erector  spinte  behind  and  the  quadratus  lumborum  muscle  in  front.  The  anterior 
Uyer  is  attached  to  the  lumbar  vertebrae  near  the  bases  of  their  transverse  processes. 
It  covers  the  front  of  the  quadratus  lumborum  muscle,  and  separates  it  from  the 
psoas.  The  psoas  foacia  is  continuous  at  the  outer  border  of  the  psoas  muscle  with 
the  anterior  layer  of  the  lumbar  fascia.  At  the  outer  borders  of  the  quadratus 
lumborum  and  erector  spinffi  muscles  the  three  layers  are  blended  together  to  form 
the  lumbar  fascia,  which  in  turn  gives  partial  origin  to  the  obliquus  internus  and 
traasversalis  abdominis  muscles. 
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THE  MUSCLES  OF  THE  BACK. 


The  muscles  of  the  back  are  arranged  in  four  series  according  to  their  attacii- 

menta:    (1)    vertebro- scapular    and   vertebro- humeral,    (2)    vertebro  -  costal,  (3, 

vertebro- cranial,   and    (4)   vertebral.      They   are   in   irregular   strata,   the  lhh 

superficial   muscles    having    the  most 

widely  spread  attauhmeuta. 

The  first  series  of  muscles  of  the 
back,  connecting  the  axial  skeleton  U 
the  upper  limb,  have  already  hvB 
described.  They  are  arranged  in  tnn 
layers;  (1)  trapezius  and  latissimu* 
dorsi  superficially ;  (2)  levator  aD[:nli 
scapulffi,  and  rhomboidei,  beueath  ill'- 
'*'  trapezius. 

The  remaining  muscles  are  aliu<^«[ 
entirely  axial,  and  may  be  divided 
according  to  position,  into  four  groiiips: 
(1)  serrati  postici,  superior  and  iuferiur, 
spleniua  capitis  and  splenius  colli :  ll 
erector  epinse  and  complexiis;  (3)  truov 
verso-spinales  (semispinalis  and  mulii- 
fiduB  spinie) ;  and  (4)  the  small  deti. 
*'  muscles  (rotatores,  interspinales,  inter- 

tranaversales,  and  suboccipital  muBclt>9 . 

First  Group,  i 

The  serratQB  posticus  saperior 
has  a  membranous  origin  from  the  Uj.m- 
mentum  nuchas  and  the  spines  of  tlie 
laat  cervical  and  upper  three  or  fnnr 
thoracic  vertebiEe.  It  is  directed  ob- 
liquely downwards  and  outwards,  to  be 
"*  inserted  byeeparate  slips  into  the  set-uoJ, 

third,  fourth,  and  fifth  ribs.  The  musilt- 
ia  concealed  by  the  vertebro-seapidar 
muscles,  and  crosses  obliquely  l\n- 
splenius,  erector  spinic,  and  comple.tu.-;. 
It  lies  superficial  to  the  vertebral 
aponeuroaia,  I 

The  aerratns  posticas  inferior  hif- 

a     membranous    origin     through    the 

medium   of  the  vertebral  aponenroji? 

from  the  laat  two  thoracic  and  first  l»'< 

lumbar  spinous  processes.    It  formsfmir 

muscular    bands    which    pass    almost 

horizontally  outwarda  to  an  insertion 

into  the  last  four  ribs.     The  muscular 

slips  overlap  one  another  from  bilo« 

upwards.     The  muscle  is  on  the  same 

plane  as  the  vertel)ral  aponeurosis,  ami 

is  concealed  by  the  latissimus  dorsi. 

The  splenias  mnsclfl  is  a  broad,  flattened  band  which  occupies  the  back  of  the 

neck  and  the  upper  part  of  the  thoracic  region.    It  arises  from  the  ligameutum  niicli.i- 

(from  the  level  of  the  fourth  cervical  vertebra  downwards)  and  from  the  spini>us 

processes  of  the  last  cervical  and  higher  (four  to  aix)  thoracic  vertebrse.     Its  tibrw 

extend  upwards  and  outwards  into  the  neck,  separating  in  their  course  into  an 

upper  and  a  lower  part.     The  upper  part  forms  the  splenius  capitis,  which  i? 

inserted  into  the  mastoid  process  and  the  outer  part  of  the  superior  curved  line  <■'■ 


THE  MUSCLES  OF  THE  BACK.  393 

ihe  occipital  bone  (Fig,  312,  p.  397).  The  lower  part  forma  the  splenius  colli 
iir  cervifOB,  which  is  iiuerted  into  the  posterior  tubercles  of  the  transverae  processes 
of  the  upper  three  or  four  cervical  vertehrte,  behind  the  origin  of  the  levator 
anguli  scapulffi.  The  muscle  ia  partially  concealed  by  the  trapezius  and  stemo- 
Qiustoid,  and  appears  between  them  in  the  Soor  of  the  posterior  triangle  of  the 
neck  (splenius  capitis).  It  is  covered  by  the  rhomboid  muscles,  levator  anguli 
^^^pulse,  and  serratus  posticus  superior.  It  conceals  the  tranaveraalis  cervicis, 
trachelo-masloid,  and  complexus  muscles. 

Second  Urodp. 

The  erector  spuiiS  (tn.  sacro-spinalis)  possesses  vertebral,  vertebro-cranial,  and 
tertebro-costal  attachments.  It  consists  of  an  elongated  mass  composed  of  separated 
slijis  extending  from  the  sacrum  to  the  ekulL  Simple  at  its  origin,  it  becomes 
m<ire  and  more  complex  as  it  is  traced  upwards  towards  the  head.  It  arises  (1)  by 
fleshy  fibres  from  the  iliac  crest ;  (2)  from  the  posterior  sacro-iliac  ligament ;  and 
■i  by  tendinous  fibres  continuous  with  the  former  from  the  iliac  crest,  the  back  of 
the  sacrum,  and  the  spines  of  the  upper  sacral  and  all  the  lumbar  vertebriE.  Its 
fibres  extend  upwards  through  the  loin,  enclosed  between  the  posterior  and  middle 
layers  of  the  lumbar  fascia,  and  separate  into  two  columns — an  outer  portion 
derived  from  the  external  fleshy  origin,  the  Uio-costalis,  and  an  inner  portion  com- 
]>ri^ing  the  remaining  larger  part  of  the  muscle,  the  longissimtiB  dorsi. 

The  ilio-costalis  (m.  ilio-costalis  lumborum)  is  inserted  by  six  slender  slips  into 
the  lower  six  ribs. 

loiernal  to  the  insertion  of  each  is  the  origin  of  a  slip  of  the  accesaorius  muscle 


in.  ilio-costalis  dorsi),  which,  arising  from  the  lower  six  ribs  internal  to  the  ilio- 
tostalis,  is  inserted  in  line  with  it  by  similar  slips  into  the  upper  six  ribs. 

The  corvioalis  &ecendens  (m.  ilio-costalis  cervicis)  arises  in  the  same  way  by 
Bix  slips  from  the  upper  six  ribs,  internal  to  the  insertions  of  the  accessorius.  It 
forms  a  narrow  band,  which,  extending  into  the  neck,  is  inserted  into  the  posterior 
tubercles  of  the  transverse  processes  of  the  fourth,  fifth,  and  sixth  cervical  vertebrae, 
t-ehind  the  scalenus  posticus.  The  ilio-costaUs,  accessorius,  and  cervicalis  ascendens 
fonn  together  a  continuous  muscular  column,  and  constitute  the  outermost  group 
of  the  component  elements  of  the  erector  spinEe. 

The  longiflBimna  dorsi  is  the  largest  element  in  the  erector  spinee  muscle. 
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With  its  cervical  prolongations- — the  transversalis  cervicia  and  trachelo-mastoid— 
it  forniB  the  middle  column  of  the  ertictor  spinte.  Mostly  tendinous  on  the  surfaw 
at  its  origin,  it  becomes  Heahy  iu  the  upper  part  of  the  loin.  It  is  thickest  in  the 
loin,  and  becomes  thinner  as  it  passes  upwards  in  the  back  between  the  eoluma 
formed  by  the  ilio-coatalis,  etc.,  externally,  and  the  spinalis  dorsi  internally.  It 
is  insertsd  by  two  series  of  slips,  inner  and  outer,  externally  into  nearly  all  thi; 


Middle  liycr 
Vertobnl  ■ 


Vartebnl  sponeiiK 


Fio.  SOS.— Debpeb  MuaoLM  OF  the  Back. 

ribs,  and  internally  into  the  transverse  processes  of  the  thoracic  and  the  accessory 
processes  of  the  upper  lumbar  vertebree.  It  is  prolonged  upwards  into  the  oevV 
by  its  association  with  the  comnion  origin  of  two  muscles,  the  transversalis  cervici.' 
and  the  traclielo- mastoid. 

The  trauBversalis  oervicis  (m.  longissimus  cervicis)  haa  an  orifia  from  the 
transverse  processes  of  the  upper  six  thoracic  vertebra;,  internal  to  the  insertinns 
of  the  longissimus  dorsi.     Extending  upwards  into  the  neck,  it  is  iaMrtad  into  the 
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posterior  tubercles  of  the  transverse  processes  of  the  second,  third,  fourth,  fifth, 
and  sixth  cerviccd  vertebrae.  It  lies  in  the  neck,  underneath  the  cervicahs  ascendens 
and  splenius  colli  muscles. 

The  traohelo- mastoid  (m.  longissimus  capitis)  arises,  partly  by  an  origin 
common  to  it  and  the  previous  muscle,  from  the  transverse  processes  of  the  upper 
six  thoracic  vertebrae,  and  partly  by  an  additional  origin  from  the  articular  pro- 
cesses of  the  lower  four  cervical  vertebrae.  Separating  from  the  transversalis 
eervicis,  the  muscle  ascends  through  the  neck  as  a  narrow  band  which  is  inserted 
into  the  mastoid  process  beneath. the  splenius  capitis  muscle.  In  the  neck  the 
muscle  is  placed  between  the  splenius  capitis  and  complexus. 

The  spinalis  dorsi  forms  the  innermost  column  of  the  erector  spime.  It 
occupies  the  thoracic  portion  of  the  back,  and  arises  by  tendinous  fibres  from  the 
lower  two  thoracic  and  upper  two  lumbar  spinous  processes,  and  also  directly  from 
the  tendon  of  the  longissimus  dorsi.  It  is  a  narrow  muscle  which,  lying  close  to 
the  thoracic  spinous  processes  internal  to  the  longissimus  dorsi  and  complexus,  is 
inserted  into  the  upper  (four  to  eight)  thoracic  spines.  This  muscle  is  not  prolonged 
into  the  neck.     It  partially  covers  the  semispinalis,  dorsi,  and  colli. 

The  erector  spin®  muscle  is  bound  down  by  the  vertebral  aponeurosis,  and 
is  concealed  by  the  more  superficial  muscles  (sterno- mastoid,  trapezius,  levator 
anguli  scapulae,  rhomboids,  splenius,  serrati  postici).  It  covers  the  ribs  posteriorly, 
and  partially  conceals  the  semispinales  and  complexus  muscles. 

The  complexus  muscle  (m.  semispinalis  capitis)  closely  resembles  in  position 
and  attachments  the  trachelo-mastoid.  It  takes  origin  by  tendinous  slips  from  the 
transverse  processes  of  the  upper  six  thoracic  and  the  articular  processes  of  the 
lower  four  cervical  vertebrae,  internal  to  the  transversalis  eervicis  and  trachelo- 
mastoid.  It  has  an  additional  origin  also  from  the  spinous  process  of  the  last 
cervical  vertebra.  It  forms  a  broad  muscular  sheet  which  extends  upwards  in  the 
neck,  to  be  inserted  by  fieshy  and  short  tendinous  fibres  into  the  inner  impression 
between  the  superior  and  inferior  curved  lines  of  the  occipital  bone  (Fig.  312, 
p.  397).  The  inner  portion  of  the  muscle  is  separate,  and  forms  the  biventer 
eervicis,  consisting  of  two  fleshy  bellies  with  an  intervening  tendon,  placed  vertically 
in  contact  with  the  ligamentum  nuchae.  The  insertion  of  the  muscle  is  crossed  by 
the  occipital  artery.  The  complexus  is  covered  mainly  by  the  splenius  and 
trachelo-mastoid  muscles.  It  conceals  the  semispinalis  colli  and  the  muscles  of 
the  suboccipital  triangle,  along  with  the  accompanying  vessek  and  nerves. 

Third  Group. 

This  group  comprises  the  semispinales  and  multifidus  spinae. 

These  muscles  are  only  incompletely  separate  from  one  another.  The  semi- 
spinales, dorsi,  and  colli,  form  a  superficial  stratum,  the  multifidus  spinae  being  more 
deeply  placed.  The  more  superficial  muscles  have  the  longer  fibres ;  the  fibres  of  the 
multifidus  spinae  pass  over  fewer  vertebrae.  Both  muscles  extend  obliquely  upwards 
from  transverse  to  spinous  processes. 

The  semispinaliB  muscle  extends  from  the  loin  to  the  axis  vertebra.  Its 
fibres  are  artificially  separated  into  an  inferior  part,  the  semispinalis  dorsi,  and 
a  superior  part,  the  semispinalis  colli. 

The  semispinalis  dorsi  arises  from  the  transverse  processes  of  the  lower  six 
thoracic  vertebrae.  It  is  inserted  into  the  spinous  processes  of  the  last  two  cervical 
and  first  four  thoracic  vertebrae. 

The  semispinaJis  colli  or  eervicis  arises  from  the  transverse  processes  of  the 
upper  six  thoracic  vertebrae  and  the  articular  processes  of  the  lower  four  cervical 
vertebrae.  It  is  inserted  into  the  spines  of  the  cervical  vertebrae  from  the  second  to 
the  fifth.  The  semispinalis  muscle  occupies  the  vertebral  furrow,  and  is  concealed 
by  the  erector  spinae  and  complexus ;  it  covers  the  multifidus  spinae  muscle.  It  is 
on  the  same  plane  as  the  muscles  of  the  suboccipital  triangle. 

The  multifidus  spinSB  differs  from  the  previous  muscle  in  extending  from  the 
sacrum  to  the  axis,  and  in  the  shortness  of  its  fasciculi,  which  pass  over  fewer 
vertebrae  to  reach  their  insertion.     It  arises  from  the  sacrum,  from  the  posterior 
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sacro-iliac  ligament  (Fig.  311,  p.  396),  from  the   mammillary  processes   of  the 


E  Sacbch  (Poateriar  Anpect). 
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lumbar  vertebrse,  from  the  transverse  processes  of  the  thoracic  vertebrse,  and  from 
[he  articular  processes  of  the  lower  four  cervical  vertebrse.  It  is  inserted  iuto  the 
^ifiioes  of  the  vertebrae  up  to  and  including  the  axis.  Lying  in  contact  with  the 
vertebral  lamime,  the  muscle  is  covered  in  the  back  and  neck  by  the  semispinalis, 
aod  in  the  loin  by  the  erector  spinte  muscle. 

Fourth  Group. 

This  group  includes  several  sets  of  small  muscles,  which  are  vertebro-cranial  or 

inter- vertebral  in  their  attachments. 

The  muscles  bounding  the  suboccipital  triangle  are  four  in  number — obliquus 
inferior,  obliquus  superior,  rectus  capitis  posticus  major,  aod  rectus  capitis  poaticua 

These  muscles  are  concealed  by  the  complexus  and  spleniua  capitis ;  they  enclose 
A  triangular  space  (the  suboccipital  triangle)  in  which  the  vertebral  artery, 
the  posterior  primary  division  of  the  suboccipital  nerve,  and  the  posterior  aixih  of 


Fiu.  312  — MrscLE-ArTACHllENTa  TO  Occipital  Biine  (Inferior  Surface), 

lilt-  iitlas  are  contained.  The  obliquus  inferior  is  separated  from  the  semispinalis 
muscle  by  the  great  occipital  (second  cervical)  nerve. 

The  obliquus  inferior  arises  from  the  spine  of  the  ajcis,  and  is  inserted  into  the 
iraiisverse  process  of  the  atlas. 

The  obliquDB  superior  arises  from  the  transverse  process  of  the  atlas,  and  is 
inserted  into  the  occipital  bone  beneath  and  external  to  the  complexua  and  above 
the  inferior  curved  line  (Fig.  312,  p.  397). 

The  rectus  capitis  posticus  major  arises  from  the  spine  of  the  axis,  and  is 
inserted  into  the  occipital  bone  beneath  the  obliquus  superior  and  complexua,  and 
Wuw  the  inferior  curved  line  (Fig.  312,  p.  397). 

The  rectus  capitis  posticus  minor  arises  beneath  the  previous  muscle  from  the 
"pine  of  the  atlas,  and  is  inserted  into  the  occipital  bone  below  the  inferior  curved 
line  internal  to  and  beneath  the  rectus  capitis  posticus  major  (Fig,  312,  p.  397). 

The  rotatores  dorsi  are  eleven  pairs  of  small  muscles  occupying  the  vertebral 
groove  in  the  thoracic  region,  beneath  the  transverso-spinales,  of  which  tliey  form 
the  deepest  fibres.  Each  consists  of  a  small  slip  arisiAg  from  the  transverse  process, 
and  inserted  into  the  lamina  of  the  vertebra  directly  above. 
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The  inter-spinalea  are  bands  of  muscular  fibres  connecting  together  the  spinous 
processes  of  the  vertebrae. 

The  inter-transversales  are  slender  slips  extending  between  the  transverse 
processea  They  are  double  in  the  neck,  the  anterior  divisions  of  the  spinal  nerves 
passing  between  them. 

The  rectus  capitis  lateralis,  extending  from  the  transverse  process  of  the  atUs 
to  the  jugular  process  of  the  occipital  bone  (Fig.  312,  p.  397),  is  homologous  with 
the  posterior  of  the  two  inter-transverse  muscles.  In  the  loin  the  inter-transversales 
muscles  are  usually  double,  but  they  are  often  absent,  or  are  replaced  by  membrane, 

Nerve-Supply. 

With  the  exception  of  the  vertebro- scapular  and  vertebro- humeral  miuclee  (trapeziaa, 
latissimus  dorsi,  levator  anguli  scapulae,  rhomboidei,  p.  318),  the  muscles  of  the  back  are  all 
supplied  by  the  posterior  primary  divimons  of  the  spinal  nerves.  In  the  upper  part  of  the  trank 
the  muscles  are  supplied  mainly  by  the  external  branches ;  in  the  lower  part  chiefly  by  the 
internal  branches  of  the  nerves.  In  the  cervical  and  sacral  regions  a  limited  plexiform  arrange- 
ment of  the  nerves  occurs  {posterior  cervical  and  posterior  sacral  pUxtLses). 

Actions. 

The  action  of  these  muscles  is  extremely  complex.  Not  only  do  they  act  on  the  spinal 
column,  ribs,  head,  and  pelvis,  in  conjunction  with  other  muscles,  but  some  of  them  act  also  in 
relation  to  the  movements  of  the  limbs  as  welL  In  this  section  will  be  given  an  analysis  of  their 
movements  in  relation  to  the  spinal  column,  head,  and  pelvis.  The  movements  of  the  limbs  and 
of  the  ribs  (respiration)  are  dealt  with  in  other  sections.  The  chief  muscles  are  engaged  in  pit- 
serving  the  erect  position,  and  in  the  movements  of  the  trunk  they  are  assisted  in  laige  measuK 
by  muscles  whose  chief  movements  are  referred  to  elsewhere. 

1.  Movements  of  the  Spinal  Golmnn. — The  movements  of  the  vertebral  column  are  flexion, 
extension,  and  lateral  movement  or  rotation.  These  movements  occur  in  all  regions — ^ne«'k^ 
thorax,  and  loin  ;  flexion  and  extension  and  lateral  movement  are  most  Umited  in  the  r^on  C'f 
the  thorax  ;  while  rotation  is  most  limited  in  the  region  of  the  loin. 


a.  Flexion      and      Extension. 

Longus  colli 

Serrati  postici 

Rectus  capitis  anticus  major 

Splenius  capitis 
Splenius  colli 

Scaleni  antici  (together) 
Psoas  magnus  and  parvus 

£rector  spinse 

Levator  ani 

Semispinalis  dorsi 

Ischio-coccygeus 

Semispinalis  colli 
Complexus 

Sphincter  ani  extemus 

Multifidus  spinas 

Rectus  abdominis 

Interspinales 

Pyramidalis  abdominis 
Obliquus  extemus  abdominis 

Intercostal  muscles 

Obliquus  intemus        „ 

Diaphragm 
Triangularis  stemi 

Transversalis                „ 

b.  Lateral  Moyement  (Rotation). 

• 

Levator  angiili  scapulae 

Rectus  capitis  anticus  major 

Serrati  poetici 

Scaleni,  anticus,  medius,  posticus 

I 

Splenius  colli 

Psoas  (magnus  and  parvus) 

1 

Erector  spinte 

Quadratus  lumborum 

Complexus 

Obliquus  extemus  abdominis 

Semispinalis 
Multindus  spinae 

Obliquus  intemus          „ 

Transversalis                 „ 

Rotatores  dorsi 

Rectus                            „ 

Inter-transversales 

Pyramidalis                   „ 

Longus  colli 

2.  Movements  of  the  Head. — The  movements  of  the  head  are  flexion  and  extension,  at  the 
occipito-atlantoid  articulation ;  lateral  movement  and  rotation  at  the  atlanto-axial  joint 
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a.  Flexion      and      Ezteniion. 


Digastric 

Stylo-hyoid 

Stylo-pnaryngeus 

Mylo-hyoia 

Hyo-gloeeus 

Stemo-hyoid 

Stemo-thyroid 


Stemo-mastoid 

Splenius  capitis 

Trachelo-mastoid 

Complexus 

Obliquus  inferior 

Recti  capitis  postici  (major  and  minor) 


Omo-hyoid 

Recti  capitis  antici  (major  and  minor)     j 

{the  mtucles  of  both  aides  acting  together) 


b.  Lateral  Movement. 


Stemo-mastoid 
Splenius  capitis 
Trachelo-mastoid 
Complexus 
Obliquus  superior 
Rectus  capitis  lateralis 


e,  Botation. 

Stemo-mastoid 
Splenius  capitis 
Trachelo-mastoid 
Complexus 
Obliquus  inferior 
„        superior 
Recti  capitis  postici  (major  and  minor) 


Movements  of  the  Pelvis. — The  movements  of  the  pelvis  (as  in  locomotion)  are  partly 
caused  by  certain  of  the  muscles  of  the  back.  Those  muscles,  which  are  attached  to  the  spinal 
column  or  the  ribs  on  the  one  hand,  and  to  the  innominate  bone  on  the  other,  produce  the 
moTementB  (flexion,  extension,  and  lateral  movement)  of  the  whole  pelvi&  In  addition,  the 
muscles  passing  between  the  innominate  bone  and  femur,  in  certain  positions  of  the  lower  limb, 
assist  in  these  movementa 


a.  Extension      and      Flexion. 


I^tissimus  dorsi 

Erector  spinse 

Multifidus  spines  (acting  on  both  sides) 


Psoas  magnus  and  parvus 

Rectus  abdominis 

Pvramidalis  abdominis 

Obliquus  extemus  abdominis 

Obliquus  intemus        „ 

Transversalis  abdominis  (acting  on  both 

sides) 
Pyriformis 
Glutei 

Obturator  (extemus  and  intemus) 
Sartorius 

Tensor  fascisB  femoris 
Iliacus 

Rectus  femoris 
Adductors  (in  the  erect  position) 


I  b.  Lateral  Movement. 

Flexors  and  extensors  of  side  only  |  Quadratus  lumborum 
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FASCIA. 

The  superflcial  fascia  of  the  head  and  neck  possesses  certain  features  of  special 
interest.  Over  the  scalp  it  is  closely  adherent  to  the  skin  and  subjacent  epicranial 
aponeurosis,  and  contains  the  superficial  vessels  and  nerves.  Beneath  the  skin  of 
the  eyelids  it  is  loose  and  thin  and  contains  no  fat.  Over  the  face  and  at  the 
side  of  the  neck  it  is  separated  from  the  deep  fascia  by  the  facial  muscles  and 
the  platjsma  myoides.  In  the  hollow  between  the  buccinator  and  the  masseter 
it  is  continuous  with  a  pad  of  fat  {suctorial  pad)  occupying  the  interval  between 
these  muscles. 
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The  deep  fascia  of  the  head  and  neck  presents  many  remarkable  characters. 
Over  the  scalp  it  is  represented  by  the  epicranial  aponeurosis,  the  tendon  of  tli>^ 
occipito- frontalis  muBcle,  This  is  a  tough  membrane,  tightly  stretched  over  the 
calvarium,  from  which  it  is  separated  by  loose  areolar  tissue.  It  is  atlacheil 
posteriorly,  partly  through   the  agency  of  the  occipitalis  muscle,  to  the  superior 

curved  lice  of  the  (c- 
IV  s  \  s'v  7\  ram  i  m  i8  i  li  r  ir  /  lu  cipital  bone;  anteriorly 
it  joins  the  fronulis 
muHcle  and  the  orbicu- 
laris palpebrarum,  am! 
has  no  bony  attachment ; 
laterally  it  is  attuchiii 
to  the  temporal  rid<;e 
and  the  mastoid  proct- ^n. 
Below  the  teuiponti  ridj.'i' 
it  is  continuous  with  tlie 
temporal  fiucia,  a  »tout 
layer  of  fascia  atLache<i 
to  the  teiaporal  rid^e 
and  zygomatic  an.'li. 
which  covers  and  give" 
origin  to  the  teiiii>orJ 
muscle.  This  fascii 
separates  into  two  laveis 
aljove  the  zygoma.  \» 
enclose  a  quantity  of  Ui 
along  with  brauches  of 
the  temporal  and  urbilul 
arteries.  On  the  fatr 
4i  14  ^^H    ''^^  fascia  is  practically 

^j  non-existent  anteriorly 
in  relation  to  the  facial 
muscles.  I'osteriorly  it 
forms  the  thin  nuuaeteric 
fiucia,  and  is  mmb 
thicker  in  relatioD  to 
the  parotid  gland,  f<ir 
which  it  forma  a  capsula 
In  the  neck  the  devy 
fascia  invests  the  muaclfN 
and  forms  aponeurotii' 
coverings  f or  t  he  pliary  n  .v . 
trachea,  cesophayuir, 
glands,  and  large  vea^t^ls. 
It  enclosea  the  stermv 
mastoid  muscle,  and  can 
idi  be  traced  backwards  over 
ivrtfbw.  jjjQ    posterior     trian^'lf 

to  the  trapezius  and  deeper  muscles,  which  it  surrounds ;  it  can  be  traced  forwanls 
over  the  anterior  triangle  to  the  middle  line  of  the  neck,  where  it  ioniis  a 
continuous  inembraoe.  Above  the  sternum  the  fascia,  after  enclosing  the  sterim- 
mastoid  muscles,  is  attached  in  the  form  of  two  layers  to  the  front  and  back  of  th>> 
episternal  notch.  The  layer  enclosing  the  infrahyoid  muscles  passes  across  the 
middle  line  of  the  neck  in  front  of  the  trachea,  and  is  attached  above  to  the  byoid 
bone.  Iwlow  to  the  sternum,  clavicle,  and  first  rib.  A  third  layer  of  fascia  pastes 
inwards  in  front  of  the  trachea,  enclosing  tlie  thyroid  body.  Beneath  the  steru'i- 
mastoid  the  fascia  helps  to  form  the  carotid  sheath,  which  ia  completed  by  septal 
processes  stretching  inwards  across  the  neck  in  relation  to  the  infrahyoid  muscli^. 
trachea,  ossophagus,  and   pharynx,  and    tlie  prevertebral  muscles.     The   trachea. 


FlQ.  813.— THANaVBRBE    SBCTfOM    IN 

THt  CeBVICAL  RBOIOM   (In 

fourth  and  fifth  . 

cervical  verlebnt). 

1,   CmfO-TBTROm  ■I'BCIJ!. 

i.  Ptarrni. 

4.  CricoUl  unlli)^. 

«:  l™'^'£m'J,..,. 

«.'  THYi«i.AiirTi3inin  Mrijcu. 

r.  ThymkI  c»rtl1»Ke. 

i!.   SpLIlill.T|l  COUJ*  "*"*' 

S.  GlutU«. 

9S.  TB.1.8.iai»*Lt-<-Bl!VIC18 

34.   TR.CHCL0.1..CTt.lD. 

U.  t>>lii>l  uarve. 

87,  PrafQiiil.  wrvWM  reiu. 

HlThyroMbgdy.* 

g«:  MuLim'S'/iMse,""'* 

Ifi.  Coiuinuii  Mmliii  mtery. 

le.  l>e«ni<lcii>  liypORLoHl  attit. 

IT.  Sre«m-».™^.'«:LL. 

IIL  Iiit«iialjiit|uliirvi>iu. 

13.    TlMPEITia. 

4^>.  tXe  of  lOuith  conical  i 

gaa'aj™ 

W.  Laniiraiofllftheeniaili 

tK  S]>Ln>l  coni: 

*4.    Rl!CTf»C*MrlK«!lT1CU8  1l*JOI.. 

I.  L>iHc  bnvr««n  roiirtb  Ell 
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<je!5ophagus,  and  pharynx,  are  likewise  encapsuled  in  cervical  fascia,  a  septal  layer 
passing  across  the  middle  line  of  the  neck  between  the  trachea  and  oesophagus. 
Lastly,  a  strong  pneyertebral  fascia  passes  across  the  neck  in  front  of  the  pnevertebral 
muscles,  and  behind  the  oesophagus  and  pharynx. 

The  cervical  fascia  is  attached  above  to  the  bones  of  the  skull :  superficially  to 
the  superior  curved  line  of  the  occipital  bone,  the  mastoid  process,  the  zygoma 
(over  the  parotid  gland),  and  the  lower  border  of  the  mandible  ;  more  deeply  to  the 
styloid  and  vaginal  processes  of  the  temporal  bone,  the  great  wing  of  the  sphenoid 
and  the  basilar  process.  This  deeper  attachment  (prcevertebral  fascia)  is  behind  the 
parotid  gland  and  pharynx,  and  is  associated  with  the  formation  of  three  ligaments : 
Btylo-mandibnlar  ligament,  internal  lateral  ligament  of  the  lower  jaw,  and  pterygo- 
spinous  ligament.  The  fascia  is  attached  below,  through  its  muscular  connexions,  to 
the  sternum,  first  rib,  clavicle,  and  scapula.  By  means  of  its  connexion  with  the 
trachea  and  the  conmion  carotid  artery  it  is  carried  down  behind  the  first  rib  into 
the  superior  mediastinum,  and  so  becomes  continuous  with  the  pericardium. 
By  means  of  its  connexion  with  the  subclavian  vessels  and  brachial  nerves  it  is 
carried  down  to  the  axilla,  as  the  subclavian  sheath,  which  becomes  connected  with 
the  costo-coracoid  membrane. 

THE  MUSCLES  OF  THE  HEAD. 

The  muscles  of  the  head  are  divisible  into  three  separate  groups  with  very 
different  relations  and  uses — ^viz.,  superficial  muscles,  muscles  of  the  orbit,  and 
muscles  of  mastication. 

Superficial  Muscles. 

The  superficial  muscles  comprise  a  large  group,  including  the  muscles  of  the 
scalp  and  face,  and  the  platysma  myoides  in  the  neck. 

The  platysma  myoides  is  a  thin  quadrilateral  sheet  extending  from  chest  to 
face  over  the  side  of  the  neck,  between  the  superficial  and  deep  fascise.  It  arises 
from  the  deep  fascia  of  the  pectoral  region  and  the  clavicle.  It  is  directed 
upwards  and  forwards,  and  is  partly  inserted  (by  its  intermediate  fibres)  into  the  lower 
border  of  the  mandible,  becoming  connected  with  the  depressor  labii  inferioris  and 
depressor  anguli  oris  muscles  (Fig.  319,  p.  407).  The  more  anterior  fibres  pass 
across  the  middle  line  of  the  neck  and  decussate  for  a  variable  distance  below  the 
chin  with  those  of  the  opposite  side.  The  posterior  fibres  sweep  over  the  angle  of 
the  jaw  and  become  continuous  with  the  nsorius  muscle.  The  platysma  myoides 
is  the  rudiment  of  the  cervical  portion  of  the  panniculus  camosus  of  lower  animals, 
in  which  it  has  a  much  more  intimate  connexion  with  the  muscles  of  the  face  than 
is  usually  the  case  in  man. 

The  Muscles  of  the  Scalp. 

The  muscles  of  the  scalp  comprise  the  muscles  of  the  external  ear  and  the 
OGcipito-frontalis  muscle. 

The  occipito-frontalis  is  a  muscle  with  two  bellies  and  an  intervening  tendon 
(the  epicranial  aponeurosis)  which  stretches  uninterruptedly  across  the  middle  line  of 
the  cranium.  The  posterior  belly  (occipitalis)  arises  as  a  broad  flat  band  from  the 
outer  two- thirds  of  the  superior  curved  line  of  the  occipital  bone.  The  anterior 
beUy  (frontalis)  has  no  bony  attachments ;  arising  from  the  epicranial  aponeurosis 
about  the  level  of  the  coronal  suture,  it  passes  downwards  to  the  supra-orbital 
arch,  where  it  blends  with  the  orbicularis  palpebrarum  and  corrugator  supercilii 
muscles.  It  extends  across  the  full  width  of  the  forehead,  and  blends  in  the 
middle  line  with  the  muscle  of  the  opposite  side. 

The  epicranial  aponeurosis,  extending  between  the  two  fleshy  bellies,  is  a  con- 
tinuous membrane  which  glides  over  the  calvarium,  and  has  attachments  laterally 
to  the  temporal  ridge,  and  behind,  between  the  posterior  bellies,  to  the  superior 
curved  line  of  the  occipital  bone.  It  has  no  osseous  attachment  anteriorly.  The 
occipito-frontaUs  is  usually  rudimentary.  By  the  contraction  of  the  fibres  of  the 
frontalis  muscle  the  skin  of  the  forehead  is  thrown  into  horizontal  parallel  folds. 
29 
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The  eztrinaic  moacles  of  the  ear  are  three  in  number :  retrahens,  attollens, 
and  attrahens  aurem. 

The  retrahens  aurem  (m.  aurlcularia  poeterior)  ia  a  narrow  fleshy  slip  which 
arises  from  the  surface  of  the  mastoid  process  and  is  inserted  into  the  deep  ^urra<:e 
of  the  pinna.  It  bridges  across  the  groove  between  the  mastoid  process  and  the 
pinna,  and  conceals  the  posterior  auricular  vessels  and  nerve. 

The  attoUeos  aurem  (m.  auricularis  superior)  is  a  small  fan-shaped  muscle 
which  arises  irom  the  temporal  fascia,  and  descends  to  be  inserted  into  the  top  of 
the  root  of  the  pinna. 

The  attrahens  aurem  (m.  auricularis  anterior)  is  a  similar  small  muscle,  placed 
in  front  of  the  attollens,  and  stretching  obliquely  between  the  temporal  fascia  and 
the  top  of  the  root  of  the  pinna. 

Epicnnial  iponeiuoili       AmtAHEHB  mtkih 


Fio.  314.— Thm  Mdboles  of  tbi  Pack  and  Soalf  (muiclcs  ot  eipnuion). 

These  two  muscles  conceal  branches  of  the  temporal  vessels  as  they  lie  on  th« 
temporal  fascia. 

The  ear  muscles  are  rudimentary  and  usually  functionless. 

The  Muscles  of  the  Face. 

The  facial  muscles  are  divided  into  three  groups,  associated  with  the  several 
apertures  of  the  eye,  nose,  and  mouth. 

1.  The  muBClea  of  the  eyelids  include  four  muscles :  the  levator  palpebni- 
superioris  (described  with  the  orbital  muscles),  orbicularis  palpebrarum,  tensor  tarsi, 
and  corrugator  supercilii. 

The  orbiculuifi  palpebrarum  (m.  orbicularis  oculi)  is  a  transversely  oral 
sphincter  muscle  surrounding  and  occupying  the  eyelids.  It  is  divisible  into  ai» 
external  portion  (pars  orbi  talis)  composed  of  coarse  fibres,  spreading  on  to  the  forehwd. 
temple,  and  cheek,  and  an  internal  portion  (pars  palpebvalis),  compneed  of  finer 
fibres,  situated  beneath  the  skin  of  the  eyelids.  At  t]ie  inner  canthua  of  tbe  eye 
the  muscle  (by  its  palpebral  fibres)  gains  an  attachment  to   llie  tarsal  ligament 
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and  the  borders  of  the  naso-lachrymal  groove.  Its  fibres  enclose  the  lachrymal 
sac  and  the  canaliculi.  The  posterior  fibres,  extending  between  the  posterior  edge 
of  the  naso-lachrymal  groove  and  the  tarsal  ligaments  behind  the  lachrymal  sac, 
constitute  the  tensor  tarsi  muscle.  The  fibres  of  the  muscle  which  extend  along  the 
margins  of  the  lids  constitute  a  separate  ciliary  bundle. 

Externally  the  orbicularis  palpebrarum  has  no  bony  attachment ;  so  that  when 
it  contracts  and  closes  the  eyelids,  both  lids  at  the  same  time  tend  to  be  drawn 
inwards  towards  the  inner  canthus  of  the  eye. 

The  corrugator  supercilii  arises  from  the  nasal  eminence,  and  passing  horizon- 
tally outwards,  blends  with  the  upper  fibres  of  the  orbicularis  palpebrarum  on  its 
under  surface.  The  contraction  of  this  muscle  throws  the  skin  of  the  forehead  into 
vertical  folds,  while  at  the  same  time  drawing  the  inner  half  of  the  eyebrow  upwards, 
it  produces  concentric  curved  folds  on  each  side  of  the  middle  line  of  the  forehead. 

2.  The  muscles  of  the  nose  comprise  five  small  muscles  proper  to  the  nose,  and 
one  common  to  the  nose  and  upper  lip:  the  pyramidalis  nasi,  compressor  naris. 
dilatores  naris  (anterior  and  posterior),  depressor  alae  nasi,  and  levator  labii 
su{)erioris  alaeque  nasi.     They  are  all  small  and  feeble. 

The  pyramidalis  nasi  arises  from  the  occi pi to-fron talis  muscle  and  the  skin 
over  the  glabella ;  it  is  inserted  into  a  membrane  stretching  over  the  nose,  which 
alstj  gives  attachment  to  the  compressor  naris. 

The  compressor  naris  (m.  nasalis)  arises  by  a  narrow  origin  from  the  superior 
maxilla,  under  cover  of  the  levator  labii  superioris  alaeque  nasi.  It  passes  forwards 
over  the  bridge  of  the  nose,  and  ends  in  a  membranous  insertion  conmion  to  it  and 
the  previous  muscle.  ^ 

The  dilatores  naris  are  feeble  muscular  slips  placed  on  the  outer  side  of  the 
margin  of  the  nostril,  one  anteriorly,  the  other  posteriorly. 

The  depressor  alsB  nasi  is  a  small  muscle  arising  from  the  upper  part  of  the 
incisor  fossa  of  the  maxilla ;  it  divides  into  two  parts  as  it  passes  upwards  and 
inwards,  and  is  inserted  into  the  ala  and  the  septum  of  the  nose  (depressor  septi). 

The  levator  labii  inferioris  alaeque  nasi  is  a  narrow  baud  arising  from  the  root 
of  the  nasal  process  of  the  maxilla.  It  descends  alongside  the  nose,  and  is  inserted 
juiftly  into  the  ala  of  the  nose  and  partly  into  the  orbicularis  oris  muscle. 

3.  The  muscles  of  the  mouth  comprise  eleven  muscles,  of  which  all  but  one, 
the  firbicularis  oris,  are  bilaterally  placed.  The  muscles  are :  levator  labii  superioris 
aljvque  nasi,  levator  labii  superioris,  levator  anguli  oris,  zygoma tici  (major  and 
minor),  risorius,  ojbicularis  oris,  depressor  anguli  oris,  depressor  labii  inferioris, 
levator  menti,  and  buccinator. 

The  orbicularis  oris  is  the  sphincter  muscle  surrounding  the  lips.  It  is  con- 
tinuous with  the  other  muscles  converging  to  the  mouth.  It  lies  between  the  skin 
and  mucous  membrane  of  the  mouth,  and  is  limited  above  by  the  nose,  below  by 
the  junction  of  lower  lip  and  chin.  Its  mesial  fibres  are  attached  above  to  the 
septum  of  the  nose  (naso-labial  band)  and  to  the  incisor  fossa  (superior  incisive 
bundle) ;  below  they  are  attached  to  the  lower  jaw  on  each  side  of  the  symphysis 
rint'erior  incisive  bundle).  These  bundles  radiate  outwards  to  join  the  rest  of  the 
muscle,  which  is  joined  at  its  margin  by  the  levators  and  depressors  of  the  lower 
lip  and  angle  of  the  mouth,  and  by  the  buccinator  muscle.  The  lower  fibres  of  the 
muscle  are  continued  laterally  into  the  buccinator  and  levator  anguli  oris;  its 
iqyper  fibres  are  continued  into  the  buccinator  and  depressor  anguli  oris. 

The  levator  labii  superioris  edsBque  nasi  has  already  been  described. 

The  levator  labii  superioris  arises  from  the  superior  maxilla  just  above  the 
infra -orbital  foramen.  It  passes  almost  vertically  downwards  to  join  the  orbi- 
cularis oris  and  the  skin  of  the  upper  lip  between  the  attachments  of  the  levator 
labii  superioris  alseque  nasi  and  the  levator  anguli  oris.  It  conceals  the  infra- 
orbital vessels  and  nerve. 

The  levator  anguli  oris  arises  from  the  canine  fossa  of  the  upper  jaw  below  the 
infra -orbital  foramen  and  under  cover  of  the  foregoing  muscle.     It  is  directed 
outwards  and  downwards,  to  be  inserted  into  the  orbicularis  oris  and  the  skin  at 
the  angle  of  the  mouth. 
29  a 
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The  zygomatici  (major  and  minor)  are  more  superficial  than  the  preceding 
muscle. 

The  zygomaticus  minor  is  the  anterior  muscle.  It  arifles  from  the  malar  bone, 
and  is  often  continuous  with  the  most  peripheral  fibres  of  the  orbicularis  palpe- 
brarum. It  is  directed  obliquely  downwards  and  forwards  over  the  levator  anguli 
oris,  to  be  inserted,  along  with  the  levator  labii  superioris,  into  the  orbicularis  oris. 
The  zygomaticus  major  is  a  narrow  muscular  band  which  arises  from  the  malar 
portion  of  the  zygomatic  arch.  It  passes  to  the  angle  of  the  mouth,  to  be  iniierted 
partly  into  the  skin,  partly  into  the  orbicularis  oria 

The  risorius  is  a  thin  flat  muscle  which  forms  in  part  a  continuation  of  the 
platysma  uiyoides  on  the  face,  in  part  a  separate  muscle,  with  an  origin  from  the 
masseteric  fascia.  It  passes  transversely  forwards,  to  be  inserted  at  the  angle  of 
the  mouth  into  the  orbicularis  oris  and  skin. 

The  depressor  anguli  oris  arises  from  the  external  oblique  line  of  the  lower  jaw 
and  from  the  platysma  myoides  (Fig.  319,  p.  407).  It  is  triangular  in  form,  its 
fibres  converging  to  the  angle  of  the  mouth,  where  they  are  inserted  into  the 
orbicularis  oris  and  the  skin.  Some  of  the  fibres  reach  the  upper  lip  through  the 
orbicularis  muscle. 

The  depressor  labii  inferioris  arises  from  the  outer  surface  of  the  lower  jaw 
beneath  and  internal  to  the  depressor  anguli  oris  (Fig.  319,  p.  407).  It  is  quadri- 
lateral in  form,  and  is  directed  upwards,  to  be  inserted  into  the  orbicularis  oris  anii 
the  skin  of  the  lower  lip.  Its  external  fibres  conceal  the  mental  foramen,  and  are 
overlapped  by  the  depressor  anguli  oris.  Its  internal  fibres  join  with  those  of  the 
opposite  muscle. 

The  levator  menti  is  a  small  muscle  which  arises  from  the  incisor  fossa  of  the 
lower  jaw  (Fig.  319,  p.  407),  and  passing  forwards,  is  inserted  into  the  skin  of 
the  chin. 

Tlie  buccinator  muscle  forms  the  lateral  wall  of  the  mouth,  and  is  in  hiorie$ 
posteriorly  with  the  constrictor  muscles  of  the  pharynx.  It  arises  (1)  from  the 
alveolar  arches  ot*  the  upper  and  lower  jaws  (Fig.  319,  p.  407),  and  between  tlie?^* 
attachments,  from  the  pterygo- mandibular  ligament.  Its  fibres  are  directed 
forwards  to  the  angle  of  the  mouth,  where  they  blend  with  the  correspondinLr 
(upper  and  lower)  portions  of  the  orbicularis  oris  muscle.  The  middle  fibres  of  tlie 
muscle  decussate  at  the  angle  of  the  mouth,  so  as  to  pass,  the  lower  set  to  tlie 
upper  lip,  the  upper  set  to  the  lower  lip.  The  buccinator  is  covered  on  its  deep 
surface  by  the  mucous  membrane  of  the  mouth.  Superficially  it  is  concealed  by 
the  muscles  above  mentioned,  which  converge  to  the  angle  of  the  mouth ;  it  i*^ 
separated  from  the  masseter  by  the  suctorial  pad  of  fat  y  it  is  pierced  by  the  duct 
of  the  parotid  gland,  and  by  branches  of  the  long  buccal  nerve. 

Nerve-SuppjjY. 

The  facial  and  scalp  muscles  are  all  iiuiervated  by  the  facial  nerve.  The  posterior  aun'cuhn 
branch  supplies  the  retraheiis  aureiu  and  occipitalis;  the  branches  forming  the  pet  ansrrint.' 
supply  the  frontalis,  attollens,  and  attraheuB  aurem,  the  several  muscles  associated  with  tli.- 
apertures  of  the  eye,  nose,  and  mouth  (including  the  buccinator),  and  the  platysma  myoides. 

Actions. 

The  almost  infinite  variety  of  facial  expression  is  produced  partly  by  the  action  of  tht'><' 
muscles,  partly  by  their  inactivity,  or  by  the  action  of  antagonising  muscles  (antithesis).  On  the 
one  hand  joy  is,  for  example,  Ijetrayed  by  the  action  of  one  set  of  muscles,  while  ^ief  is  accom- 
panied by  the  contraction  of  another  (opposing)  set  Determination  or  eagerness  is  accompanit^i 
by  a  fixed  expreHsion  due  to  a  combination  of  muscles  acting  together;  despair,  on  the  otlu-r 
hand,  is  expres.sed  by  a  relaxation  of  muscular  action.  For  a  piiilosophical  account  of  the  actii'H 
of  the  facial  muscles,  the  student  should  consult  Darwin's  Expression  of  the  Emotions  in  M'tn  tuui 
Animals,  and  Duchenne's  Mecluinisme  de  la  Physioloifie  humaine. 

The  platysma  myoides  retracte  and  depresses  the  angle  of  the  mouth,  and  depresses  tht*  lowc 
jaw.  The  occipito- frontalis,  by  its  anterior  belly,  raises  the  eyebrows ;  botli  bellies  act  in.' 
together  tighten  the  skin  of  the  scalp ;  acting  along  with  the  orbicularis  palpebrarum,  it  shifi- 
the  scalp  backwai-ds  and  forwards.  The  comig^ator  snpercilii  draws  inwards  the  eyebn»w 
and  vertically  wrinkles  the  skin  of  the  forehead.  The  pyramidalis  nasi  draws  downwards  tin 
skin  between  the  eyebrows,  as  in  frowning.  The  upper  eyelid  is  raised  by  the  levator  palpebrs 
Buperiohs.    The  clasure  of  the  lids  is  effected  by  the  orbicularis  pslpebramm,  who^e  fibn^  aK> 
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laeiat  in  the  lowering  of  tlie  eyebrows,  in  the  protection  of  the  eyeball,  and,  by  preaBUre  on 
ihe  lachrymal  gland,  in  the  secretion  of  tears.  The  taiUOT  tuai,  aotii^  along  with  the  orbicularie 
talpebianun,  compres^^  the  liLchrymol  sac  and  aids  in  the  pasaage  of  its  contents  into  the  nasal 
dad.  The  mtuclai  of  the  ear  and  noH  have  quite  rudimentary  actions  expressed  by  their 
names.  Of  the  muscles  of  the  mouth,  the  orbicularis  oria  has  a  complei  action,  depending  on  the 
dpgree  of  contraction  of  its  component  parts.  It  causes  compression  and  closure  of  the  lips  in 
nriouB  ways,  tightening  the  lips  over  tne  teeth,  contracting  them  as  in  osculation,  or  causing 
piuting  or  protrusion  of  one  or  the  other.  The  accessory  mnicles  of  the  lips  draw  them  upwards 
(lygooiatici,  levator  anguti  oris,  levator  labti  superioris  alteque  nasi,  levator  labii  superioris), 
outwards  (zygoniaticus  major,  risorius,  platysma,  depressor  angiili  oris,  buccinator),  and  down- 
vaidf  (depressor  anguli  oris,  depressor  labii  inferioris,  platysma).  The  levator  menti  elevates  the 
Btic  of  the  chin  and  protrudes  the  lower  lip.  The  bnccinator  retracts  the  angles  of  the  mouth, 
flattens  the  cheeks,  and  brings  them  in  contact  with  the  teeth. 

Thb  Fascia  and  Mhsclks  of  the  Okbit. 
Tlie  eyeball  with  its  muBcIes,  vesBels,  and  nerves,  ia  lodged  in  a  mass  of  soft 
and  yielding  fat  which  entirely  fills  up  the  cavity  of  the  orbit.     Surrounding 
the  posterior  part  of  the  eye- 
ball ia  the  capsnls  of  Tenon,  '     RP.L™i.R«mpEKioRia 
which     cODBtitutes    a     large  ■""" 
lymph     space     or     synovial  n-s  iKnam-i 
bursa  in  relation  to  the  eye- 
balL     Anteriorly  the  capsule 
IS  in   contact  with  the  eon-  obikivm 
junctiva,   and   intervenes 
between    the   Utter  and   the     amurum 
eyeball;  posteriorly  it  is 
pierced    by    and     prolonged 
along  the  optic  nerve.     It  is 
a  smooth  membrane  connected 
to  the  globe  of  the  eye   by 
looee  areolar   tissue.      It   is 
pierced  by  the  tendons  of  the 
ocular  muscles,  along  which  it  sends  prolongations  continuous  with  the  muscular 

_  OM.ciL.ws  rAtKE.«H™  jljg  jnuaoies  of  the  orbit  are  seven 

in  number :  one,  the  levator  palpebrte 

superioris,  belongs  to  the  upper  eyelid ; 

the  other  six  are  muscles  of  the  eyebalL 

The  levator  palpebrse  superioris 

lies   immediately  beneath  the  orbital 

periosteum    and    covers    the  superior 

sff^'im  rectus  muscle.     It  has  a  narrow  oiigia 

above  that   muscle   from   the   margin 

of  the  optic  foramen.     It  expands  as  it 

passes  forwards,  to  end,  in  relation  to 

the   upper   lid,  in  a  membranous  ex- 

j^  pansion  which  is  inserted  in  a  fourfold 

manner:  (1)  slightly  into  the  orbicularis 

palpebrarum   and   skin   of  the   upper 

,    lid,  (2)  mainly  into  the  upper  border  of 

"  the  tarsal  cartilage,  (3)  shghtly  into  the 

conjunctiva,  anil  (4)  by  its  edges  into 

the  upper  border  of  the  margin  of  the 

orbital  opening. 

The  recti   mnacleB    are    four    in 

number — inpertor,  inferior,  internal,  and 

external.     Thay  all  arise  from  a  mem- 

^"  branouB    ring    surrounding    the   optic 

foramen,  which  is  separable  into  two 

parts — a  superior  common   tendon,  giving  origin   to  the   superior  and  internal 

29  fr 
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recti  and  the  upper  head  of  the  external  rectus ;  and  an  inferior  common  Undm, 
giving  origin  to  the  internal  and  inferior  recti  and  the  lower  head  of  the  ezt«niftl 
rectus.  The  two  origins  of  the  external  rectus  muscle  are  separated  bj  the  passage 
into  the  orbit  of  the  oculo-motor,  nasal,  and  abducent  nerves.  Forming  flattenal 
hands  which  traverse  the  fat  of  the  orbit  around  the  optic  nerve  and  eyeball,  the 

four     muBoles   end 
in    tendons    vbicb 
pierce    tbe   capsule 
of  Tenon,  and  ue 
inserted     into    the 
>tor     sclerotic  about  eight 
millimetres     (three 
to  four  lines)  behiad 
the  margin  of  the 
cornea.      The  nv- 
arra    aiior    and    inftdor 
nervt  recti  are  inserted  in 
the   vertical    plane 
slightly  internal  to 
the  axis  of  the  eye- 
hall  ;    the    eztttul 
and  Intenul  recti  is 
r...  BI7.-T,,  M.ML,.  0,  ...  o..„  |r„.  «ih»i).  j^^  tansTenc  pU.. 

of  the  ejeball ;  and  all  are  attached  in  front  of  the  equator  of  the  eyeball. 

The  obliquns  superior  ariaes  from  the  margin  of  the  optic  foramen  between 
the  recti  superior  and  intemus.  It  passes  forwards  as  a  narrow  muscular  band 
internal  to  tbe  rectus  superior,  and  at  the  anterior  margin  of  the  orbit  forms  » 
narrow  tendon  which  passes  through  a  special  fibrous  pulley  (trochlea)  attached 
to  the  roof  of  the  orbit.     Its  direction   is  then  altered,  and  passing  outwards 


Oculivmti 


Intarnulras 


UnUculj 
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between  the  tendon  of  the  superior  rectus  and  the  eyeball,  it  is  inserted  into  the 
sclerotic  between  the  superior  and  external  recti,  midway  between  the  margin  of 
the  cornea  and  the  entrance  of  the  optic  nerve. 

The  obliquns  inferior  arises  from  the  inner  side  of  the  floor  of  the  orbit  just 
behind  its  anterior  margin,  and  external  to  the  naso-lachrymal  groove.  It  forms 
a  slender  rounded  slip,  which  curls  round  the  inferior  rectus  tendon,  and^  passes 
between  the  external  rectus  and  the  eyeball,  to  be  inserted  into  the  sclerotic 
between  the  superior  and  external  recti,  and  farther  back  than  tbe  superior 
oblique  muscle. 

HUler's  muscle  is  a  rudimentary  bundle  of  non-striated  miucular  fibres  bridging  aooM  the 
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spheno-maullAry  fisBuie  and  infra-orbital  groove.    It  is  supplied  by  fibres  from  the  sympathetic, 
tud  may  have  a  slight  influence  in  the  protrusion  of  the  ejecalL 

Nervb-Supply. 
The  muscles  of  the  orbital  cavitj  aie  supplied  bj  the  third,  fourth,  and  sixth  cntnial  nerres. 
The  fonitli  nerva  (trochlearis)  Hupplies  the  obliquus  superior ;  the  atrtli  (abducens)  supplies  the 
itciua  extemua ;  the  third  nsrve  (motor  oculi)  supplies  toe  otheis — levator  palpebroe  superioris, 
ncti,  superior,  inferior  and  intemus,  and  obliquus  inferior. 

Actions. 
The  larator  palpebra  mperioriB  elevat«s  the  upper  eyelid  and  antagonieee  the  orbicularis 
palpebrarum  muscle.  The  six  musdee  inserted  into  the  eyeball  serve  to  move  the  longitudinal 
aiia  of  the  eyeball  upwacds,  downwards,  inwards,  and  outwaids,  besides  causing  a  rotation  of  the 
cveball  on  its  own  axis.  The  following  table  expreseee  the  action  of  individual  muscles.  It  must 
t«  remembered  that,  while  similar  movementfl  occur  simultaneously  in  the  two  eyeballs,  the 
horizontal  movemente  may,  by  adduction  of  the  muscles  of  both  sides,  cause  convergence  of  the 
aiea  of  the  two  eyeballs  for  the  purposes  of  near  vision. 


I 


1.  Addnctloa      and      AbdncUon. 


Bectus  intemus  ,  Rectus  externua 

Rectus  Buperiort  Obliquus  superior!  (MTT^sftn^ 

Itectos  interior  /  I  Obliquus  interior  iaddiutoTi) 

b.  Elaration  and  Depresiion. 


Rectus  superior 
ObUquuB  inferior 

Rectus  inferior                                   1 
Obliquus  superior 

e.  BotaUon  ontwardi. 

Botation  inwaidi. 

Obliquus  inferior 

Obliquus  superior 

Rectus  Bupenorlx.       ,,    ..    , 

Muscles  of  Mastication. 

The  muBclea  of  ma«ticatioii   comprise   the   maaaeter,   temporal,  exteriial  and 
ioternal  pterygoids, 
and  buccinator  (de- 
scribed above). 

The  masseter 
has  aQ  origin  which 
is  partly  tendinoue 
and  partly  fleshy.  It 
arises  in  two  parts : 
(!)  superficially  from 
the  lower  border  of 
the  zygoma  in  its 
anterior  two- thirds, 
and  (2)  more  deeply  "w 
from  the  deep  or  i 
inner  surface  of  the  /^' 
zygoma  in  its  whole 
length.  The  super- 
ficial fibres  are 
directed  downwards 

and  backwards  to-  pw.  31B.— Mdscle-Aitaobkbkts  to  the  Outer  AapBor  ov  the  Loweb  Jaw. 
wards  the  angle  of 

the  jaw;  the  deeper  fibres  are  directed  vertically  downwards.  The  muscle  is 
inserted  by  fleshy  and  tendinous  fibres  iuto  the  outer  surface  of  the  ramus  and 
angle  of  the  lower  jaw  and  the  coronoid  process  (Fig.  319,  p.  407).  The  deepest 
fibres  blend  with  the  fibres  of  the  subjacent  temporal  muscle. 
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The  masaeter  muscle  occupies  the  posterior  part  of  the  cheek.     It  is  covered  by 
the  parotid  gland,   and  is  crossed   bj  Stenson's  duct  and   the   branches  of  the 
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facial  nerve.     It  conceals  the  lower  jaw  and  a  part  of  the  temporal  muscle,  and  is 
separated  from  the  buccinator  muscle  anteriorly  by  a  pad  of  fat. 

The  temporal  mus- 
cle is  a  fan  -  shaped 
niuacle  arising  from  the 
whole  area  of  thr 
temporal  fossa,  as  wfll 
as  from  the  temporal 
fascia  which  covers  it 
Its  converging  fibns 
pass  !>eneath  the  zy;;c'- 
matic  arch.  In  the 
pterygoid  region  the 
muscle  is  insartsd  inlo 
the  deep  surface  aoil 
apex  of  the  coronuiJ 
hro-KiMKiio  process,   and    into   thf 

*™*'"'  anterior  border  of  tlic 

(origin)  ramus  oi  the  lower  ja» 

(Figs.  319,  p.  407,  aD>l 
321,  p.  408). 

„„,     „  ,  The  muscle  is  cou- 

Fio.  331.— MtBCLE. Attachments  o.s  thb  Inheh  Sipb  of  the  i   j   i      ..       .  i 

LiiHEK  Jaw.  cealed  by  the  tempuMl 

fascia,  zygoma,  the  ma.- 

seter  muscle,  and  the  coronoid   process.      It  crosses  over  the  external  pteryj,*!!!!! 

muscle  and  tlie  internal  maxillary  arterj'. 

The  external  pterygoid  mnscle  ariaes  Ijy  two  heads,  upper  and  lower.  Th* 
upper  liead  is  jtttaclied  to  the  under  surface  of  the  great  wing  of  the  sphenoid:  t)i^ 
lower  head  taken  origin  from  the  outer  surface  of  the  external  pterj-goid  plate.    Tlie 
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mascle  is  directed  outwards  sod  backwards,  to  be  inserted  into  (1)  the  depressiOD  in 
front  of  the  neck  of  the  lower  jaw  (Figs.  319,  p.  407,  and  321,  p.  408),  and  (2)  the 
inter-articular  fibro-cartilage  and  capsule  of  the  temporo-masillarj  articulation. 


Fia  322. — Mdscles  Of  Ma8TIC*TIOS,  DebPbr  View  (lygoniB  aud  inaaaeUr  muscle  removed). 

The  muscle  is  placed  deeply  in  the  pterygoid  region.     Covered  by  the  temporal 
muscle  and  coronoid  procesB,  it  partially  conceals  the  internal  pterygoid  muscle 


Flo.  823.— Ptbhtooid  RaciioN. 


and  the  trunk  and  branches  of  the  inferior  maxillary  nerve.  The  internal  maxillary 
artery  passes  over  or  under  the  muscle,  and  disappears  between  its  two  heads  of 
origin  on  its  way  to  the  spheno-maxillary  fossa. 
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The  internal  pterygoid  muscle  has  likewise  a  double  origin— (1)  from  the  deep 
surface  of  the  external  pterygoid  plate  and  the  tuberosity  of  the  palate,  and  (2j 
by  a  stout  tendon  from  the  tuberosity  of  the  upper  jaw.  Its  two  heads  of  origin 
embrace  the  lower  fibres  of  the  external  pterygoid  muscle.  It  is  quadrilateral  m 
form,  and  is  directed  downwards,  outwards,  and  backwards,  to  be  inserted  into  a 
triangular  impression  on  the  inner  surface  of  the  lower  jaw,  between  the  mylo- 
hyoid groove  and  the  angle  of  the  bone  (Fig.  321,  p.  408). 

The  muscle  is  covered  over  by  the  external  pterygoid  muscle,  by  branches  of 
the  inferidr  maxillary  nerve,  and  by  the  internal  lateral  ligament  and  ramus  of 
the  lower  jaw.  Beneath  it  are  the  Eustachian  tube,  muscles  of  the  soft  palate,  and 
the  pharynx  (superior  constrictor). 

Nervb-Supplt. 

The  inferior  maxillary  division  of  the  fifth  nerve  sapplies  all  the  muscles  of  mastication 
except  the  buccinator,  which  is  supplied  by  the  facial  nerve.  The  internal  ptervgoid  muscle  is 
supplied  by  the  nerve  before  its  division  into  anterior  and  posterior  parts ;  the  other  muscleB  are 
innervated  by  the  anterior  trunk. 

Actions. 

The  above  muscles,  assisted  by  others  in  the  neck,  produce  the  various  movements  of  the 
lower  jaw,  as  follows : — 


a.  Opening        and        Closnre  of  the  Jaw. 


Weight  of  the  jaw  Masseter 

Digastric 

Mylo-hyoid 

Genio-hyoid 

Oenio-hyo-glossus 

Infra-hyoid  muscles 


Temporal 
Internal  pterygoid 


b.  Protmeion       and        Betnotlon. 


External  pterygoid 
Internal  pterygoid 
Temporal  {anterior  fibres) 


Temporal  (posterior  fibres) 


c.  Lateral  Movement  of  the  Jaw. 


^iS^'^T'^Y^f^^^ 


THE  MUSCLES   OF   THE  NECK. 

The  muscles  in  the  neck  include,  in  addition  to  those  included  in  the  descriptioD 
of  the  muscles  of  the  back  (p.  395),  the  following  series:  (1)  sterno-cleido- 
mastoid ;  (2)  the  muscles  of  the  hyoid  bone  (supra-hyoid  and  infra-hyoid) ;  (3)  the 
muscles  of  the  tongue  (extrinsic  and  intrinsic) ;  (4)  the  muscles  of  the  pharynx  and 
soft  palate  ;  and  (5)  the  prsevertebral  muscles. 

The  stemo-cleido-mastoid  muscle  is  the  prominent  muscle  projecting  on  the 
side  of  the  neck.  It  arises  by  two  heads — (1)  a  narrow  tendinous  sternal  head, 
from  the  anterior  surface  of  the  manubrium  sterni  (Fig.  246,  p.  322),  and  (2)  a 
broader  clavicular  origin,  partly  tendinous,  partly  fleshy,  from  the  upper  surface  of 
the  clavicle  in  its  inner  third  (Fig.  243,  p.  319).  The  muscle  is  inflated  into  the 
outer  surface  of  the  mastoid  process  and  into  the  superior  curved  line  of  the  occipital 
bone  (Fig.  324,  p.  411). 

The  stemo-cleido- mastoid  muscle  stretches  obliquely  across  the  neck,  and 
separates  the  anterior  and  posterior  triangles  from  one  another.  Superficially  it 
is  covered  by  the  platysma  myoides  muscle,  the  external  jugular  vein,  and  some 
of  the  superficial  branches  of  the  cervical  plexus.  It  conceals  the  splenius  capitis, 
digastric,  levator  anguli  scapulae,  scaleni  and  infra-hyoid  muscles,  the  carotid 
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sheath,  the  cervical  plexus,  and  the  apical  accessory  nerve.     The  last-named  nerve 
pierces  the  muscle. 

The  sterno-deido-maatoid  muscle  is  properly  divisible  into  three  pftrta  ;  (1)  stsrna-maBblid,    , 
placed  superficially,  and  passing  obliquely  tern  the  sternum  to  the  mastoid  process ;  (2)  deido- 
mutoid,  placed  more  deeply,  and  directed  vertiiSilly  upwards  from  the  clavicle  to  the  msatoid 


Fill.  324.— Uusclb-Attacshents  to  Occipital  Bonb  (Inferior  Surface). 

process ;  and  (3)  cliido -occipitalis,  paaaing  obliijuely  upwards  and  backwards  behind  the  deido- 
maaloid  to  the  superior  curved  line  of  the  occipital  bone. 

The  st«mo-maatoid  muscle  is  innervated  oy  the  spinal  accessory  nerve,  joined  by  a  branch 
from  the  cervical  pleiUB  (C.  2). 

The  action  of  the  muscle  is  referred  to  below. 

The  Muscles  of  the  Hyoid  Bone. 

The  miiscles  attached  to  the  hyoid  bone  are  in  three  series:  (1)  infra-hyoid 
miiflcles,  connecting  the  hyoid  bone  to  the  scapula,  thorax,  and  thyroid  cartilage ; 

(2)  SQpra-hyoid  muscles,  connecting  it  to  the  lower  jaw,  cranium,  and  tongue ;  and 

(3)  the  middle  constrictor  muscle  of  the  pharynx. 

The  infra-hyoid  nmscles  comprise  the  omohyoid,  aterno-hyoid,  sterno-thyroid, 
and  thyro-hyoid  muscles. 

The  omo-hyoid  is  a  muscle  with  two  bellies,  anterior  and  posterior.  The 
foitmor  belly  arises  from  the  superior  border  of  the  scapula  and  the  suprascapular 
ligament  (Fig,  250,  p.  325).  It  forms  a  narrow  muscular  baud,  which  is  directed 
obliquely  forwards  and  upwards,  to  end  in  an  intermediate  tendon  beneath  the 
Btemo-maatoid  muscle.  From  this  tendon  the  anterior  belly  proceeds  upwards  to 
be  inserted  into  the  outer  part  of  the  lower  border  of  the  body  of  the  hyoid  bone. 

The  posterior  belly  of  the  muscle  separates  the  posterior  triangle  into  occipital 
and  Bubclavian  parts ;  the  anterior  belly  crosses  the  common  carotid  artery  at  the 
level  of  the  cricoid  cartilage,  and  in  the  anterior  triangle  forms  the  boundMr 
l«tneea  the  muscular  and  carotid  triangles.  A  process  of  the  deep  cervical  fascia 
binds  down  the  tendon  and  the  posterior  belly  to  the  scapula  and  the  first  rib. 

The  Btemo-byold  muscle  ariaea  from  the  posterior  surface  of  the  presternum, 
from  the  back  of  the  first  costal  cartil^e,  and  from  the  clavicle  (Fig.  243,  p.  319). 
It  paaaes  vertically  upwards  in  the  neck,  internal  to  the  omo-hyoid  and  in  front  of 
the  sterno-thyroid  muscle,  to  be  inserted  into  the  inner  part  of  the  body  of  the 
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hyoid  boa&  Excapt  near  iba  origin  the  muscle  lies  superficially  iu  the  anterior 
triangle,  aloogaide  the  omo-hyoid  and  in  front  of  the  stemo-thyroid  and  tbyw- 
hyoid  muscles,  the  trachea  and  the  thyroid  body. 

The  atemo-thyroid  musole  ariBss  beneath  the  eterno-hyoid  from  the  back  of 
the  presternum  and  first  costal  cartilage.  Broader  than  the  preceding  muscle,  it 
passes  upwards  and  slightly  outwards  in  the  neck  in  front  of  the  trachea  and 
thyroid  body,  and  beneath  the  omo-hyoid  and  stemo-hyoid  muscles,  to  be  inserttd 

HjiiosloHil  n«rv8    Vigoi  nervn 
Rwuireut  branch    |      |       8u|»riorMrvic»l  gsnglion  ot  the  «rmp«tlietlc 


Fill.  325.— Tbk  McaCLM  OP  TBg  HvoiD  E 

into  the  oblique  line  of  the  thyroid  cartilage.     The  muscle  is  marked  by  an  oblique 
tendinous  intersection  in  the  middle  of  its  length. 

The  thyro-hyoid  muscle  continues  the  line  of  the  preceding  muscle  to  ihf 
hyoid  bone.  Short  and  quadrilateral,  it  arises  from  the  oblique  line  of  the  thyroiJ 
cartilage,  and  passing  over  the  thyro-hyoid  membrane  beneath  the  omohyoid  and 
Bterno-hyoid,  it  is  inserted  into  the  body  and  great  oomu  of  the  hyoid  bone. 

Tlie  levator  glandols  thyroidee  is  an  occasional  slip  stnjiching  between  the  hyoid  lo^e 
and  the  isthmus  or  pyramid  of  the  thyruid  l>o<iy. 

The  sapra-hyoid  mnscleB  comprise  the  digastric,  stylo-hyoid,  mylo-hyoii 
genio-hyoid  muscles,  and  also  two  muscles,  the  genio-hyo-glossus  and  hyo-glossus, 
which  will  be  described  along  with  tlie  extrinsic  muscles  of  the  tongue. 
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The  digastric  muscle,  as  its  name  implies,  poasessee  two  bellies— anterior  aod 
posterior.  The  posterior  bellj  arises  from  the  digastric  groove  beneath  the  mastoid 
process.  It  is  directed  forwards  and  downwards  to  end  in  an  intermediate  tendon, 
which  is  connected  by  a  pulley-like  band  of  cervical  fascia  to  the  body  of  the  hyoid 
lione.  The  aolerior  belly  of  the  muscle  is  directed  forwards  and  upwards  to  the 
chin,  and  is  inserted  into  an  oval  impression  on  the  lower  border  of  the  mandible 
dose  to  the  symphysis  (Fig.  327,  p.  414).  The  muscle  forms  the  boundary  of  the 
.submaxillary  space.     The  posterior  belly  is  concealed  at  its  origin  by  the  mastoid 


Fill.  326.— Thb  TRiAMiiLBa  oy  tub  Neck  (Haaclex). 

prt-ceas  and  the  muscles  attached  to  it.  In  company  with  the  stylo-hyoid  muscle 
It  crosses  the  carotid  vessels  and  the  hypoglossal  uerve  in  the  anterior  triangle. 
The  anterior  belly  of  the  digastric  covers  the  mylo-hjoid  muscle. 

The  atylo-hyoid  muscle  arises  from  the  styloid  process  of  the  temporal  bone 
near  its  base,  and  is  inserted  into  the  body  of  the  hyoid  bone  by  two  slips  whiuh 
fQctose  the  tendon  of  the  digastric  muscle.  It  is  directeil  downwards  and  forwards 
alongside  the  posterior  belly  of  the  digastric,  and  crosses  the  anterior  triangle  in 
fnint  of  the  carotid  vessels. 

The  mylo-hyoid  muscle  arises  from  the  lower  three-fourtha  of  the  mylo-hyoid 
ridge  of  the  lower  jaw  (Fig.  327,  p.  414).  It  is  directed  downwards  and  inwards, 
to  be  inserted  into  (1)  the  upper  border  of  the  body  of  the  hyoid  bone,  and  more 
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aoteriorlj  (along  with  the  oppoeite  muscle)  into  (2)  a  median  raphe  extending  fnnu 
the  hyoid  bone  nearly  to  the  chin.     The  muscle  forms  a  diaphragm  in  the  tioor  of 

the  mouth,  and  haa  in 
contact  with  its  super- 
ficial or  external  surface 
the  digastric  muscle  and 
the  submaxillary  gland. 
Its  deep  or  iDtemal 
surface  is  partiallj 
covered  by  the  mucous 
membrane  of  the  floor 
of  the  mouth,  and  13 
separated  from  the  hyo- 
glossue  and  genio-hyi>- 
glossus  muscles  by  tlii- 
deep  part   of   the  siil'- 

hj-u-ekwii^  max  ilia  r)'     gland,     tlir 

t'^si")  sublingual  gland.^\'hrtr- 

^'"'(ori^lf)  ton's  duct  and  the  lini.'TiL(l 

and  hypoglossal  ner\>s. 

The     gfeoio  -  hyoid 

muBcle  arises  from  iNi- 

""•  "•-"'•'"■'""S:Z^Z  '""  '""■  """  "  "'■  l«-«  of  the  t-o  S"»l 

tubercles  on  the  back 
of  the  symphysis  of  the  lower  jaw  (Fig.  327,  p.  414).  It  is  directed  downwards 
and  backwards,  to  be  inserted  into  the  front  of  the  body  of  the  hyoid  bone.  The 
muscle  lies  along  the  lower  border  of  the  genio-hyoglossus,  and  is  concealfd  hy 
the  digastric  and  mylo-hyoid  muscles.  The  muscles  of  opposite  sides  are  olieii 
fused  together. 

The  Muscles  of  the  Tongde. 

The  muscular  substiince  of  the  tongue  consists  of  two  Eymmetrical  series  '.'f 
muscles  placed  on  either  side  of  a  membranous  raphe  in  the  middle  hue.  It  l' 
composed  of  (1)  Bxtrinsic  muscles  arising  from  the  soft  palate,  styloid  process,  hyojil 
bone  and  lower  jaw,  aud  (2)  intrinsic  mnscles  proper  to  the  tongue  it«elf.  Eacli 
set  consists  of  four  series  of  muscles. 

The  extrinsic  mnscles  are  four  in  number:  (1)  genio-hyo-gloasus,  (2)  hyo- 
glosflus,  (3)  stylo-glossuB,  and  (4)  palato- gloss  us. 

The  genio-hyo-glossuB  muscle  (Kig.  325)  is  an  extrinsic  muscle  of  the  tongue 
as  well  as  a  supra-hyoid  muscle.  It  is  a  fan-shaped  muscle  arising  by  its  ai-n. 
from  the  upper  of  the  two  genial  tubercles  behind  the  symphysis  of  the  lower  jaw 
(Fig.  327,  p.  414).  From  this  origin  the  muscular  fibres  divei^e;  the  lowest  Hlm-s. 
are  directed  downwards  and  backwards,  to  be  inserted  into  the  body  of  the  hyoiJ 
bone;  the  highest  fibres  curve  forwards,  to  be  uttuched  to  the  tip  of  the  tongue: 
the  intermediate  fibres  ate  attached  to  the  substance  of  the  tongue  in  it8^^b(.<le 
length  between  the  base  and  tip.  The  muscles  of  opposite  sidBs  are  separated  hy 
the  median  raphe  of  the  tongue.  On  the  outer  side  of  each  are  the  hyo-gloasus  ami 
mylo-hyoid  muscles.  Between  the  hyo-gloaaus  and  genio-hyo-glossus  are  placed  tljs 
stylo-hyoid  ligament,  the  hngual  artery,  and  the  glosso- pharyngeal  nen'e. 

The  byo-glossus  muscle  is  also  an  extrinsic  muscle  of  the  tongue  as  well  a,-  a 
supra-hyoid  muscle.  It  arises  from  the  hyoid  bone  (body  and  great  comu),  and  is 
directed  upwards  and  forwards,  to  be  inserted  into  the  side  ot  the  tongue, its  fibres  inifr- 
lacing  at  its  insertion  with  the  fibres  of  the  stylo-glossus.  The  muscle  is  quadrilaternl. 
and  lies  between  the  genio-hyo-glossus  and  mylo-hyoid  muscles,  separated  from  tlie 
latter  by  the  mucous  membrane  of  the  floor  of  the  month,  the  sublingual  and  pirt 
of  the  submaxillary  glands,  the  lingual  and  hypoglossal  nerves,  and  Wharton's  duel. 

The  choodro-glOSSUS  is  a  Bmall  si^paraled  sliii  of  the  hyo-gloBaiu",  not  always  jirestnt. 

The  Btylo-gloesuB  muscle  arises  beneath  the  parotid  gland  from  the  lower  cod 
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of  the  styloid  process  and  from  the'stylo-mandibular  ligament.  It  sweeps  forwards 
and  inwards^  and  is  inserted  into  the  side  and  under  surface  of  the  tongue,  its 
tibres  spre€uling  out  to  decussate  with  those  of  the  palato-glossus  and  hyo-glossus 
muscles.  It  is  covered  by  the  internal  pterygoid  muscle  and  by  the  mucous 
membrane  of  the  tongue. 

The  palato-glossus  is  a  thin  sheet  of  muscular  fibres  arisiiig  from  the  under 
surface  of  the  soft  palate,  where  it  is  continuous  with  fibres  of  the  opposite  muscle. 
It  passes  downwards  in  the  anterior  pillar  of  the  fauces,  and  spreads  out,  to  be  in- 
serted into  the  sides  of  the  tongue,  blending  with  the  stylo-glossus  and  the  deep 
transverse  fibres  of  the  tongue.  The  muscle  is  placed  directly  beneath  the  mucous 
membrane  of  the  soft  palate  and  tongue. 

Intrinsic  Muscles  of  the  Tongue. — Besides  receiving  the  fibres  of  insertion 
of  the  extrinsic  muscles,  the  substance  of  the  tongue  is  composed  of  four  intrinsic 
muscles  on  either  side,  two  in  the  sagittal  plane,  the  superior  and  inferior  Unguales ; 
two  in  the  coronal  plane,  the  transverse  and  vertical  fibres. 

The  superior  liTigualis  muscle  extends  from  base  to  tip  of  the  tongue,  placed  on 
its  dorsum  immediately  under  the  mucous  membrane,  into  which  many  of  its  fibres 
are  inserted. 

The  inferior  lingualis  is  a  cylindrical  band  of  muscular  fibres  occupying  the  under 
part  of  the  organ  on  each  side,  in  the  interval  between  the  genio-hyo-glossus  and 
the  hyo-glossus  muscles.    Posteriorly  some  of  its  fibres  extend  to  the  hyoid  bone. 

The  transverse  fibres  arise  from  the  median  raphe,  and  radiate  outwards  to  the 
dorsum  and  sides  of  the  tongue,  decussating  with  the  extrinsic  muscles  and  the 
fibres  of  the  vertical  muscle.  They  occupy  the  substance  of  the  tongue  between 
the  superior  and  inferior  hnguales. 

The  so-called  vertical  fibres  arise  from  the  dorsal  surface  of  the  tongue,  and 
sweep  downwards  and  outwards  to  its  sides,  intermingled  with  the  fibres  of  the 
previous  muscle  and  the  insertions  of  the  extrinsic  muscles.  These  two  muscles 
form  a  very  considerable  part  of  the  total  muscular  substance  of  the  organ. 

Nerve-Supply. 

The  muiscles  of  the  hyoid  bone  and  of  the  tongue  are  for  the  most  part  supplied  by  the  ansa 
cenricaliB  (C.  1.  2.  3.)  and  by  the  hypoglossal  nerve.  A  few  of  the  muscles  are  supplied  by  the 
trigeminal,  facial,  and  spinal  accessory  nerves. 


Musdefl. 


Omo-hyoid . 

Stemo-hyoid 

Stemo-thyroid    . 

Thyro-hyoid 

Qenio-hyoid 

Genio-hyo-glossus 

Hyo-glossus 

Stylo-glofisus 

Intrinsic  muscles  of  tongue 

Palato-glossus 

Mjlo-hyoid 

Digastric 

Anterior  belly 

Posterior  belly 
Stylo-hyoid 


Nervea. 


Ansa  cervicalis . 


Hypoglossal 


Pharyngeal  plexus    . 

Mylo-hyoid  branch  of  in- 
ferior dental  nerve 


Origin. 


C.  1.  2.  a 


I  Facial 


ic.  1. 

1 


2. 


Hypoglossal 
Spinal  accessory. 
Trigeminal 

Facial 


Actions. 


These  muscles  have  a  complexity  of  action,  owing  to  their  numerous  attachments  to  more 
or  less  movable  points.  The  movements  for  which  they  are  responsible  in  whole  or  part  are  (1) 
movements  of  tne  hyoid  bone  in  mastication  and  deglutition,  (2)  movements  of  tne  thyroid 
cartilage,  (3)  movements  of  the  tongue,  (4)  movements  of  the  head,  (5)  movements  of  the  shoulder, 
flnd  (6)  respiration. 

(1)  Movements  of  the  Hyoid  Bone. — The  hyoid  bone  is  elevated  or  depressed,  and  moved 


416 


THE  MUSCULAR  SYSTEM. 


forwards  or  backwards  along  with  the  lower  jaw  and  tongue,  in  speech,  mastication,  and 
swallowing. 


a.  Eleyation    and    Depression. 


Digastric 
Stylo-hyoid 
Mylo-hyoid 
Gtenio-hyoid 
Genio-hyo-glosaus 
Hyo-glo8SU8 
Muscles   closing   the 
mouth 


Thyro-hyoid 
Stemo-hyoid 
Omo-hyoid 
Stemo-thyroid 


h.  Protraction    and    Betraction. 


Genio-hyoid 
Genio-hyo-glossus 


Stylo-hyoid 
Middle  constrictor 


(2)  Moyements  of  the  Thsrroid  Cartilage. — The  thyi'oid  cartilage  is  raised  and  lowerti} 
during  speech  and  deglutition. 


EleTatioB. 

Depression. 

Thyro-hyoid 
Stylo-pharyngeus 
Palato-pharjmgeus 
Elevators  of  hyoid  bone 
Muscles  closing  mouth 

Stemo-thyroid 
Crico- thyroid 
Depressors  of  hyoid  bone 

(3)  Movements  of  the  Tongna — The  chief  movements  of  the  tongue  in  speech  and  <lt 
glutition  are  elevation  and  depression,  protrusion  and  retraction,  and  lateral  movements. 


a.  Elevation      and      Depression. 


Stylo-glossuB  (base) 

Palato-glossus 

Muscles  elevating  hyoid  bone 

Muscles  closing  mouth 


Gknio-hyo-glossus 

Hyo-^lossus 

Cnonaro-glossus 

Muscles  depressing  the  hyoid  bone 


&.  Protrusion      and      Betraction. 


Genio-hyo-glo8SU8  {posterior  fibres) 


Genio-hyo-glossus  {anterior  fibres) 
Stylo-glossus 


c  Lateral  Movements. — The  muscles  of  one  side  only. 


(4)  HoTements  of  the  Head. — The  stemo-mastoid  muscles,  acting  together,  flex  the  head  r»L 
the  spinal  column,  assisted  by  the  supra-hyoid  and  infra-hyoid  muscles.  The  stemo-mastoi<i 
muscle  of  one  side,  acting  alone,  bends  the  head  to  the  same  side,  and  simultaneously  rutat<4  it 
to  the  opposite  side,  as  seen  in  torticollis  (wryneck). 

(5)  HoTements  of  the  Shoulder  (Hrdla — The  omo-hyoid  and  stemo-mastoid  muscles  hare 
already  been  included  among  the  elevators  of  the  shoulder  girdle. 

(6)  BespiratioiL — The  muscles  in  the  front  of  the  neck  are  auxiliary  muscles  in  extraordinarT 
or  difficult  inspiration.  The  masseter  and  temporal  muscles  fix  the  lower  iaw ;  the  hyoid  btfflf 
is  raised  and  fixed  by  the  supra-hyoid  muscles ;  and  the  sternum  is  raised  by  the  st^mo-ma^tuiii 
and  infra-hyoid  muscles. 

The  Muscles  of  the  Pharynx. 

The  muscular  envelope  of  the  pharynx  is  composed  of  two  strata.  The  external 
or  circular  layer  consists  of  the  three  constrictor  muscles ;  the  internal  or  longi- 
tudinal layer  consists  of  the  fibres  of  the  stylo-pharyngeus  and  palato-phaiyngeus 
muscles. 

The  superior  constrictor  muscle  is  triangular  or  fan -shaped.  It  amw 
successively  from  the  lower  half  of  the  posterior  border  of  the  internal  pterygoid 
plate,  from  the  pterygo-mandibular  ligament,  from  the  mylo-hyoid  ridge  of  llie 
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hvsT  jaw  (Fig.  327,  p.  414),  and  from  the  mucous  membrane  of  the  floor  of  the 
rnnuth  iglosso-pharyngeus).  The  muscular  fibres  radiate  backwards,  and  are  inserted 
for  I  he  most  part  into  a  median  raphe  extending  down  the  back  wall  of  the  phar^'nx 
10  the  middle  line.  The  highest  flbres  are  attached  to  the  pharyngeal  spine  of  the 
occipital  bone  (Fig.   333,  p.  421),  and  the   lowest   fibres  are  overlapped  by  the 

middle  constrictor.     A  crescent ic  in-  „., „._,    ...     ,  „ 

krval  occurs  above  the  muscle,  below 
ihe  haae  of  the  skull,  in  which  the 
Ku^itachian  tube  and  the  levator  and  ' 
teD!»r  palati  muscles  appear.  Its 
liiwer  border  is  separated  from  the  ' 
middle  constrictor  by  the  stylo- 
pharyngeus  muacle  and  the  glosso- 
pharyngeal nerve.  The  superior 
constrictor  muscle  separates  the  in- 
terual  carotid  artery  from  the  cavity 
of  the  pharynx  and  tonsil 

The  middle  constrictor  muscle 
aiiies  from  the  stylo-hyoid  ligament 
and  from  both  cornua  of  the  hyoid 
lone.  From  its  origin  the  muscular 
lihres  radiate  backwards,  to  be  in- 
serted into  the  median  raphe  on  the 
posterior  aspect  of  the  pharynx.  The 
upper  flbres  overlap  the  lower  part  of 
the  superior  constrictor;  the  lower 
fibres  are  concealed  from  view  by  the 
inferior  constrictor  muscle.  In  the 
interval  between  the  middle  and 
interior  constrictors  are  found  the 
internal  laryngeal  artery  and  nerve. 

The  inferior  constrictor  moscle 
irisea  from  the  oblique   line  of  the 
thyroid  cartilage,  and  from  the  side 
of  the  cricoid   cartilage.     Its  fibres 
r:i(liate  fjackwarda,  to  te  inserted  into       * 
tlje  mediau  raphe  on  the  back  of  the 
pharynx,  the  upper  fibres  overlapping  the  lower  part  of  the  middle  constrictor, 
the  lower  fibres  blending  with  the  muscular  fibres  of  the  oesophagus.     Below  the 
lower  border  of  the  muscle  the  inferior  laryngeal  artery  and  nerve  enter  into  relation 
ttilli  the  larynx. 

The  deeper  longitudinal  etratmn  of  muscles  in  the  pharyngeal  wall  is  coni- 
poseil  of  the  insertions  of  the  stylo-pharyngeus  and  palato-pharyngeus  musclea 

The  stylo -pharyn^eas  arises  from  the  root  of  the  styloid  process  on  its  inner 
sid'',  and  passes  downwards  betw^ien  the  external  and  internal  carotid  arteries.  It 
enters  the  wall  of  the  pharynx  in  the  interval  between  the  superior  and  middle 
oonslrictor  mnsclea  Spreading  out  beneath  the  middle  constrictor  muscle,  it  is 
imerted  into  the  superior  and  posterior  borders  of  the  thyroid  cartilage  and  into 
the  wall  of  the  pharynx  itself,  becoming  continuous  posteriorly  with  the  palato- 
l»haryngeua.  In  the  neck  the  glosso- pharyngeal  nerve  winds  round  it  on  its  way 
w  the  tongue. 

Tile  palato-pharyngeiis  occupies  the  soft  palate  and  the  pharyngeal  wall.  In 
the  Biibstance  of  the  soft  palate  it  consists  of  two  layers,  a  postero-superior  layer, 
ihin,  and  continuous  across  the  middle  line  with  the  corresponding  layer  on  the 
"Ppoeite  side,  and  an  antero-inl'erior  hiyer,  which  is  thicker,  and  is  attached  to  the 
P'>sterior  border  of  the  hard  palate.  The  levator  palati  and  azygoa  uvulre  muscles 
af'i  enclosed  between  the  two  layers,  which  unite  at  the  posterior  edge  of  the  palate, 
receiving  at  the  same  time  additional  fibres  arising  from  the  Eustachian  tube 
'.^nl'^ngo-pharyngeus).  The  muscle  descends  to  the  pharynx  in  the  posterior  pillar 
30 
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of  the  fauces.  Its  fibres  spread  out  in  the  form  of  a  thiu  sheet  in  the  wall  »! 
the  pharynx,  in  continuity  anteriorly  with  the  Btylo-pharyngeua,  and  are  iiuerted 
into  the  posterior  border  of  the  thyroid  cartilage,  and  behind  that  into  the 
aponeurosis  of  the  pharynx,  reaching  down  as  far  as  the  lower  border  of  the  iafeiior 
constrictor.  The  muscle  is  placed  beneath  the  middle  and  inferior  conslrictors  iu 
the  pharyngeal  wall,  and  the  fibres  of  the  muscles  of  opposite  sides  decussate  id  the 
middle  line  beneath  the  median  raphe. 


The  Muscles  of  the  Soft  Palate. 

The  soft  palate  and  uvula  form  a  muscular  fold,  covered  on  each  surface  bv 
mucous  membrane,  projecting  backwards  into  the  pharynx,  and  forming  the  poeteriur 

part  of  the  roui  ot 
the  mouth. 

The  muscular 
fold  is  oompoeed  cl 
five  pair*  of  niu;- 
cles — the  palalu- 
pharyngeus  (au<l 
salpingo -phar^n- 
geus),  azyj;o< 
uvulse,  levaiut 
palati,  tensor 
palati,  and  paUiu- 

""""•"■■  glossus. 

\l^,  The  paUto- 

indlboUr       phftryngfim  uiu-- 
BucciHMoi  MNSTiiicTOit  clc  has  beenalfeaiiv 

Rvsaurs       described  (y.  417 

«™  among  the  muscb 

■*"*"'        of  the  pharyni. 

nig>»et>t  The    aiygoi 

iiTLo-BvaiE  '^ "'"'        qvhIk  consists  <•'• 

HnMiuMOT  mrmcum     twouarrowbuniik' 

lounu  „„„„]        enclosed,   alon.: 

BTfLo-BToiE  ^^^^  ^^^  insertion 

wmimiCToi.   of     the    levator 

pakti,  between  iht 

hiyersofthejjalaln 

TKYnoHtoic  'O'lg^i        pharyngeuB.     The 

slips  uiM  from  lli<; 
posterior  nasal 
spine  and  theai"- 
neurosis  of  tlio  ^>l! 
palate,  and  unit'' 

Cmro-TBTRoii  ^       ^jj^y     ^,^^1 

backwards  to  eiui 

,  in  the  uvula. 

y..g«i  The   levator 

palati  has  a  duul)l>' 

Fca.  329.-UTBHAL  Vibw  of  thb  Wall  of  thb  Phakvnx.  origin  :      (1)    fnOii 

the  under  surta('' 
of  the  apex  of  the  petrous  portion  of  the  temporal  bone,  and  (2)  from  ilw 
lower  part  of  the  cartilaginous  Eustachian  tube.  It  passes  obliquely  •io*"- 
wards  and  inwards,  across  the  upper  border  of  the  superior  constrictor  luuKlr. 
and  enters  the  soft  palate  between  the  two  layers  t>f  the  palato-pharyngeus  muscle. 
It  is  insMtod  into  the  aponeurosis  of  the  soft  palate,  and  some  of  its  fibres  1<kow 
continuous   with  those  of  the  opposite  muscle.     It  is  separated  from  the  i*"^'' 
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pakti  muscle  hj  the  Eustachian  tube  and  the  deeper  layer  of  the  palato-pharyngeus 
muscle. 

The  tensor  (circumflexus)  palati  arises  (1)  from  the  scaphoid  fossa  and  the  alar 
spine  of  the  sphenoid  bone,  and  (2 ;  from  the  outer  side  of  the  cartilaginous  Eustachian 
tube.  It  descends  between  the  internal  pterygoid  muscle  and  the  internal  ptery- 
goid plate,  and  ends  in  a  tendon  which  hooks  round  the  hamular  process,  and  is 
i2uerted  beneath  the  levator  palati  into  the  posterior  border  of  the  hard  palate,  and 
into  the  aponeurosis  of  the  soft  palate. 

The  palato-glossus  muscle,  occupying  the  under  surface  of  the  soft  palate  and 
the  anterior  pillar  of  the  fauces,  has  already  been  described  with  the  muscles  of  the 
tongue  (p.  416). 

Nerve-Supply. 

The  chief  nerve  supplying  the  moscIeB  of  the  pharynx  and  soft  palate  is  the  spinal  accessory 
nerve,  aided  by  the  fiftli  (otic  ganglion)  and  the  ninth  (glosso-pharyngeal)  nerves  and  the  laryngeal 
branches  of  the  va^os  nerve. 

HoscleB.  Nerves.  I  Origin. 


Constrictors  of  pharynx 

Palato-glossuB 

Palato-pharyngeus  \  .       Pharyngeal  plexus    .  XI. 

Levator  palati 

Azygos  uvulae 


Tensor  palati Otic  ganglion    .        .        .         V. 

Stylo-pharyngeus  ....       Glosso-pharyngeal  IX 

{External  laryngeal! 
Inferior  laryngeal  / 


IX. 

Inferior  constrictor         .         .         .  ,  l?_^J?!5^^\i*/^^"?H  .         X. 


ACTIONSL 

The  muscles  of  the  pharynx  and  soft  palate  are  chiefly  brought  into  action  in  the  act  of 
swallowing.  This  act  is  divided  into  a  voluntary  stage^  in  which  the  bolus  lies  in  front  of  the 
pillars  of  the  fauces,  and  an  involuntary  stagey  during  which  the  food  passes  from  the  mouth 
through  the  pharynx.  The  movements  occurring  during  the  passage  of  food  through  the  mouth 
are  as  follows :  the  cheeks  are  compressed  by  the  action  of  the  buccinator  muscles  ;  the  tongue, 
hvoid  bone,  and  thyroid  cartilage  are  successively  raised  upwards  by  the  action  of  the  muscles 
which  close  the  mouth  and  elevate  the  hyoid  bone.  By  these  means  the  food  is  pushed  back- 
wards between  the  pillars  of  the  fauces. 

At  the  same  time,  bv  the  contraction  of  the  nalato-glossus  and  palato-pharyngeus,  the  pillars  of 
the  fauces  are  narrowea,  while  the  muscles  of  tne  soft  palate,  contracting,  tighten  the  soft  palate, 
and  by  bringing  it  in  contact  with  the  posterior  wall  of  the  pharynx,  shut  off  the  upper  (nasal) 
portion  of  the  cavity.  The  elevation  of  tne  tongue,  hyoid  bone,  and  larynx  simultaneously  causes 
the  elevation  of  the  epiglottis  and  the  aperture  of  the  glottis,  which  is  closed  by  the  approximation 
of  the  arytenoid  cartilages  and  the  combined  action  of  laryngeal  muscles  (arytenoideus,  thyro- 
arjrtenoideus,  and  thyro-aryteno-epiglottideus).  The  food  tlius  slips  over  the  posterior  surface  of 
the  epiglottis  and  the  closed  aperture  of  the  glottis,  and  between  the  pillars  of  the  fauces  on 
either  side,  into  the  pharynx.  It  is  now  clasped  by  the  constrictor  muscles,  which,  by  their 
contractions,  force  it  down  into  the  oesophagus.  The  contraction  of  the  constrictor  muscles  results 
in  a  flattening  of  the  pharvnx  and  elevation  of  its  anterior  attachments. 

During  the  act  of  swallowing,  it  is  generally  thought  that  the  Eustachian  tube  is  opened  by 
the  contraction  of  the  tensor  palati  muscle  which  arises  from  it.  It  has  been  held,  on  the  other 
hand,  that  the  Eustachian  tub«  is  closed  during  swallowing  by  the  compression  of  its  wall  by  the 
contraction  of  the  levator  palatL 

Deep  Latekal  and  PiiiEVERTEBRAL  Muscles  of  the  Neck. 

Thr^  series  of  muscles  are  comprised  in  this  group :  (1)  vertebro-costal  (scaleni, 
anticus,  medius,  and  posticus),  (2)  vertebro-cranial  (recti  capitis  antici,  major  and 
minor,  and  lateralis),  and  (3)  vertebral  (longus  colli). 

The  scalenus  anticus  arises  from  the  anterior  tubercles  of  the  transverse 
processes  of  the  third,  fourth,  fifth,  and  sixth  cervical  vertebrae,  and  descends 
behind  the  carotid  sheath,  to  be  inserted  into  the  scalene  tubercle  and  ridge  on  the 
first  rib  (Fig.  330,  p.  420).  In  front  of  the  muscle  are  the  subclavian  and 
internal  jugular  veins,  and  the  nerves  descending  through  the  neck.  Behind,  it  is 
30  a 


THE  MUSCULAR  SYSTEM. 


A,  First  rib  ;  B,  Second  rib. 


and  sixth  cervical  trana- 
veree  proceesea,  and  is 
inBeited  into  a  linear 
impreasion  on  the  outer 
side  of  the  second  rib. 
It  ifi  concealed  behind 
by  the  levator  aoguli 
scapulie,  and  is  in  con- 
tact anteriorly  with  the 
scalenus  medius. 

The  rectus  capitis 
anticQB  major  arises 
from  the  anterior 
tubercles  of  the  trans- 
verse processes  of  the 
■  third,  fourth,  fifth,  and 
sixth  cervical  vertebnc. 
It  forms  a  Sat  triangular 
muscle,  which  is  directed 
upwards,  to  be  inserted 
into  an  impression  on 
the  under  surface  of  the 
basilar  process  of  the 
occipital  bone  in  front 
and  to  the  outer  side  of 
the  pharyngeal  spine 
{Fig.  333,  p.  421).  It 
lies  on  the  cervical 
vertebra;  behind  the 
carotid  vessels  and  the 


separated  from  the  scalenua 
medius  by  the  cords  of  the 
brachial  plex  ub,  tbesubtlavian 
artery,  and  the  pleura. 

The  scalenns  medint 
arises  from  the  poeienoT 
tubercles  of  the  tranavetw 
processes  of  the  cervical 
vertebne,  from  the  second  i-i 
the  sixth  incluaive.  It  de- 
scends in  the  floor  of  the  pos- 
terior triangle,  to  be  inavted 
into  the  rough  impression  oq 
the  first  rib  behind  the  sub- 
clavian artery  (Fig.  331,  ji 
420).  The  muscle  is  covere<l 
anteriorly  by  the  cords  of  tlic 
brachial  plexus,  the  euh- 
clavian  artery,  and  the  oinn. 
hyoid  muscle,  and  is  in  con- 
tact behind  with  the  levaiw 
anguli  scapulae  and  tin: 
scalenus  posticus.  It  is 
pierced  by  the  posterior 
scapular  and  posterior 
:  thoracic  nerves. 

The  scalenos  posticat 
arises  from  the  posterior 
tubercles  of  the  fourth,  fifth, 
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pharynx,  external  to  the  longus  colli,  and  internal  at  ite  origin  to  the  scalenus 
aaticns. 

The  rectus  capitia  anticna  minor  arises  from  the  anterior  arch  of  the  atlas,  and 
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is  inserted  into  the  basilar  process  between  the  previous  muscle  and  the  occipital 
condyle  (Fig.  333,  p.  421),     It  is  concealed  by  the  rectus  capitis  anticus  major. 
The  lon^iu  colli  is  a  flattened  muscular  band  extending  from  the  third  thoracic 
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o  OccifTTAL  BONB  (Inferior  Surface). 


vertebra  to  the  atlas.     It  is  divisible  into  three  portions — a  vertical,  a  lower 
oblique,  and  an  upper  oblique  portion. 

The  vertical  portion  of  the  muscle  orlBss  from  the  bodies  of  the  first  three 


422  THE  MUSCULAR  SYSTEM. 

thoracic  and  the  last  three  cervical  vertebraB ;  and  passing  vertically  upwards,  it  is 
inserted  into  the  bodies  of  the  second,  third,  and  fourth  cervical  vertebrae. 

The  lower  oblique  portion  arises  from  the  bodies  of  the  first  three  thoracic 
vertebrae,  and  is  inserted  into  the  anterior  tubercles  of  the  fifth  and  sixth  cervical 
vertebrae. 

The  upper  oblique  portion  arises  from  the  anterior  tubercles  of  the  transv^iBe 
processes  of  the  third,  fourth,  and  fifth  cervical  vertebrae,  and  is  directed  upwards, 
to  be  inserted  into  the  anterior  tubercle  of  the  atlas. 

The  longus  colli  muscle  clothes  the  front  of  the  vertebral  column  in  the  neck, 
and  is  separated  by  the  deep  cervical  fascia  from  the  carotid  vessels,  pharynx,  and 
oesophagus. 

The  rectus  capitis  latersdis,  in  series  with  the  posterior  inter -transverse 
muscles  in  the  neck,  arises  from  the  transverse  process  of  the  atlas,  and  is  inserted 
into  the  under  surface  of  the  ex-occipital  bone.  It  is  placed  alongside  the  recti 
capitis  antici,  separated  from  them  by  the  anterior  primary  division  of  the  firet 
cervical  nerve. 

Nbrvb-Supply. 

The  prsevertebral  muscles  s^ve  all  supplied  by  anterior  primary  divisions  of  the  cervical  spijul 
nerves :  the  rectus  capitis  anticus  minor,  and  rectus  capitis  lateralis,  by  the  loop  between  the  fint 
two  nerves ;  the  rectus  capitis  anticus  major  by  the  first  four ;  the  longus  colli  by  the  seooDd. 
third,  and  fourth  ;  the  scaleni  by  the  lower  four  or  five  cervical  nerves. 

Actions. 

The  movements  produced  by  these  muscles  are  considered  along  with  those  of  other  muscles 
acting  on  the  head,  spinal  column,  and  thorax  (pp.  398.  426). 

THE  MUSCLES  OF  THE  THORAX. 

Muscles  of  Respiration. 

The  muscles  which  complete  the  boundaries  of  the  thorax  are  the  diaphragm 
and  intercostal  muscles  (external  and  internal),  along  with  three  series  of  smaller 
muscles — the  triangularis  sterni,  the  levatores  costarum,  and  the  infra-costale& 

The  intercostfid  muscles  are  arranged  in  eleven  pairs,  forming  thin  layers 
filling  up  the  intercostal  spaces. 

Each  external  muscle  arises  from  the  sharp  lower  border  of  a  rib,  and 
is  directed  downward  and  forward,  to  be  inserted  into  the  outer  edge  of  tbe 
upper  border  of  the  rib  below.  It  extends  from  the  tubercle  of  the  rib  behind 
nearly  to  the  costal  cartilage  iu  front.  The  anterior  intercostal  aponeurosis  is 
continuous  with  it  anteriorly,  and  extends  forwards  to  the  side  of  the  sternum. 

Each  internal  musole  arises  from  the  costal  cartilage  and  the  inner  edge  of  tbe 
subcostal  groove,  and  is  directed  downwards  and  backwards,  to  be  inserted  into  the 
inner  edge  of  the  upper  border  of  the  rib  and  costal  cartilage  below.  It  extends 
from  the  side  of  the  sternum  in  front  to  the  angle  of  the  rib  behind,  where  it 
becomes  continuous  with  the  posterior  intercostal  aponeurosis  extending  to  the 
tubercle  of  the  rib. 

The  external  intercostal  muscles  are  covered  by  the  pectoral  muscles,  serratus 
magnus,  and  the  muscles  of  the  back ;  the  internal  muscles  are  in  contact  with 
the  pleur«L  The  intercostal  vessels  and  nerve  lie  between  the  two  muscles  in  the 
posterior  part  of  the  thorax. 

The  levatores  costarum  are  in  series  with  the  external  intercostal  muscles. 
They  are  twelve  small  slips  arising  from  the  transverse  processes  of  the  seventh 
cervical  and  upper  eleven  thoracic  vertebrae.  They  spread  out  in  a  fan-like  manner 
as  they  descend,  to  be  inserted  into  the  outer  surface  of  the  ribs  posterior  to  the 
angles.     They  lie  under  cover  of  the  longissimus  dorsi  muscle. 

The  infira-costales  (subcostales)  are  slips  of  muscles  found  on  the  inner  surface 
of  the  lower  ribs  near  their  angles.  They  are  in  series  with  the  internal  inter- 
costal muscles,  but  pass  over  the  deep  surface  of  several  ribs. 

The  triangularis  sterni  (m.  transversus  thoracis)  occupies  the  posterior  aspect 
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uf  the  anterior  thoracic  wall.  It  arises  from  the  back  of  the  enBiform  cartilage 
iitid  loesostemum  as  high  as  the  level  of  the  third  costal  cartib^e.  From  this 
origin  its  Hbres  radiate  outwards,  the  lower  onea  horizontally,  the  upper  ones 
oMiqiiely  upwards,  lo  be  inserted  into  the  costal  cartilages  of  all  the  true  ribs 
esctpt  the  first  and  seventh.  The  muscle  lies  against  the  pericardium  and  pleura. 
It  i*i  separated  from  the  chest  wall  bj  the  internal  mammary  vessels  and  the 
^iiiLenor  branches  ot  the  intercostal  nervea  The  muscle  Is  continuous  below  with 
i\x  transversalis  abdominis. 

The  diaphragm  is  the  great  membranous  and  muscular  partition  separating 
the  cavities  of  the  thorax  and  abdomen.     It  forms  a  thin  lamella  arching  over 
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the  liver,  stomach,  and  spleen,  with  its  convex  upper  surface  in  contact  with  the 
I«ricardium,  pleurae,  and  chest  wall.  It  possesses  a  peripheral  origin  from  the 
>ternura,  ribs,  and  vertebral  column,  and  an  insertion  into  a  central  tendon.  It 
uises  (1}  anUriorlp  from  the  posterior  surface  of  the  ensiform  cartilage  by  two 
slender  fleshy  slips,  directed  backwards;  (2)  laterally,  from  the  deep  surface  of  the 
li'wer  silt  rib-cartilages  on  each  aide  Ijj  fleshy  bands  which  interdigitate  with  those 
of  the  transversalis  abdominis;  (3)  posleriorly.  from  the  lumbar  vertebrce,  by  the 
crura,  and  from  the  arcuate  ligaments.  The  cmra  are  two  elongated  fibro- muscular 
bundles  which  arise  from  the  front  of  the  bodies  of  the  lumbar  vertebra,  on  the 
rijtht  side  from  the  first  three,  on  the  left  side  from  the  tirst  two  vertebrie.  They 
ate  directed  upwards  and,  passinj^  in  front  of  the  aorta,  decusaatts  across  the  middle 
line  ill  front  of  that  vessel,  the  fibres  of  the  right  crus  passing  in  front  of  those  of 
the  left  crus.  The  fibres  then  encircle  the  oesopliagua,  forming  an  elliptical  opening 
306 
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for  its  passage,  and  finally  join  the  central  tendon,  after  a  second  decusBation  in 
front  of  the  guUet. 

The  arcuate  licaments  are  fivB  in  number. 

The  middle  arcuate  ligament  is  a  fibrous  arch  connecting  together  the  cnitu  uf 
the  diaphragm  in  front  of  the  aorta,  and  giving  origin  to  fibres  which  join  tht  cruw 
as  they  decussate  to  encircle  the  gullet. 

The  internal  arca&te  ligament  is  a  thickening  formed  by  the  attachment  of  tlie 
psoas  fascia  to  the  body  of  the  first  lumbar  vertebra  internally  and  its  transierw 
process  externally.  Stretching  across  the  upper  end  of  the  psoas  muscle,  ihe 
ligament  gives  origin   to  muscular  fibres  directed  upwards  on  each  side  ot  ili>- 

The  external  arcuate  ligament  is  the  thickened  upper  end  of  the  fascia  over  i\k 
quadratus  lumborum  (anterior  layer  of  the  lumbar  fascia),  and  is  attached  iiinr- 
nally  to  the  transverse  process  of  the  first  lumbar  vertebra,  and  externally  toilir- 


Hlght  truM  or  dUiiUngm  "       " 

Fid.  336.— The  DlAPRRAOM  (from  ImIow). 

last  rib.  It  gives  origin  to  another  broad  band  of  muscular  fibres,  separated  from 
those  arising  from  the  internal  arcuate  ligament  by  an  interval,  and  passiu^j 
upwards  to  the  central  tendon  of  the  diaphragm. 

From  this  extensive  origin  the  muscular  fibres  of  the  diaphragm  conven.'e  ti< 
an  insertion  into  a  lai^e  trilohed  central  tendon.  Of  its  lobes  the  right  one  i^ ')"' 
largest,  the  middle  or  anterior  is  intermediate  in  size,  and  the  left  is  the  sniallt^i 
It  does  not  occupy  the  centre  of  the  muscle,  being  placed  nearer  the  front  lli'ii 
the  back.  The  fibres  of  the  crura  are  consequently  the  longest;  those  from  iht 
sternum  are  the  shortest. 

The  diaphragm  is  piei'ced  by  numerous  structures.  The  superior  epigastnt 
artery  enters  the  sheath  of  the  rectus  abdominis  between  its  sternal  and  cui^Ui' 
origins;  the  musculo-phrenic  artery  passes  between  its  attachments  to  the  seveDth 
and  eighth  riba  The  sympathetic  cord  and  the  splanchnic  nerves  pierce  or  pi.<* 
behind  the  diaphragm  ;  the  last  thoracic  nerve  passes  beneath  the  external  arruuii^ 
ligament ;  and  the  aorta,  the  vena  azygos  major,  and  thoracic  duct  pass  belvc^>i 
the  crura,  underneath  the  middle  arcuate  ligament  (aortic  opening).  The  Bp^'il 
foramina  are  two  in  number.  The  forarnen  quadratum  in  the  right  lolie  uf  the 
central  tendon  transmits  the  inferior  vena  cava,  and  small  branches  of  the  riglil 
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phrenic  nerve.  The  (esophageal  opfninff  is  in  the  muscular  substance  of  the 
diaphragm,  behind  the  central  tendon,  and  is  surrounded  by  a  sphincter-like 
arrangement  of  the  crural  fibres.  Besides  the  oesophagus,  this  opening  transmits 
ihe  two  pneumogastric  nerves.  The  upper  convex  surface  of  the  diaphragm  forms 
the  sloping  Soor  of  the  thorax,  and  is  in  contact  with  the  pleura:  and  the  peri- 
cardium (which  is  firmly  bound  down  to  the  central  tendon,  and  less  firmly  to  the 
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muscular  fibres  on  the  left  side).  By  its  lateral  margins  the  diaphragm  is  in 
contact  on  each  side  with  the  thoracic  wall  beyond  the  reflection  of  the  pleura, 
and  behind  with  the  cesophagus  and  descending  thoracic  aorta.  The  under  surface 
(if  the  diaphragm  is  concave,  and  is  for  the  most  part  invested  by  peritoneum.  It 
ia  in  relation  with  the  liver,  stomach,  spleen,  kidneys,  suprarenal  bodies,  duodenum 
md  i»ncrea8,  the  inferior  vena  cava,  and  the  branches  of  the  coeliac  axis.  Its 
vault  is  higher  on  the  right  side  than  on  the  left,  owing  to  the  upward  projection 
of  the  liver  on  that  aide. 
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The  diaphragm  is  found  as  a  complete  septum  between  the  thorax  and  abdomen  only  m 
mammals.  It  is  occasionally  deficient  in  the  human  subject,  producing  hernia  of  tks  diaphra^n, 
either  into  the  pericardial  cavity  through  the  central  tendon,  or  into  the  thoracic  cavity  throu^'li 
the  lateral  portions  of  the  muscle.  A  rare  condition  is  congenital  deficiency  of  a  part  of  th»- 
lateral  half  of  the  muscle,  generally  placed  posteriorly,  and  on  the  left  side.  This  produce,  1«\ 
continuity  of  the  peritoneum  and  pleura  oehind  the  diaphragm,  a  congenital  dtaphrofimattr 
h^niia. 

Nerve-Supply. 

The  intercostal  muscles,  levatores  costarum,  infra-costal  muscles,  and  triangularis  stemi,  aiv 
all  supplied  by  the  anterior  primary  divisions  of  the  intercostal  nerveSw  The  diaphragm  receive.'S 
its  chief,  if  not  its  entire,  motor  supply  from  the  phrenic  nenres  (C.  3.  4.  5.)  it  is  InnerxatH 
also  by  the  diaphragmatic  plexus  of  the  sympathetic,  and  is  said  to  receive  fibres  from  the  lover 
intercostal  nerves. 

Actions. 

The  act  of  respiration  consists  of  two  opposite  movements,  inspiration  and  expiration. 

1.  The  movement  of  expiration  is  performed  by  (1)  the  elasticity  of  the  lungs,  (2)  the  weight 
of  the  chest  walls,  (3)  the  elevation  of  the  diaphragm,  (4)  the  action  of  muscles — triangiilari> 
stemi  and  muscles  of  the  abdominal  w^all.  It  is  sometimes  stated  that  the  interoeseoufi  fibres  of 
the  internal  intercostal  muscles  are  depressors  of  the  ribs. 

2.  The  movement  of  inspiration  results  in  the  enlargement  of  the  thoracic  cavity  in  al! 
its  diameters.  Its  antero-posterior  and  transverse  diameters  are  increased  by  the  elevation  ati<i 
forward  movement  of  the  sternum,  and  by  the  elevation  and  eversion  of  the  ribs,  while  iu 
vertical  diameter  is  increased  by  the  descent  of  the  diaphragm. 

The  muscles  of  inspiration  are  divided  into  two  series — ordinary  and  accessory. 


a.  Ordinary  HoBCles. 


b.  Extraordinary  and  Accessory  Mnsdea 


Diaphragm 
Intercostals 
Scaleni 
Serrati  postici 
Levatores  costarum 


Quadratus  lumborum 
Pectorales 
Serratus  magnus 
Stemo-mastoid 
Latissimus  dorsi 
Infra-hyoid  muscles 
Extensors  of  the  spine 


Of  the  ordinary  muscles  the  diapliragm  is  the  m<jst  important  Its  action  is  twofold  - 
centrifagal,  elevating  the  ribs  and  increasing  the  transverse  and  antero-post«rior  diametvrh  of 
the  thorax,  and  centripetal,  drawing  downwards  the  central  tendon  and  increasing  the  vertical 
diameter  of  the  thorax.  Of  the  two  movements  the  former  is  the  more  important  There  haf> 
been  considerable  diversity  of  opinion  regaitling  the  action  of  the  intercostal  muscle&  It  i> 
generally  agreed  that  the  external  muscles  elevate  the  ribs ;  it  is  probable  that  the  whole  of  eaih 
internal  muscle  acts  in  the  same  way,  although  it  has  been  stated  by  different  observers  that  th*- 
whole  internal  muscle  is  a  depres.sor;  or  that  the  interosseous  part  is  a  depressor,  the  inter- 
chondral  portion  of  the  muscle  an  elevator  of  the  ribs. 

FASCIA  AND  MUSCLES  OF  THE  ABDOMINAL  WALL. 

The  space  between  the  margins  of  the  honj  thorax  and  the  pelvis  is  filled  up  by 
a  series  of  muscular  sheets,  covered  externally  and  internally  by  fasciae. 


FASCLE. 

The  fasciae  of  the  abdominal  wall  are — externally^  the  superficial  and  deep  fasciae : 
internally,  the  fascia  trans versalis,  which  is  continuous  with  the  diaphragmatic, 
lumbar,  psoas,  iliac,  and  pelvic  fasciae,  and  is  lined  within  by  the  extra-peritoneal 
tissue. 

The  superficial  fascia  of  the  abdomen  is  liable  to  contain  a  large  quantitr 
of  fat.  It  is  separated  in  the  groin  into  two  layers :  a  superficial  fatty  layer  con- 
tinuous over  Poupart's  ligament  with  the  fascia  of  the  front  of  the  thigh  (p.  356). 
and  a  deej^er  membranous  layer  attached  to  the  inner  half  of  Poupart's  ligament, 
and  more  externally  to  the  fascia  lata  of  the  thigh  below  I^oupart  s  ligament  The 
two  layers  are  separated  by  the  lymphatic  glands  and  the  superficial  vessels  of  the 
groin.     Higher  up  in  tlie  abdominal  wall  the  two  layers  blend  together,  and  passing 
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duwDwards  over  the  spermatic  cord,  they  unite  to  form  the  fascia  and  dartos 
uiuicle  of  the  scrotum.  The  attachment  of  the  fascia  to  the  groin  prevents  the 
passage  into  the  thigh  of  fluid  extravasated  in  the  abdominal  wall. 

The  deep  fascia  of  the  abdominal  wall  reeemblee  similar  Fascite  in  other  situa- 
tiona.  It  forma  an  investment  for  the  obliquus  externus  muscle,  and  becomes  thin 
uid  almost  im- 
perceptible in  re- 
lation to  the 
aponeurosis  of 
that  muscle. 

The  fascial  ''"^•^ 

Iming'  of  the  ab- 
dominal cavity  «Mi 

'tUOA       trsnflTOr-    Supurflelsl  cinumllH  lllu  ,^,, 

aiii)  consists  of  a  'nguii"d  Ij-mphatli  ,j,,or 

continuous    layer  D«.p  iiyar  of  iuperiids:  ^1i 

of      membrane  F*niani  lymphMic  ' 

which    receives  n«vt 

different  names  in  criir»i  bn  "^ 

different  parts  of  ^upS^dlln 

its    extent. .     It  ."Ptrnci. 

covers     the     deep  InWrml  nphrnoi 

surface  of  the 
traDSversalia  mus- 
cle, and  is  con- 
tinuous internally 
(through  the  lum- 

lar    fascia)    with  j.,q_  337._TaK  Gnom.    Stbuctums  bbtwkn  tbk  Latbbs  of  thb 

the  fosciEB  of  the  superficial  Pabcia. 

qiiadratuB      lum- 

iHinim  and  the  psoas  muscles.  It  is  continuous  above  with  the  diaphragmatic 
fa:%ia,  and  below  (the  iliac  crest  and  Poupart's  ligament  intervening)  with  the 
fa.%ia  iliaca.  Along  with  the  last-named  fascia  it  forms  the  femoral  sheath.  It  is 
pierced  by  the  spermatic  cord  or  round  ligamunt  of  the  uterus  at  the  internal 
abdominal  ring,  and  its  prolongation  into  the  inguinal  canal  around  the  cord  forms 
the  infoadiboliform  fiucU.  It  is  Hncd  internally  by  the  peritoneum,  from  which  it 
ia  separated  by  a  layer  of  extra-peritoneal  tissue. 

The  extra-peritoneal  tissue  is  usually  loaded  with  fat ;  it  envelops  the  kidneys, 
ureters,  suprarenal  capsules,  abdominal  aorta  and  inferior  vena  cava  and  their 
branches,  and  farms  sheaths  for  the  vessels  and  ducts  (ureter,  vas  deferens, 
etc)  It  is  continued  upwards  into  the  posterior  mediastinum  of  the  thorax 
through  the  aortic  opening  in  the  diaphragm,  and  below  is  in  continuity  with  the 
extra-peritoneal  tissue  in  the  pelvis.  It  not  only  completely  invests  the  kidneys 
and  suprarenal  capsules,  but  it  also  becomes  interpolated  between  the  layers  of 
[•eritoneum  upholding  and  enveloping  the  intestines.  This  tissue  is  absent  in 
relation  to  the  diaphragm,  on  the  under  surface  of  which  there  is  also  no  fat. 

THE  MUSCLES  OF  THE  ABDOMINAL  WALL. 

The  muscles  of  the  abdominal  wall  are  in  three  series — lateral,  anterior,  and 
posterior. 

The  lateral  muscles  of  the  abdominal  wall  comprise  the  obliquus  externus, 
ohliquus  internus,  and  transversalis  abdominis. 

The  ohliqnuB  extemns  abdominis  is  a  broad  thin  sheet  of  muscle,  with  an 
oiijia  from  the  outer  surfaces  of  the  lower  eight  ribs,  by  slips  which  inter- 
digitate  with  the  serratus  magnus  and  latissimus  dorsi  muscles.  The  muscular 
fibres  radiate  downwards  and  forwards,  the  lowest  fibres  passing  vertically  down- 
wards. The  lower  and  posterior  part  of  the  muscle  is  inserted  directly  by  fleshly 
fibres  into  the  outer  lip  of  the  ilj^  crest  in  its  anterior  half  or  two-thirds  (Fig. 
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290,  p.  373).     The  reat  of  the  muscle  is  inserted  into  an  extensive  triangular  a)-o- 

neurosis      cover- 

' —  ing  the  anterior 

aMominal    wall 

This  aponeuroeis 

ia  broader  below 

,  than  above ;  it  is 

united  with  port 

of  theaponeuroaig 

"^  of    the    obliquus 

intemus  in  the 
upper  three- 
fourths  of  its  ex- 
tent, to  form  the 
anterior  layer  of 
ptou  hMia        l-^^  shoath  of  the 

*"*"'  Second  lumb.t      rw*"""  mUBCl«.     It 

verteina  thus  gains  an  ai- 

p-o.s  tachment,   al"jve 

to    the   ensifnna 

iunii«tiui«r°    cartil^e,     below 

MuLTinDOB  ^  *'*'^   SjniphTSlS 

q  »piK«  pubis,  and  bv  it* 

SBBwriBiLis      in  termediate 

'"'"'  fibres  to  the  Ush 

alba,  a  broad  io- 

if  H  DOMi  terlacing  band  of 

c     .,D     -n..  =  .  fibres  about  half 

FlQ.  33B.—THANBVEI1SE  SBCTION   THROOKH   THB   Abdomen,   OPPOSITK   THE  -        L     ■  i.L 

Second  Luhbab  Vehtrbra,  »«  Uich   ID  width 

which  occupies 
the  middle  line  of  the  anterior  abdominal  wall  in  its  whole  extent,  and  forois  the 
greater  part  of  the  ultimate  insertion  of  all  the  lateral  abdominal  muscles. 


illtanoreiterniltlxlcalu 


Fio.  339.— TBI  UnoiN.     Tm  STHncruHEs  seen  on  bskoval  or  tbb  SupBHriciiL  Faku. 
The  upper  part  of  the  aponeurosis  covers  the  insertion  of  the  rectus  abdominii 
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muscle  on  the  cheat  wall,  and  gives  or^iu  to  fibres  of  the  pectoralis  major.  Below, 
iD  the  groin,  it  gives  rise  to  Poupart'a  ligament,  Gimbernat's  ligament,  the  external 
abdominal  ring  with  its  two  pillars,  the  intercolumnar  fascia  and  fibres,  and  the 
triiuigular  fascia. 

Poaput's  ligament  is  a  fascial  band  which  extends  from  the  anterior  superior 


FlO.   340,— ASTBBIOB   MUSOLIta   OK   THE  THIINK. 

iliitc  Spine  to  the  spine  of  the  pubis,  arching  over  the  iliacus,  psoas,  and  pectineus 
iDUBcIes.  It  represents  the  lower  limit  of  the  apoDeurosis  of  the  obliquus  externus 
ainlominis,  and  gives  attachment  below  to  the  fascia  lata  of  the  thigh.  Its  outer 
part  affords  partial  origin  to  the  deeper  lateral  muscles  of  the  abdominal  wall, 
^□d  receives  the  attachment  of  the  fascia  transversalis  and  fascia  iliaca ;  the  inner 
part  forms  the  gutter-like  floor  ol  the  inguinal  canal.  At  its  inner  end  a  triangular 
band  of  fibres  is  reflected  horizontally  backwards  to  the  ilio-pectineal  line,  forming 
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Oimbemat's  ligameat,  the  outer  edge  of  which  limits  internally  the  cmral  ring.  The 
femoral  vessels  enclosed  in  the  femoral  sheath  enter  the  thigh  beneath  Poup&rt's 
ligament,  in  front  of  the  psoas  muscle,  and  the  term  superficial  crural  arch  is  giyen 
to  the  part  of  the  ligament  which  covers  the  vessels. 

The  external  abdominal  ring,  the  place  of  exit  of  an  inguinal  hernia,  is  a  split  in 
the  aponeurosis  of  the  obliquus  extemus,  just  above  the  spine  of  the  pubis.  It 
transmits  the  spermatic  cord,  or  round  ligament  of  the  uterus,  covered  by  tlie 
cremaster  muscle  or  cremasteric  fascia.  The  opening  is  of  considerable  extent,  and 
its  edges  are  drawn  together  by  a  thin  fascia,  strengthened  super6cially  by  a  nnmb« 
of  arched  and  horizontal  fibres,  called  the  intercolumnar  fibres,  which  arise  from 
Poupart's  ligament  and  sweep  inwards  across  the  cleft  in  the  aponeurosis. 

The  margins  of  the  ring  constitute  its  pillars.  The  external  pilUr  is  nairuw, 
and  is  formed  from  that  part  of  the  aponeurosis  which  joins  the  pubic  spine,  and  i^ 
continuous  with  the  inner  eud  of  Poupart's  ligament.     The  internal  pillar  is  the 

part  of  the  a]»- 
neurosis  internal 
to  the  ring  which 
is  attached  totlif 
"'"■""^'"  crest   and    eym- 

physis   of  tin: 
OBLiaros  pubis.     It  is  Hat 

and  broad. 

iiio-iDgii  columnar     fihrw 

c  and  the  pillars  i'f 

oMiqnuA^S  ^^^  external  a!-- 

dominal  ring  are 
*''*'°°'  continuous  witi. 

o™it«r  »  thin  tubular 

sheath,  the  inttf 
iD(«i»i.pb  columnar   or  «- 

temal  apermatic 
&Bcia,  which  is 
attached  to  X\w 
margins  of  ih^ 
Fio.  341.— Thb  Gboin.    Thb  Sthdctches  seen  on  bemdval  of  piitT  OP  THE      "fine  "and  forms 

Obliquus    EUTKBNUa.  '''        ,  - 

an  envelope  for 
the  spermatic  cord  or  round  ligament  in  their  further  passage  beyond  the  abdomioal 
walL 

The  triancnlar  fttsda,  lastly,  is  a  triangular  band  of  fibres  placed  behind  tht- 
internal  pillar  of  the  external  abdominal  ring.  It  consists  of  fibres  from  tbe 
opposite  external  oblique  aponeurosis,  which,  having  traversed  the  linea  alba,  gain 
an  insertion  into  the  crest  and  spine  of  the  pubis. 

The  obliquus  ex ternuB  muscle  is  superficial  in  almost  its  whole  extent.  Iti^ 
overlapped  posteriorly  by  the  latissimus  dorsi  muscle,  but  may  be  separated  from 
it  just  above  the  iliac  crest  by  an  angular  interval  (triangle  of  Petit). 

The  obliqniia  intemns  abdominis,  a  broad  thin  sheet  lying  between  the 
obliquus  extemuB  and  the  trans versalis,  arises  from  (1)  the  lumbax  fascia,  (2)  the 
anterior  half  of  the  iliac  crest,  and  (3)  the  outer  half  of  Poupart's  ligament 
Directed  for  the  most  part  upwards  and  forwards,  its  highest  fibres  are  issartod 
directly  into  the  last  three  ribs.  The  rest  of  the  fibres  form  an  extensive  aponeu- 
rosis, broader  above  than  below,  which  ajilita  along  tbe  linea  Bemilnnaiis,  to  fonu,  alonjr 
with  the  aponeuroses  of  the  obliquus  externiis  and  transversalis  muscles,  tbe  aheBtli 
of  the  rectus  abdominis,  and  is  thereafter  inserted  into  the  seventh,  eighth,  and  ntntli 
costal  cartilages,  and  into  the  linea  alba  from  the  ensiform  cartilage  to  the  syniphTsis 
pubis.  The  fibres  arising  from  Poupart's  ligament  join  with  those  of  the  traos- 
versalis  muscle  having  a  similar  origin  to  form  the  conjoint  tendon,  which  pa'W 
altogether  in  front  of  the  rectus  muscle,  to  be  attached  to  the  pubic  crest  and  spine 
and  to  the  ilio-pectineal  line. 
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The  obliqiius  iuternua  is  limited  above  by  the  costal  arch.  Its  lower  fibres, 
utbiDg  over  the  spermatic  cord,  assist  in  forming,  exteroallj,  the  anterior  wall  of 
[lie  ioguinal  canal ;  internally,  by  means  of  the  conjoint  tendon,  it  helps  to  form 
[hi'  posterior  wall  of  the  canal. 

Its  lowest  fibres  are  continued  into  the  cremutar  muscle,  which  is  prolonged 
along  the  spermatic  cord  through  the  inguinal  canaL 

Tlie  cremaster  mUSClie  may  be  said  to  have  au  origin  from  the  lower  border  of  the 
rFMii|mia  interous,  and  from  the  centre  of  Poupart's  ligament.  It  forms  a  thin  sheet, 
i^uvdoping  the  testicle  and  spermatic  cord  ;  ita  fibres  arc  arranged  in  loops  which  arch 
ovpr  the  cord,  and  are  inaertdd  into  the  faecia,  and  to  a  legs  extent  (uppermost  fibres)  into 
the  pnbic  spine.  The  muscle  is  more  largely  represented  by  fascia  in  the  female,  and 
roiiHiciites  the  cremasteric  fascia. 

The  traiUTersalU  muBCle  oriaeB  (1)  from  the  under  surface  of  the  costal 
cartilages  of  the  lower  six  ribs,  inter-digitating  with  the  origins  of  the  diaphragm  : 
;2;  from  the  lumbar  fascia;  (3)  from  the  anterior  half  of  the  inner  lip  of  the  iliac 
cK»l :  and  (4)  from  the  outer  third  of  Poupart's  ligament.     The  muscular  fibres 


Fiu.  342.— TBI  OnoiN.     Tai  Stbuctdres  seen  on  reklexios  or  part  ok  tab  0rli41I[;9  Intbrnu.i. 

are  directed  for  the  most  part  horizontally  forwards,  and  end  in  an  aponeurosis 
ftliich  has  a  twofold  insertion.  (1)  After  forming  (along  with  the  apout'urosis  of 
ihe  ohliquus  internus)  the  posterior  layer  of  the  sheath  of  the  rectus,  the 
aponeurosis  is  attached  to  the  ensiform  cartilage  and  liuea  alba.  (2)  The  lower 
filires  of  the  muscle  arising  from  Poupart's  ligament  are  joined  by  the  lower  part 
of  the  obliquus  internus  to  form  the  larger  part  of  the  conjoint  tendon,  which  passes 
in  front  of  the  lower  part  of  the  rectus  muscle,  to  be  inserted  into  the  crest  and  spine 
uf  the  pubis  and  the  ilio-pecttneal  line. 

The  transversaliB  muscle  is  separated  by  the  lower  intercostal  nerves  from  the 
<iMiquus  iuternus  muscle,  and  is  lined  on  its  deep  surface  by  the  traiisversalis  fascia. 
Its  lower  border  forms  a  ooncave  edge,  separated  from  Poupart's  ligament  by  a 
luniilar  interval  in  which  the  traneversalia  fascia  appears,  and  through  which  the 
spermatic  cord  emerges  at  the  internal  abdominal  ring,  under  cover  of  the  obliquus 
[[iternus  muscle  and  the  aponeurosis  of  the  obliqiiuB  externuB. 

The  anterior  muscles  of  the  abdominal  wall  include  the  pyramidalis  and 
rectus  abdominis,  enveloped  by  the  sheath  of  the  rectus  on  either  side  of  the  linea 
alba. 

The  pyramidalis  abdominis  is  a  small  triangular  muscle  arising  from  the  pubic 
crest  in  froot  of  the  rectus  muscle  (Fig.  282,  p.  366).     It  is  directed  obliquely 
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upwards,  to  be  inserted  for  a  variable  distance  into  the  linea  alba.      The  miutcle 
ia  often  abasat. 

The  rectus  abdominis  mascle  ia  broad  and  Blrap-like,  and  arises,  by  an  inner 

and  an  outer  head,  from  the  Bymphysis  and  orest  of  the  pubis  (Fig.  282,  p^  36ii_- 

Kxpanding  a^  it  passes  upwards,  the  muscle  is  inawted  from  within  outwards  tnto 

the  front  of  the  ensiform  cartilage  (Fig.  246,  p.  322),  and  into  the  front  of  ihe 

seventh,   sixth,  and   fifth   costal   cartilages.      On  its  anterior   surface,   but   mn 

extending  through  the  entire  substance  of  the  muscle,  are  three  or  more  transversa 

tendinous  intersections  (linea  transTerss),  adherent  to  the  sheath  of  the  muscle  ; 

the  lowest  opposite  the  umbilicus,  and  the  highest  about  the  level  of  the  ensifonu 

cartilage.     Enclosed  in  its  sheath, and  covered  anteriorly  by  the  pyramidalis  mumle. 

the  rectus  conceals  the  8u]^rioraDddee[i 

epigastric  vessels,  the  tenninal  branches  I 

of  the   lower  thoracic   nerves  (which   | 

pierce  the  muscle  to  reach  the  anteriiT 

abdominal  wall),  the  fold  of  Douglas, 

and  the  fascia  transversalia     The  inner 

border  of  the  muscle  lies  alongside  the 

linea  alba;  its  outer  border  isconve-x  .ami 

corresponds  to  the  liaea  semilaiuuiA. 

The  sheath  of  the  rectos  mascle  i« 

J   derived  from   the  aponeuroses   of  llje 

lateral  muscles  of  the  abdominal  wall. 

which,  after  enclosing  the  muscle,  give 

rise  in  the  middle  line  to  the  linea  allu. 

At  the  linea  semilunaris,  at  the  oiitt^r 

border  of  the  rectus  muscle,  the  aiR>- 

neurosis  of  the  obliquus  int«mus  s]>lit.<< 

I   into  anterior  and  posterior  layers.    The 

anterior  layer,  joined  by  the  aponeurfwi* 

of  the  obliquus  extemus,  passes  in  from 

of  the rectus.and  constitutes  theanterior 

lamina  of  the  sheath.     The   poeterJDi 

layer,  joined  by  the  aponeurosis  of  tlif 

transversalis  muscle,  passes  betdud  the 

rectus,   and   constitutes   the  poeteri'H 

lamina  of  its  sheath.    Thiaarrangemenl 

F,Q.  343.-Tb>  8«^ath  w  the  Rbctus  abdohinis    ^jbtams  in  the  upper  three-fourths  >.l 

(I.)  In  the  thoracic  wdu  (11.)  lo  the  «pp.r  thr...   '^!«  abdominal  Wall.     Below  the  level 

quarters  of  the  abJominBl  wall;  (HI.)  In  the  lower    «'     the    HiaC   CrCSt     the    sheath    Of    the 

fourth  of  the  sbiioiiiiiwi  w»H.  miiscle  is  deficient  posteriorly,  anii  ii 

siUB  ABWiMlStB.    o.  Anterior  layer of  rectus »heMh  ;    marks  the  loWCr    hoilt  of  the  pOBtvmT 

6,  Fifth  coHtJ  csruiago ;  c.  siith  costal  cartilage ;  lamina.     In  consequence,  the  rectus  iu 

fhe«hv?T'i^»I'e?!^iis'ft^t''"°''ptritoneuir"'  *^^  '''"'^''  ^°'''"''''  ^^  ^^^^  abdominal  wall 
Unea  aiiiii.    1,  Deep  epigaatrio' artery.  '    '   rests    ujxtn    the    fascia    transveTnali." 

directly.  Close  examination,  however, 
usually  reveals  a  thin  layer  behind  the  muscle  in  continuity  with  the  fold  ol 
Douglas,  and  merging  below  with  the  fascia  transversalis.  In  this  region  the  rectiu 
is  covered  anteriorly  by  the  conjoint  tendon  of  the  obliquus  internus  and  trans- 
versalis, and  by  the  aponeurosis  of  the  obUquus  extemus,  which  is  gradiialh 
becoming  separate  from  the  subjacent  aponeurosis.  The  upper  part  of  the  recHi-. 
lying  on  the  chest  wall,  is  only  covered  anteriorly  by  a  single  layer  of  aponeurosis 
derived  from  the  obliquus  externus,  which  in  this  situation  is  giving  origin  to  the 
pectoralis  major  muscle. 

Ingninal  Oanal. — The  sjiermatic  cord  in  the  male,  and  the  round  ligament  in 
the  female,  in  their  passage  through  the  lower  part  of  the  abdominal  wall,  juis? 
through  the  inguinal  canal,  which  is  bounded  by  these  abdominal  muscles.  The 
canal  begins  at  the  internal  abdominal  ring,  phwed  half  an  inch  above  Pouiiari- 
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[(■.-anient,  and  midtray  between  the  anterior  superior  iliac  spine  and  the  Bymphyais 
(iiibis.  It  ends  at  the  external  abdominal  ring,  placed  above  the  spine  and  crest 
of  the  pubia  The  front  wall  of  the  canal  is  formed  by  the  aponeurosis  of  the 
iililiquus  externu3,  and  in  its  outer  pnrt  by  the  muscular  fibres  of  the  obliquus 
iaternos ;  the  hack  vmll  of  the  canal  is  formed  by  the  fascia  trans  versa)  is,  and  in 
its  inner  part  by  the  conjoint  tendon  ;  while  the  Jioor  of  the  canal  is  formed  by 


fir..  341.— View  o 

Puupart's  ligament,  aud  in  its  inner  part  by  Gimbernat's  ligament.  The  a[)ermatic 
(lord,  piercing  the  transversalis  fascia,  enters  the  inguinal  canal  at  the  internal 
al-'iorainal  ring,  and  is  there  invested  iiy  its  first  envelope,  the  infandibulifoim  or 
uitsnuU  Bpennatic  fiuda,  a  sheath  of  fascia  derived  from  the  margin  of  the  ring  and 
contmuoua  with  the  fascia  trans versalia.  It  then  passes  obliquely  inwanis.  down- 
wards, and  forwards,  and  escapes  below  the  lower  border  of  the  obliquus  internus 
muscle,  from  which  it  carries  off  a  second  investment,  partly  fascial,  partly  muscular 
dl 
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— the  cremaster  muscle  or  cremasteric  fascia.  Continuing  its  course  in  front  of  the 
conjoint  tendon,  it  emerges  through  the  external  abdominal  ring,  from  the  edges  of 
which  the  intercolnmnar  foscia  is  derived,  the  third  or  external  investment  for  the  corcL 

Hesselbach's  triangle,  bounded  below  by  the  line  of  Poupart  s  ligament^  internally 
by  the  rectus  abdominis  muscle,  and  externally  by  the  deep  epigastric  arter\*  ud 
the  mesial  side  of  the  internal  abdominal  ring,  is  the  site  of  one  form  of  inguinal 
hernia.  The  spermatic  cord  passes  over  the  base  of  the  triangle,  covered  over 
by  the  aponeurosis  of  the  obliquus  externus.  Behind  the  cord,  and  forming  the 
floor  of  the  triangle,  are  the  fascia  transversalis  and  the  conjoint  tendon  of  thtf 
obliquus  internus  and  transversalis  muscles. 

Tngninal  Hernia. — For  an  account  of  the  anatomical  relations  of  the  inguinal 
canal  to  the  various  forms  of  inguinal  hernia,  see  the  section  on  "  Applied  Anatomy.'^ 

The  posterior  muBcles  of  the  abdominal  wall  and  faLse  pelvis  include  thv 
psoas  (magnus  and  parvus)  and  iliacus,  described  already  (p.  363),  and  the  quadratus 
lumborum. 

The  quadratus  lumborum  lies  on  the  posterior  wall  of  the  abdomen  extemnl 
to  the  psoas,  and  extends  between  the  iliac  crest  and  the  last  rib.  It  arises  from 
the  posterior  part  of  the  iliac  crest,  from  the  ilio-lumbar  ligament,  and  from  the 
transverse  processes  of  the  lower  lumbar  vertebrae.  It  is  inserted  above  into  the 
inner  part  of  the  lower  border  of  the  last  rib  and  the  transverse  processes  nt 
the  upper  lumbar  vertebrse.  It  is  enclosed  between  the  anterior  and  middle 
layers  of  the  lumbar  aponeurosis  (p.  391),  and  is  placed  behind  the  colon,  kidney 
and  psoas  muscle,  in  front  of  the  multifidus  spinae  and  the  lumbar  transverse 
processes.     Its  outer  border  is  directed  obliquely  upwards  and  inwards. 

Nervk-Supply. 

The  nerve -supply  of  all  the  foregoing  muscles  except  the  psoas,  cremaster,  quadratus 
lumborum,  and  iliacus,  is  derived  from  the  anterior  primary  divisions  of  the  lower  six  thoFKic 
nervea  The  pyramidalis  muscle  is  innervated  by  the  last  thoracic  nerve.  The  cremaster  roux  I*- 
receives  its  supply  from  the  genito-croral  nerve,  whilst  the  quadratus  lumborum  is  inner^atoi 
by  the  first  three  or  four  lumbar  nervea  The  psoas  and  iliacus  muncles  are  supplied,  din^tly  or 
through  the  anterior  cmral  nerve,  from  the  second,  third,  and  fourth  lumbar  nerves. 

Actions. 

Many  of  the  actions  of  the  above  muscles  have  already  been  given  in  previous  sectionsL  1 
Their  chief  action  is  to  retract  the  abdominal  walls,  and,  by  com})reBsin^  the  contents  of  tl;*- 
alxiomen,  they  are  powerful  agents  in  vomiting,  defaecation,  micturition,  parturition,  ani 
laboured  expiration.  (2)  They  are  also  flexors  of  tne  spine  and  pelvis — the  muscles  of  bt>th  ?ni»^ 
acting  together  ;  the  spine  and  ])elvis  are  laterally  flexed,  when  one  set  of  muscles  acts  alone.  3 
The  quadratus  lumborum  is  a  muscle  of  inspiration,  an  extensor  of  the  spine,  and  a  lateral  flexor 
of  the  spine  and  pelvis. 

FASCIiE  AND  MUSCLES   OF   THE   PERINEUM  AND   PELVIS. 

FASCIiE  OF  THE  PERINEUM. 

The  superficial  fascia  of  the  perineum  possesses  certain  special  features.  Ii 
is  continuous  with  the  superficial  fascia  of  the  abdominal  wall,  thigh,  and  buttock, 
aud  is  prolonged  on  to  the  penis  and  scrotum.  In  relation  to  the  penis,  it  i< 
devoid  of  fat  and  consists  only  of  areolar  tissue.  In  relation  to  the  scrotum,  it  i:* 
intermingled  with  involuntary  muscular  fibres,  and  constitutes  the  dartos  miude. 
which  assists  in  suspending  the  testicles  and  corrugating  the  skin  of  the  scrotum. 
This  fascia  also  forms  the  septum  of  the  scrotum,  which,  extending  upwards,  in- 
completely separates  the  two  testicles  and  their  coverings.  In  the  female  thi' 
superticial  fascia  takes  a  large  share  in  the  formation  of  the  mons  veneris  and 
labia  majors,  in  which  a  considerable  quantity  of  fat  occurs. 

The  fascia  over  the  posterior  part  of  the  perineum  fills  up  the  ischio-rectal  fossa?, 
in  the  form  of  two  pads  of  adipose  tissue,  on  either  side  of  the  rectum  and  anua 
Over  the  tuberosities  of  the  ischium  the  fat  is  largely  replaced  by  bands  of  fibrous 
tissue  closely  adherent  to  the  subjacent  deep  fascia. 
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The  fascia  in  the  anterior  part  of  ike  perineum  closely  resembles  the  Bsme 
fasoia  Id  the  groin.  It  is  divisible  into  a.  Buperficial  fatty  and  a  deeper  meraliranoua 
layer;  the  former  continuous  with  the  same  layer  in  the  thigh,  and  with  the  fat 
of  ihe  iachio<rectal  fossa  posteriorly.  The  deeper  membranous  layer  is  attached 
UteruUy  to  the  pubic  arch,  posteriorly  to  the  base  of  the  triangular  ligament,  and 
m  the  middle  line  to  the  root  of  the  penis  (bulb  and  corpus  spongiosum)  by  a 
median  raphe  continuous  farther  forwards  with  the  septum  of  the  scrotnm 
meotioned  above.  Anteriorly  the  fascia  is  continued  over  the  spermatic  cords  to 
the  anterior  abdominal  wall.  The  importance  of  this  fascia  lies  in  relation  to  the 
extravasation  of  urine  from  a  rupture  of  the  urethra.  By  the  fascial  attachments 
the  fluid  is  prevented  from  passing  backwards  into  the  ischio-rect-il  fossa,  or 
laterally  into  the  thigh.  It  is  directed  forwards  into  relation  with  the  scrotum 
and  penis,  and  along  the  spermatic  cord  to  the  anterior  abdominal  wall.  The 
septum  of  the  scrotum  being  incomplete,  fluid  extravasated  on  one  side  can  pass 
acrues  the  middle  line  to  the  opposite  half  of  the  perineum  and  scrotum. 

The  deep  fascia  of  the  perineum  only  exists  in  the  form  of  the  delicate 
ap(i neuroses  of  the  muscles. 

THE   MUSCLES  OF   THE    PERINEUM. 

The  perineal  muscles  are  naturally  separated  into  a  superficial  and  a  deep  set  by 
tlie  triangular  ligament.     Superficially  are  the  sphincter  ani  externus,  transversus 


perineal  branch  of  fuurtli  uenl  otm  ArUrioi  Hcro-coccygMl  D«r*e 

Fio.  315,— Thb  Musclw  *«d  Neitvn  o?  to*  Mali  Pbrinbuh. 

l-erinei  superficialis,  bulbo-cavemosus,  and  ischio-cuvernosus ;  beneath  the  triangular 
ligament  is  the  compressor  urethrse. 

Sphincter  ani  Exfeemns. — This  muscle  is  fusiform  in  outline,  flattened,  and 
oliliquely  placed  around  the  anus  and  anal  canal.  It  can  be  separated  into 
three  layers, — subcutaneous,  superficial,  and  deep.  (1)  The  most  superflclal  Umina 
tonsisls  of  subcutaneous  fibres  decussating  behind  and  in  front  of  the  anus,  but 
Titliout  bony  attachmeuta.  (2)  The  spUncter  ani  snperflciaUs  conatitntes  the 
main  portion  of  the  muscle.  It  is  attached  posteriorly  to  the  coccyx,  and  in 
f^ut  of  the  anus  reaches  the  central  point  of  the  perineum.     (;i)  The  deep  fibres 
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of  the  muacle  form  for  the  most  part  a  complete  sphincter  for  the  anal  canal  Tlx'y 
are  continuous  with  the  fibres  of  the  levator  ani :  they  encircle  the  anal  caual,  anil 
blend  aDterioily  with  the  central  point  of  the  perineum  and  the  transvcr^im 
perinei. 

The  niuBcle  enrroundfl  the  anua,  covered  only  by  the  skin,  superficial  fascia,  auii 
the  comigator  cutis  ani  (a  series  of  non-striated  muscular  fibres  radiating  from  the 
anal  opening).  It  rests  on  tlie  edge  of  the  levator  ani,  and  forms  the  mediuD 
houndary  of  the  iscbio-rectal  foasa. 

The  trausversas  perinei  saperficialis  is  not  always  present  It  consisu  uf  a 
more  or  less  feeble  bundle  of  fibres,  arising  from  the  ascending  ramus  of  the  ischiuDj 
and  the  fascia  over  it,  and  from  the  base  of  the  triangular  ligament.  It  is  directed 
inwards  and  forwards  to  be  inserted  into  the  central  point  of  the  perioeuin.  It 
conceals  the  base  of  the  triangular  ligament,  and  has  a  variable  relation  tw  the 
superficial  perineal  vessels  and  nerves. 

The  bnlbo-cavemosas  (ejaculator  urinse),  in  the  male,  surrounds  the  bulb,  corpus 
spongiosum,  and  root  of  the  penis.  It  ia  sometimes  separated  into  two  parts— 
posterior  (compressor  bulbi),  and  anterior  (compressor  radicis  penis).  It  ariMt  from 
the  central  point  of  the  perineum,  and  from  a  median  raphe  on  the  under  surface  of 

the  bulb  and  corpus 
spongiosum.  The  mus- 
cular fibres  are  direct  eii 
outwardsand  forwanJiJ, 
"  and  have  a  triple  inaer- 
tion :  from  behind  for- 
wards, (1)  into  the 
under  surface  of  tlie 
triangular  ligameDt ; 
11  (2)  into  the  membraDf 
covering  the  corpus 
spongioeuni ;  and  (;> . 
after  encircling  the 
Hva  corpora  cavernosa,  IdIo 
the  fascia  covering  i\k 
dorsum  of  the  penis. 

The  ischio-bul- 
oKi  bosUS,  not  alvHTs 
present,  arises  from  tlie 
ischium,  and  p&sses  oh-  I 
Hquely  inwards  and  for- 
wards over  the  buH-j- 
cavemosus,  to  be  in- 
serted into  the  raphe 
superficial  to  that  musi-lt. 
It  belongs  to  the  sHnie 
stratum  as  the  traTl^- 
ve  reus  perinei  and  erector 

SCHtKCTER  INl  EXTIRSHS  penjs.  ^ 

Fio.  34e.-THE  MuscLRs  OF  THS  Fkmale  I'EBii'ifCH  {ntiet  Pct«T  The  COmpfCSSOr 

Thnnip-oi,).  hemispherium  bulbi 

is  frequentlv  absent.  Ii 
consists  of  a  thin  capbke  layer  of  mnscular  fibres  surrounding  the  eitromity  of  the 
bulb  under  cover  of  the  bulbo-cavernosus. 

The  bulbo-cavemoauB  (sphincter  vaginae),  in  the  female,  is  separated  into  lalj-ral 
halves  by  the  vaginal  and  urethral  openings.     It  forms  two  thin  lateral  layen 
covering  the  vaginal  bulbs,  and  arisM  behind  the  vaginal  orifice  from  the  oentrai     , 
point  of   the  perineum.      Anteriorly  it  is  tasertod  into  the  root  of   the  clitoris.     I 
some  of  its  fibri's  embracing  tlie  corpora  udvernosa  so  as  to  reach  the  dorsum  of 
the  clitoris.  i 

The  ischio-cavernoanB  (erector  penis),  in  the  male,  covers  the  cms  penis.     It 


THE  MUSCLES  OF  THE  PERINEUM.  437 

trisee  tVom  the  ischittl  tuberoeity  and  the  great  sacio-sciatic  ligament,  aud  passing 
for«Hrd»,  is  inserted  by  a  tascial  attachment  into  the  under  surface  of  the  crus 
[lenis,  and  into  the  outer  side  and  dorsal  aspect  of  the  corpus  cavernosiim. 

The  isohio-oavemoBus  (erector  clitoridis),  in  thefejtiale,  lias  a  similar  disposition, 
bul  is  of  much  smaller  size  than  in  the  male. 

THl'  pabo-caTemosus  is  au  ocoaiiiunal  slip  ariBing  from  thv  pubic  ramus,  Bii'l  iiuerted  into 
\\iK-  ilursmn  uf  th«  ptuis.     It  coirespondu  to  tlie  levator  penis  of  lower  aniiiialH. 

The  compreasor  nrethns  (constrictor  urethne)  constitutes  the  deeper  muscular 
[iinitum  of  the  perineum.  It  is  placed  on  the  pelvic  aspect  of  the  triangular 
Ugauient.  It  arises  from  the  lower  part  of  the  pubic  ramus,  and  is  directed  inwards, 
it»  fibres  radiating  so  as  to  enclose  the  membranous  urethra.  It  is  inserted  into  a 
median  raphe,  partly  in  front  of  the  urethra,  but  for  the  most  part  behind  it.  The 
libres  most  intimately  related  to  the  urethra  form  a  tubular  sheath  for  the  canal, 
;inJ  have  no  bony  attachments. 

The  most  anterior  and  most  posterior  fibres  of  tbe  compressor  urethne  exist  sometimeB 
.i>  separate  miiaciea. 

The  transversus  perinei  profundus  consists  of  a  bundle  of  fibres  on  either  side, 
arlBing  from  the  ascending  ramus  of  the  ischium  just  below  the  compreasor  urethree.  It 
Is  inserted  into  a  median  raphe  continuous  with  that  of  the  compressor  urethrte.  The 
raiiiile.  in  fact,  cimstitutes  a  separate  bundle  below  and  behind  the  compressor  urethra. 

The  iscldo-ptibiciis  is  a   tern)    applied    to   a  feeble    bundle  of    fibres  which,   when 


Kj<;.  atT.—THB  TauHaniiAR  Uo&hent  of  the  PEniXEUu,  and  tue  Tp.nMiNATioM  OF  THE  PcDtc  Nerve. 

I'resent,  lies  above  and  in  front  of  the  compressor  urethne.  It  arises  from  the  pubic 
ramus,  and  ia  inserted  into  a  median  raphe  in  front  of  the  membranous  urethra.  This 
muscle  ia  homologous  with  the  compresaor  veiue  dorsalis  penis  of  lower  animals. 

The  compresaor  uretbrEB  in  the  female  is  smaller  than  in  the  male.  Its 
in.sertion  is  modified  by  the  relations  of  the  urethra  to  the  vagina.  The  anterior 
tilires  are  continuous  with  those  of  the  opposite  side  in  front  of  the  urethra  ;  the 
itiiirmediate  fibres  pass  between  the  urethra  and  vagina,  and  the  posterior  fibres 
ore  attached,  along  with  the  transversns  perinei  profundus  (transversus  vaginse),  into 
the  side  of  the  vagina. 

Nerve-Sl-pplv. 

Thu  pndic  nerve  (S.  2.  3.  4.)  Bupplies  all  the  musclea  iu  this  group ;  the  external  sphincter 
rWuf-h  the  inferior  hemorrhoidal,  and  the  others  through  the  iierineal  branch  of  the  nerve. 
The  eiternal  sphincter  ia  also  supplied  by  the  perineal  branch  of  tne  foorth  sacral  nerre. 
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Actions. 
The  flxternal  tphincter  cloaea  the  anal  canal.  The  tnuinenu  pninai  nparflGUlu  draws 
back  and  fiies  tlie  cenlral  point  of  the  perineum,  asaiated  hy  the  external  sphincter.  The  bnlbo- 
cavemosns  of  the  male  constricts  the  bulb  and  corpus  Bpongioeum,  and  so  eipreMes  the  la»t  drupe 
of  urine  or  semen.  In  the  female  it  acta  as  a  feeble  aphincter  of  the  vagina.  The  ischio- 
UTBTiiosna  and  bnlbo-cavernoiiu  help  in  erection  of  the  penia  or  diloria.  The  eompnoor 
nnthrs  conatricU  the  membranoua  urethra,  and  iii  the  female  beipe  to  flatten  and  fix  the  wall  af 
the  vagina.  It  also  assists  in  causing  erection  of  the  penia  or  clitoris  by  compression  of  the  tcids 
in  relation  to  it. 

FASCIA  OF  THE  PELVIS. 

The  pelvic  basin,  placed  obliquely,  deeper  and  more  hollowed  behind  than  Id 
front,  and  imperfect  in  its  bony  boundaries,  is  to  a  large  extent  completed  by  liga- 
ments. The  sacro-sciatic  ligaments  behind,  the  obturator  membrane  laterally,  and 
the  triangular  ligament  in  front  assist  in  filling  up  its  osseous  deficiencies.  It  if 
almost  entirely  clothed  internally  by  muscles:  by  the  pyriformis  on  each  side 
behind,  the  obturator  internus  at  the  side,  and  the  compressor  urethne  in  contact 

Corpn*  tpofigioniD  pwilt 
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with  the  triangular  ligament  in  front.  Indeed,  the  bones  of  the  pelvis  only 
project  into  the  cavity  in  three  places ;  the  spines  of  the  ischium  project  into  the 
cavity  on  each  side,  and  the  pubis  appears  in  its  anterior  wall 

The  pelvic  fascia  forms  a  cylindrical  membrane  lining  the  wall  of  the  pelvis,  as 
an  aponeurosis  for  ita  muBcles,  It  is  attached  above  and  below  to  the  inlet  and 
outlet  of  the  pelvis  ;  above  to  the  promontory  of  the  sacrum,  ilio-pectineal  line,  and 
back  of  the  pubis ;  below  to  the  coccyx,  great  sacro-sciatic  ligament,  tuber  ischii, 
and  the  base  of  the  triangular  ligament.  This  cylindrical  membrane  is  the 
parietal  pelvio  fascia ;  it  forms  the  pyiifonnii  fiuda  behind,  the  obtarator  &seia 
at  the  side  of  the  pelvis,  and  the  so-called  posterior  Iftyer  of  the  triuwular  Ucameat 
in  front.  As  this  fascia  lines  the  pelvic  wall  it  obtains  attachments  to  the  pro. 
jecting  bones,  to  the  back  of  the  pubis  anteriorly,  and  to  the  spine  of  the  ischium 
on  each  side.  It  is  deficient  in  relation  to  the  obturator  groove,  through  which 
the  obturator  artery  and  nerve  pass  to  reach  the  thigh. 

The  whit«  lino,  a  thickened  band  of  the  fascia,  extends  between  the  back  of 
the  pubis  and  the  spine  of  the  ischium,  and  roughly  indicates  the  line  of  sepaiatioo 
of  the  pelvic  cavity  from  the  ischio-rectal  fossa.  The  white  line  serves  two 
purposes :  it  gives  origin  to  fibres  of  the  levator  ani  muscle,  and  also  to  a  secondary 


FASCIA  OF  THE  PELVIS.  439 

sheet  of  fascia,  known  as  the  Tiiceral  pelvic  Cucta,  which  srchee  downwards  and 

inwards  across  the  floor  of  the  pelvis  to  be  connected  with  the  pelvic  viscera.     This 

membrane  is  thin  and  unimportant  behind,  as  it  passes  forwards  from  the  lower 

sat^rai  vertebrs  to  the  rectum.     It  is  thicker  at  the  sides  and  front  of  the  pelvis, 

where  it    forms 

istout  membrane       i"*co.  aoioij  j. 

concave  upwards,  '""  "^  f 

l;ODtiDUOUS  mesi-  Mvle  parlliMitiuD 

ally   with    the  p.i»iofcKi. 

fibrous   coats    of  ■""■'™*^"i 
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tat«   gland,   and 

);ives  rise  to  two  lateral  folds — the  pnbo- prostatic  Il«am«ntB,  which  enclose 
between  them  a  hollow  on  the  pelvic  aspect  of  the  fascia,  known  as  the  cavum 
Bet&L  The  lateral  portion  of  the  visceral  pelvic  fascia  constitutes  the  recto-Tssical 
I»7ar,  divisible  into  three  parts — vtsical,  rectal,  and  between  these  the  recto-vesicat 

layer,  a  partition  insinuated 
I'Wmii  I  between    the    rectum    and 

bladder,  and  enclosing  the 

vesiculse  seminales  and  vasa 

^^  deferentia.      This    visceral 

pelvic  fascia  thus  forme  a 
support  for  the  pelvic  vis- 
cera, and  at  the  same  time 
acts  as  a  partition  between 
the  pelvic  cavity  and  the 
perineum.     It  is  separated 
'^  from  the  pelvic  cavity  by 
to  the    peritoneum    and    the 
extra-peritoneal  tissue,  and 
is  in  contact  with  the  levator 
i™.°Jl!C?'  *°'  muscle  on  ita  perineal 

I'^ii^D  surface.     The  internal  iliac 

™"""  vessels  and  their  branches 

—  obt™to7i:^i.  lie  on  the  pelvic  aspect  of 

no.  3S0.-Ta.  OUWR  W4U.  o,  th.  P.lv«  (Pdvic  F«cia).         ^^"^  *?«='*■  ""^  the  parietal 

vessels  pierce  it,  and  are  en- 
sheathed  by  it  as  tliey  leave  the  pelvis.  On  the  other  hand  the  spinal  nerves 
farming  the  sacral  plexus  lie  outside  the  fascia  with  one  exception.  The  obturator 
nerve,  after  piercing  the  inner  border  of  the  psoas  muscle  and  the  psoas  fascia,  leaves 
the  pelvis  through  a  special  hole  in  the  pelvic  wall,  after  traversing  the  extra- 
I'eriioneal  tissue. 

The  pelvic  fageia  in  the  female  only  differs  in  slight  detail  from  that  of  the 
male.  It  encloses  the  ne^k  of  the  bladder  and  vagiua  instead  of  the  prostate 
gland,  and  invests  the  lower  part  of  the  neck  of  the  uterus  instead  of  the  vesiculte 
waiinales. 
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MUSCLES  OF  THE  I'ELVIS. 


The  pelvic  diaphragm  conBiats  of  several  more  or  less  rudimentary  muscular 
Blips,  constituting  the  levator  ani  and  ischio-coccygeuB  musclea,  which  senv  tn 
uphold  the  peh-ic  floor,  and  are  related  to  the  rectum  and  the  prostate  glaud  ur 
vagioa. 

The  levator  ani  arises  from  (1)  the  back  of  the  body  of  the  pubis,  {'1;  ilte 
parietal  pelvic  fascia  above  or  along  the  white  line,  and  (3)  the  spine  of  the  ischium 
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Its  fibres  are  directed  downwards  and  backwards,  to  be  innrted  into  (1)  the  (vulrdl 
point  of  the  iHjrineum,  (2)  the  external  sphincter  around  the  anus  and  llie  «di'- 
coccygeal  raphe  l>ehind  the  anus,  and  (3)  into  the  aides  of  the  lower  sacral  aud  tin- 
coccygeal  vertebrie. 

The  concave  uppi-r  surface  of  the  luuscle  is  covered  in  jwirt  by  the  vi.^i^cral 
pelvic  fascia;  in  part  it  is  in  contact  with  the  rectum  behind  and  the  prcsw:!- 
gland  or  vagina  in  front.  The  inferior  convex  surface  of  the  muscle  forms  ilir 
inner  wall  of  the  ischio-rectal  fossa.  Its  posterior  edge  is  overlapped  by  llie 
ischio-c(XMiyt;eu8;  its  anterior  edge  is  in  contact  with  the  posterior  layer  of  lli'' 
triangular  ligament. 
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The  levator  ani  is  divisible  into  four  parts — pubo-rectalis,  pubo-coccygeus,  ilio- 
eoccygeus,  and  ilio-sacralis.  The  pnbo-rectalis  (levator  prostatee)  is  the  part  inserted  into 
the  central  point  of  the  perineum.  The  pubo-coccygenfl  is  the  part  inserted  into  the  anus 
aud  the  ano-coccjgeal  raphe,  and  the  ilio-coccygens  and  ilio-sacralis  are  represented  by 
the  fibres  attached  to  the  sacrum  and  coccyx.  The  first  two  are  best  developed  ;  the  last 
two  series  of  fibres  are  the  most  rudimentary.  These  several  parts  of  the  muscle  represent 
the  remains  of  the  flexor  caudae  of  tailed  animals. 

The  ischio-coccygeus  is  a  rudimentary  muscle  overlapping  the  posterior  border 
of  the  levator  anL  It  arises  from  the  ischial  spine  and  the  small  sacro-sciatic 
li^zament,  and  is  inserted  into  the  sides  of  the  lower  two  sacral  and  upper  two 
coccygeal  vertebrse.  The  muscle  is  separated  from  the  rectum  by  the  visceral 
pelvic  fascia,  and  is  in  contact  externally  with  the  sacro-sciatic  ligaments. 

Nervb-Sdpply. 

The  levator  ani  is  supphed  from  two  sources :  bv  the  perineal  ^muscular)  branch  of  the  pudic 
iierre,  and,  on  its  pelvic  surface,  by  special  branches  from  the  tnird  and  fourth  sacral  nerves. 
The  ischio-coccygeus  is  supplied  on  its  pelvic  surface  by  the  third  and  fourth  sacral  nerves. 

Actions. 

[I)  The  levator  ani  and  ischio-coccygeus  serve  to  uphold  and  slightly  raise  the  pelvic  floor. 
2;  They  are  likewise  capable  of  producmg  slight  flexion  of  the  coccyx.  (3)  The  anterior  fibres 
of  the  levator  ani,  in  the  female,  sweeping  round  the  vagina,  compress  its  walls  laterally,  and 
along  n-ith  the  sphincter  vaginae,  help  to  voluntarily  diminish  the  lumen  of  the  tube.  (4)  The 
fame  part  of  the  muscle  in  the  male  elevates  the  prostate  gland  (levator  prostatae).  (5)  The  chief 
ai  lion  of  the  levator  ani  is  in  deftzcaium.  Along  with  the  external  sphincter  it  acts  as  a  sphincter 
(if  the  rectum,  closing  the  anal  canal  During  defsscation  the  muscle  draws  upwards  the  anus 
over  tlie  fsecal  mass,  and  so  assists  in  its  expulsion.  (6)  In  parturition^  in  the  same  way,  the 
muscle,  contracting  below  the  descending  foetal  head,  retards  delivery.  Contracting  on  the  foetal 
bead,  it  draws  upwards  the  pelvic  floor  over  the  foetus,  and  so  assists  delivery. 

THE  DEVELOPMENT  AND  MORPHOLOGY  OF  THE  SKELETAL  MUSCLES. 

Our  knowledge  of  the  development  and  morphology  of  the  muscular  system  is  very 
incomplete.  It  has  already  been  shown,  in  the  chapter  on  general  embryology,  that  the 
uiesoblast  on  either  side  of  the  embryonic  medullary  tube  separates  into  three  main  parts — 
the  myotome,  nephrotome,  and  sclerotome  or  lateral  plates  (somatopleure  and  splanchno- 
pleure). 

The  myotomes  are  probably  directly  or  indirectly  the  source  of  the  striated  muscles 
of  the  whole  body.  Each  consists  at  first  of  a  quadrilateral  bilaminar  mass,  resting 
a<:aiust  the  medullary  tube  aud  notochord  on  either  side.  The  cleft  between  its  two  layers 
represents  the  remains  of  the  ccBlomic  cavity.  In  the  early  stages  of  embryonic  life  the 
^>wth  of  the  myotome  is  rapid.  On  its  inner  side  masses  of  cells  arise,  which  grow  in- 
wards and  surround  the  medullary  tube  and  notochord  to  form  the  foundation  of  the 
vertebnil  column.  On  its  outer  side  cells  appear  to  be  given  off  which  participate  in  the 
formation  of  the  cutis  vera.  At  the  same  time  the  dorsal  and  ventral  borders  of  the 
myotome  continue  to  extend,  and  present  extremities  (growing  points)  with  an  epithelial 
structure  for  a  considerable  period.  On  the  dorsal  side  it  overlies  the  medullary  tube,  and 
gives  rise  to  the  muscles  of  the  back ;  while  by  its  ventral  extension,  which  traverses  the 
fiomatopleuric  mesoblast  in  the  body  wall,  it  produces  the  lateral  and  ventral  muscles  of 
the  trunk.  By  an  inward  extension  it  probably  gives  rise  also  to  the  hypaxial  muscles  of 
the  neck  and  loin.  The  cells  of  the  inner  layer  of  the  myotome  are  responsible  for  the 
formation  of  the  muscle  fibres.  The  cells  elongate  in  a  direction  parallel  to  the 
long  axis  of  the  embryo,  and  give  rise,  by  fusion  with  the  cells  of  neighbouring  myotomes, 
to  the  columns  and  sheets  of  muscles  of  the  back  and  trunk.  For  the  most  part  {e.g.  back 
and  abdomen)  the  originally  segmental  character  of  the  muscular  elements  is  lost  by  the 
more  or  less  complete  fusion  of  adjacent  myotomes.  The  intercostal  muscles,  however, 
are  the  direct  derivatives  of  individual  myotomes. 

Muscles  of  the  Limbs. — In  fishes  and  (doubtfully)  reptiles  there  is  evidence  that 
the  myotomes  are  concerned  in  the  formation  of  the  limb-muscles  by  their  extension  into 
the  limb-bud  in  a  manner  similar  to  that  described  for  the  trunk.  In  birds  and  mammals, 
however,  in  which  the  limb -bud  arises  as  an  undifferentiated,  unsegmented  mass  of 
mesoblastic  tissue,  partly  from  the  mesoblast  surrounding  the  notochord,  and  partly  from 
the  Bomatopleuric  mesoblast,  the  myotomes  stop  short  at  the  root  of  each  limb,  and 
do  not  penetrate  into  its  substance.  Instead,  the  muscular  elements  of  the  limb  take 
32 
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origin  independeittly  as  doub/e  dorml  and  vmtral  ttrala  of  fkisiform  cells  on  the  dorsal  and 
ventral  surfaces  of  the  linib-biid.  These  strata  are  untegmentrd ;  they  are  grouped  arouii'l 
the  skeletal  elements  of  the  limb,  and  they  gradually  become  differentiated  into  the  inu>cle 
masses  and  individual  muscles  of  the  limb. 

Muscles  of  the  Head. — Notwithstanding  the  obscurity  and   complexity  of  ihii 
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subject,  it  nppears  certain  that  at  lea*t  two  terifa  of  elementary  structures  are  concempil 
in  the  formation  of  the  muscles  of  the  head  and  face — the  cephalic  myotomes  and  the 
muscular  structure  of  the  bnuicMal  arches. 

The  number  of  myotomes  originally  existing  in  the  region  of  the  head  is  not  known, 
although  it  is  stated  with  some  authority  that  nine  is  the  perfect  number.     Tbe,jfr((  (Ar" 
are  described  as  persisting  in  the  form  of  the  ocular  muscles,  the  latt  three  in  relation  U> 
the  muscles  of  the  tongue,  while  the  three  intervening  myotomet  disappear. 
The  following  table  shows  the  possible  fate  of  the  cephalic  myotomes  :^ 
First,  Superior,  internal  and  inferior  recti,  obliquus  inferior,  levator  palpebne  superioriR. 
Sa^nd,  Oliliquus  superior. 
Third,  Rci'tiia  exlcmus. 
Fourth,  Fifth  and  Sixth,  AIwenL 
S.,:nth,  1 

Fidhth,  I  Mneclee  of  the  tongue. 

Ninth,  I'Miigvles  connei^ting  tlie  cranium  and  shoulder  girdle. 

Tenth  (firtl  a-rmcal)    ! 

Themesoblaatic  tiflsneof  the  branchial  arches  is  probably  concerned  in  the  produLtioii  <'f 
the  following  niUHLJia  of  the  fiicu  and  neck  : — 

Firtl  (rnnniiihular)  areh,  .         .  MiiBclee  of  mastication. 

(PlatyBma  mvoided  and  facial  muscles. 
Second  [hyoid)  arch         .         ,         .         \  Muscles  of  the  soft  palate. 

Istanediiis,  Ptylo-hyoid,  and  digastric 
nfri(l%™.A,«J)«r,A  .         .         (Sly)o-pharjl,g.,» 

'         '■    v     '  s     '  (SupPNor  coiielnctor. 

H.M  .,,1  Fifth  (l™.rt,„I)  .„!„        {Sii!li'S''th';'£Slii"" 


THE    NERVOUS   SYSTEM. 

THE  BRAIN  AND  SPINAL  CORD,  WITH  THEIR  MENINGES. 

By  D.  J.  Cunningham. 

Thb  nervous  system  connects  the  various  parts  of  the  body  with  each  other  and 
co-ordinates  them  into  one  harmonious  whole.  Its  relatively  great  bulk  and  its 
extreme  complexity  constitute  two  of  the  most  distinctive  structural  features 
of  man.  It  consists  of  two  parts,  viz.  the  cerebrospinal  nervous  system  and  the 
sympathetic  nervous  system. 

The  sympathetic  nervous  system  is  composed  of  a  chain  of  serially  disposed 
ganglia,  bound  to  each  other  by  intervening  nervous  cords,  and  placed  one  on  either 
aide  of  the  vertebral  column.  In  addition  to  these  gangliated  cords,  the  sympathetic 
system  includes  certain  dense  plexuses  of  nerves  and  numerous  scattered  ganglia. 
The  whole  is  most  intimately  connected  with  the  cerebrospinal  nervous  system,  and 
both  have  apparently  a  common  developmental  origin.  The  separation  of  the 
nervous  system  into  the  two  leading  subdivisions  of  sympathetic  and  cerebro- 
spinal is  therefore  of  a  somewhat  arbitrary  kind. 

The  cerebrospinal  nervous  system  consists  of  the  brain,  which  very  nearly 
completely  fills  the  cranial  cavity,  and  the  spinal  cord  or  spinal  marrow,  which  only 
partially  fills  the  vertebral  canaL  These  are  continuous  with  each  other,  and  together 
constitute  the  cerebrospinal  axis.  Attached  to  the  brain  and  spinal  cord  are  the 
numerous  nerves  which  bring  the  various  parts  of  the  body  into  connexion  with  the 
central  nervous  axis.  There  are  thirty-one  pairs  of  symmetrically  disposed  spinal 
nerves  attached  to  the  sides  of  the  spinal  cord.  Each  of  these  nerves  is  connected 
to  the  side  of  the  cord  by  a  ventral  or  anterior  and  a  dorsal  or  posterior  root,  and 
the  dorsal  root  is  distinguished  by  presenting  a  distinct  oval  swelling,  termed  a 
spinal  ganglion,  on  that  part  of  its  course  immediately  internal  to  the  place  where 
the  two  roots  unite  to  form  the  spinal  nerve-trunk  (Fig.  365,  p.  453). 

The  cranial  nerves  are  twelve  in  number  on  each  side,  but  one  only  (viz.  the 
fifth  or  trigeminal)  presents  a  double-rooted  attachment  similar  to  a  spinal  nerve 
Several,  however,  possess  ganglia  in  every  respect  comparable  with  the  ganglia  on 
the  dorsal  roots  of  the  spinal  nerves.  These  are  the  fifth  or  trigeminal,  the  seventh 
or  facial,  the  eighth  or  auditory,  the  ninth  or  glosso-pharyngeal,  and  the  tenth  or 
vagus  cranial  nerves. 

CEREBROSPINAL  NERVOUS  SYSTEM. 

The  brain  and  spinal  cord  are  composed  of  two  substances  which  present  a 
different  appearance  to  the  eye,  and  which  are  distinguished  by  the  terms  white 
matter  and  gray  matter.  The  difference  in  colour  between  these  two  substances 
depends  not  only  upon  the  different  elements  which  enter  into  their  formation,  but 
also  upon  the  fact  that  the  gray  matter  is  the  more  vascular  of  the  two.  The 
white  matter  is  chiefly  composed  of  nerve-fibres,  whilst  the  essential  constituents 
of  the  gray  matter  are  nerve-cells  which  give  origin  to  nerve-fibres.  An  all  per- 
vading matrix  termed  the  neuroglia  forms  the  bed  in  which  the  nerve-fibres  and 
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nerve-cellB  lie,  and  is  preBent  both  in  the  gray  and  the  white  matter.  The  elements, 
therefore,  which  constitute  nervoua  tissue  are  nerve-cells,  nerve-fibies,  and  neuroglia. 
Nerve-flbres. — Xerve-fibres  arranged  in  bundles  of  greater  or  less  bulk  I'urm 
the  nerves  which  pervade  every  part  of  the  body.  They  also  constitute  the  greater 
part  of  the  brain  and  spinal  cord.  Kerve-fibrea  are  the  conducting  elements  of  the 
nervous  system ;  they  serve  to  bring  the  nerve-cells  into  relation  both  with  ttach 
other  and  with  the  various  tissues  of  the  body. 

There  are  different  varieties  of  nerve-fibres,  but  in  all  the  leading  and  eeaenti^l 
constituent  is  a  delicate  thread-like  band,  termed  the  azia-crlinder.     The  differenc« 
between  individual  fibres  depends  upon  the  fact  that  in  some  cases  the  axis-cylinder 
becomes  invested  by  one  or  two  coats,  whilst  in  other  cases  it  remains  naked.     Wheii 
the  axis-cylinder  is  coated  on  the  outside  by  a  more  or  less  thick  sbeatb  of  a  fatty 
substance  termed  mrelin,  it  is  said  to  be  a  myelinated  or  medullsted  fibre.    When  the 
coating  of  myelin  is  absent,  the  fibre  ia  termed  a  non-myelinat«d  or 
a   Qon-medullated   fibre.      A   second   sheath — thin,  delicate,   and 
membranous,  and  placed  externally — may  also  be  present  in  both 
cases.     It  is  termed  the  primitiTO  sheath  or  the  nenrolenuu.     From 
a  structural  point  of  view,  therefore,  four  different  forms  of  nerve- 
fibre  may  be  reo^nised : — 

Non-mMulktoi  a-  J"!"^  ?■'!<?"".')?"■.    .,.       .     ,. 

{  2.  AxiB-cylmdere  with  pnmitive  sheaths. 

„   n   II  ,~4  /  3-  Primitive  sheath  absent, 
laeauiiatea  j  4.  Primitive  sheath  present. 

Every  nerve-fibre  near  ita  origin  and  as  it  approaches  its  termination 
is  unprovided  with  sheaths  of  any  kind,  and  is  simply  represented 
by  a  non-medullated  naked  axis  -  cylinder.  The  fibres  of  the 
olfactory  nerves  afford  us  an  example  of  non-medullated  fibres 
furnished  with  a  primitive  sheath. 

Medullated  fibres  are  present  in  greater  quantity  in  the  cerebro- 
Bpinal  system  than  non-medulluted  fibres.  Thus  all  the  ner\'es 
attached  to  the  brain  and  cord,  with  the  exception  of  the  olfactory 
and  optic,  are  formed  of  medullated  fibres  provided  with  a  primiti^~e 
sheath ;  whilst  the  entire  mass  of  the  white  substance  of  the  brain 
and  cord,  and  also  the  optic  nerves,  are  formed  of  medullated  fibres 
devoid  of  a  primitive  sheath. 

It  is  important  to  note  that  the  distinction  between  the  medul- 
lated and  non-medullated  fibres  is  not  one  which  exists  throughout 
all  stages  of  development.     As  will  be  presently  pointed  out,  eveiy 
fibre  is  a  direct  outgrowth  from  a  cell,  and  in  the  first  instance  it  is 
not   provided  with  a  medullary  sheath.      Indeed,  it  is  not  until 
about  the  fifth  month  of  foetal  life  that  those  fibres  which  are  to 
form  the  white  substance  of  the  cerebrospinal  axis  begin  to  acquin- 
t'lo.  3G3.        their  coating  of  myelin.     Further,  this  coating  appears  in  the  fibre> 
NERvi-FiBBt      of  different  strands  or  tracts  at  different  periods,  and  a  knowle<iL:e 
™i"Konikert'^'  °^  ^^^  ^^^^  ^^  enabled  the  anatomist  to  follow  out  the  connexions 
of  the  tracts  of  fibres  which  compose  the  white  matter  of  thv 
brain  and  cord. 

But  it  may  be  asked :  How  does  a  nerve-fibre  arise  and  how  does  it  end  > 
Every  fibre  is  directly  continuous  by  one  extremity  with  a  nerve-cell,  whilst  its 
opposite  extremity  breaks  up  into  s  number  of  ramifications,  all  of  which  end 
freely  in  relation  to  another  nerve-cell,  or  in  relation  to  certain  tissues  of  the  Kidy. 
as,  for  example,  to  muscle-fibres  or  to  the  epithelial  cells  of  the  epidermis.  The 
length  of  nerve-fibres,  therefore,  varies  very  greatly.  Some  fibres  are  short  and 
merely  bring  two  neighbouring  nerve-cells  into  relation  with  each  other:  otlitrs 
travel  long  distances.  Thus  a  fibre  arising  from  one  of  the  motor  cells  of  the  lower 
end  of  the  spinal  cord  may,  after  leaving  the  cord,  extend  to  the  must  outlyto^' 
muscle  in  the  sole  of  the  foot  before  it  reaches  its  destination.  But  even  when  a 
fibre  does  not  leave  the  central  axis  a  great  length  may  be  attained,  and  celU 
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situated  in  the  motor  area  of  the  oortex  of  the  cerebrum  give  origin  to  fibres  which 
pass  down  to  the  lower  end  of  the  cord. 

PhyaiologistB  claBsify  the  fibres  which  form  the  nerves  into  two  sets,  afiferent 
and  eSerent.  Aiferent  nerve-flbros  conduct  the  impulse  of  impressions  from  the 
peripheral  o^ans  into  the  central  nervous  system ;  and  as  a  change  of  cousciousDess, 
<ir,  in  other  words,  a  sensation  is  a  frequent  result,  these  fibres  are  often  called 
*its&ry.  Efferent  nerre-flbrea  cany  impulses  out  from  the  brain  and  cord  to  peri- 
pheral organs.  The  majority  of  these  fibres  go  to  muscles  and  are  termed  motm- ; 
others,  however,  go  to  glands  and  are  called  teeretory ;  whilst  some  are  inhibitory 
and  serve  to  cany  impulses  which  restrain  or  check  movement  or  secretion.  As 
previously  stated, 
the  spinal  nerves  are 
each  attached  to  the 
cord  by  a  ventral  or 
ajiterior  root,  and  a 
dorsal  or  posterior 
root;  the  fibres  com- 
posing the  former 
are  efferent ;  whilst 
the  fibres  of  the 
posterior  root  are 
almost  entirely 
afferent.  ^^       M       \  j     i       ^ 

Nerre-cella.—  ^^  /'7       ■  /    |       ^^ 

The  nerve-cells  con-  ^    ^        i  /I 

»titute  the  active 
and  all-essential 
elements  of  nerve- 
tissue.  At  the  very 
start  it  is  necessary 
to  draw  a  broad 
distinction  between 
the  ganglionic  cells, 
wliich  are  found  in 
the  spinal  ganglia, 
and  the  cells  which 
are  so  plentifully 
scattered  through 
the  gray  matter  of 
the  brain  and  cord. 
They  differ  not  only 
in  their  mode  of 
origin  and  in  their 
subsequent  develop- 
ment, hut  also  in  the  connexions  of  the  nerve-fibres  to  which  they  give  origin. 

Nerve-ceUs  of  the  Brain  and  Cord. — The  cells  in  the  gray  matter  of  the 
cerehroBpinal  axis  are  variable  both  in  size  and  form.  Some  are  relatively  large, 
as,  for  example,  certain  of  the  pyramidal  cells  of  the  cerebral  cortex  and  the  motor 
cells  in  the  gray  matter  of  the  cord,  which  almost  come  within  the  range  of  unaided 
vision ;  others  are  exceedingly  minute,  and  require  a  high  power  of  the  microscope 
to  bring  them  into  view.  The  cell  consists  of  a  protoplasmic  nucleated  body,  from 
which  certain  processes  proceed.  One  process  is  termed  the  axis-cylinder  process  or 
axon ;  and  as  a  rule  it  is  easily  distinguished  from  the  others,  which  are  collectively 
called  the  protoplarauc  processes  of  Deiters,  or  the  dendrites. 

The  axon  presents  a  uniform  diameter  and  a  smooth  and  even  outline.  It  gives 
off  in  its  courae  fine  collateral  branches,  but  does  not  suffer  thereby  any  marked 
diminution  in  its  girth.  The  most  important  point  to  note  in  connexion  with  the 
axnn,  however,  is  the  fact  that  it  liecomes  continuous  with  the  axis-cylinder  of  a 
nerve-fibre.     The  significance  of  this  is  obvious,  and  will  become  more  striking 
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when  the  development  of  the  nerve-celU 
is  studied.  The  axon  then  is  simply  a 
nerve-fibre,  and  in  certain  ciTcumstanci^  il 
asaumes,  as  already  stated,  one  or  tw 
investing  sheaths.  The  axon  m&y  run  iu 
entire  course  within  the  substance  of  ttie 
brain  or  cord  either  for  a  ehort  or  a  Ion;; 
distance,  or  it  may  emerge  from  the  biaiu 
or  cord  in  one  of  the  cranial  or  ^pimi! 
nerves  as  the  essential  part  of  an  efferent 
nerve-fibre,  and  run  a  variable  disLaoiT 
before  it  finally  reachea  the  peripLi^ral 
structure  in  relation  to  which  it  ends.  Thr  | 
axon  and  the  collaterals  which  spring  fmui  ' 
it  terminate  either  in  small  button-like 
swellings  or  knobs,  or  more  frequently  in 
terminal  arborisations,  the  extremities  <.'r 
which  are  free  and  are  furnished  with  ex- 
ceedingly small  terminal  varicosities.  In 
those  cases  where  the  axon  or  its  collflter^L' 
end  within  the  brain  or  cord,  some  of  th. 
terminal  arborisations  interlace  with  llif 
dendrites  of  nerve-cells,  whilst  others  ap- 
twined  around  the  bodies  of  other  Cfll- 
In  the  latter  case  the  interlacement  mar 
he  so  close  and  complete  that  it  alm'.'^t 
presents  the  appearance  of    an   enclo^iu-j 


Fia.  355. — Two  Multipolar  Nntvt- 

Cuxa,  from  *  gpeclmen   prepared 
by  the  Qolgi  method. 


basket  -  work, 
where  the  ax< 
from  the  cerebrospinal  axis 
its  terminal  arborisation 
ends  in  relation  to  a  muscle- 
fibre  or  some  other  tissue 
in  the  manner  already  re- 
ferred to.  In  all  cases, 
however,  it  would  appear 
that  the  terminal  branches 
of  the  axon,  no  matter  how 
compUcated  the  connexion 
may  seem,  are  free,  and 
that  the  connexion  is 
simply  one  of  contact  or 
contiguity,  and  not  one  of 
continuity. 

Held  maintaiDS  that, 
although  at  first  the  terminal 
arborisations  of  an  axon  are 
quite  free,  in  the  process  of 
growth  and  development  they 
eihibit  a  tendency  to  become 
fused  with  the  dendrites  and 
even  the  bodies  of  other 
nerve-cellB. 


Flu.  356.  —  Nebvb-Ch.i.  rnou  Ceukbeuxm  (Cill  or  PoiKri: 

SHOWIHd   THK    BKANCUINll     Uf     THE     DkNDRITTC     PBOCKlCi  itl' 

a  Uutcm  eliile  by  Proreasor  Symingtou). 
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The  dendrites,  or  protoplasmic  proceBaee  of  the  nerve-eell,  are  thicker  than  the 
axon,  aod  present  a  rough-edged  irregular  contour.  They  divide  into  numerous 
jranches,  and  these  gradually,  as  they  pass  from  the  cell-body,  become  more  and 
more  attenuated  until  they  finally  end  in  free  extremities.  The  branching  of  the 
liendritic  processes  sometimes  attains  a  marvellous  degree  of  complexity  (Fig.  356), 
)>ut  except  in  exceptional  circumstances,  there  is  no  anattOTnosia  between  the 
ileDtirites  of  neighbouring  cells,  or  between  the  dendrites  of  the  same  cell.  It 
would  appear,  therefore,  that  nothing  in  the  shape  of  a  network  is  formed  by  these 


In  the  chapter  upon  Embryology  it  has  been  shown  that  in  the  early  condition 
of  the  cerebrospinal  axis  the  brain  and  cord  consist  simply  of  a  tube  (p.  21).  The 
wall  of  this  tube  is  formed  of  a  single  layer  of  tall  columnar  neuro-epithelial  cells. 


n.  3S7.— TniNsvBttaB  SEirr:oN  tiirouuh  tbe  barlt  Nbfral 

Tltde.  diigranimBticall)-  raiiresenlfd  (Alfreil  H.  Young). 

Ttie  left  side  or  tlie  sectian  cihibits  an  earlier  slugs  or 

development  than  the  right  aide. 
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Flo.  858. —Thi  Dbvblophbntal 

BTAdBS    BXHIBITED    BT    A    FTRt- 
HIPAI.  C'lLLDFTBE  bBAIil  (allaT 

Ramiin  j  Cajol). 
a,  Neuroblast  with  nidimentwj 
aion.  but  no  dendrite*  ;  A  am)  c. 
The  dendritea  beginning  to  sprout 
out ;  d  and  e.  Further  develop^ 
nent  or  the  demlrites  and  ap- 
pearance ot  collateral   branches 


and  in  its  deepest  or  moat  internal  part  large  round  cells  make  their  appearance 
in  the  intervals  between  the  epithelial  columns.  These  new  cells  are  termed  the 
genninal  cells,  and  from  them  the  nerve-cells  are  derived.  They  are  present  in 
considerable  numbers,  and  towards  the  fourth  week  of  embryonic  hfe  they  form  an 
almost  continuous  layer.  Although  these  cells  ultimately  become  nerve-cells  they 
arv'  absolutely  without  processes  in  their  early  state,  and  therefore  at  this  period, 
although  there  is  a  nervous  system,  there  are,  as  His  remarks,  no  nerves.  In 
coiiTue  of  time,  and  as  the  wall  of  the  neural  tube  thickens,  the  germinal  cells 
lie;rin  to  migrate  in  an  outward  direction.  They  leave  the  deep  part  of  the  wall 
ijf  the  neural  tube  and  proceed  to  take  up  the  positions  they  occupy  in  the  gray 
matter  of  the  cord  and  brain  of  the  adult.  These  migrating  cells  assume  a  pyriform 
^lijpe,  and  are  termed  nenioblasts.  The  drawn-out  portion  or  stalk  of  the  pear- 
shaj^  neuroblast  represents  the  early  axon,  and  this  continues  to  grow  and  increase 
in  length  until  it  ultimately  attains  the  terminal  relations  characteristic  of  the 
^ult.  The  study  of  embryology  presents  few  more  remarkable  phenomena  than  the 
manner  in  which  this  axon  grows  out,  and,  in  the  efferent  nerve-fibree,  emerges 
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from  the  central  axis,  and  yet  pursues  its  allotted  path  with  the  most  unerring 
exactitude  and  precision  until  it  ultimately  reaches  the  nerve-cell  or  the  peripheral 
tissue  element  with  which  it  becomes  associated.  The  growing  point  of  both  it 
and  its  collaterals  is  slightly  bulbous,  and  it  is  out  of  this  that  the  terminal 
arborisation  is  formed. 

This  conception  in  regard  to  the  outgrowth  of  the  axon  in  the  case  of  the  peripheral 
nerve-fibres  has  not  been  allowed  to  pass  unchallenged,  and  it  must  be  admitted  that 
certain  facts  recently  observed  militate  against  it. 

Whatever  opinion  may  be  held  in  regard  to  the  developmental  origin  of  the  axis- 
cylinder  and  medullary  sheath  of  a  peripheral  nerve-fibre,  there  is  every  reason  for  the 
belief  that  the  neurolemma  is  mesodermic  in  its  origin,  and  is  therefore  formed  from  celU 
outside  the  ectodermic  neural  tube.  There  are  some  who  think  that  the  axis-cylinder  is 
secreted  in  situ  by  a  chain  of  these  cells,  whilst  others  consider  that  the  mesoblastic  cells 
of  a  nerve-fibre  merely  constitute  a  cellular  tube  through  which  the  growing  axon  womi^ 
its  way  to  its  destination,  and  perhaps  also  supply  the  pabulum  necessary  for  its  growth. 

The  dendritic  processes  of  the  nerve-cell  appear  at  a  later  period  than  the  axon. 
The  surface  of  the  neuroblast  becomes  rough  and  then  somewhat  spiny.  By  the 
growth  and  subdivision  of  these  spiny  projections  the  dendrites  are  formed.  Ak 
His  remarks,  the  nerve-cell  is  therefore  the  genetic  centre  from  which  all  the  parts 
of  a  nervous  element  proceed. 

It  must  now  be  clear  that  each  nerve-cell  is  a  unit  which  is  separate  and  distinct 
from  the  nerve-cells  which  lie  around  it.  Further,  it  is  obvious  that  it  is  wrong  to 
consider  the  nerve-cell  as  something  apart  from  the  nerve-fibre.  The  nerve-cell 
with  its  dendrites  and  axon,  however  wide-spreading  these  processes  may  be, 
constitutes  an  independent  system  to  which  the  term  neuron  is  applied,  and 
the  only  relation  which  it  has  with  other  neurons  or  with  peripheral  tissues  is  one 
of  contact. 

Ganglionlo  Nerve-Cells. — The  ganglionic  neurons  found  in  the  ganglia  of  the 
cranial  nerves  and  in  the  ganglia  on  the  dorsal  roots  of  the  spinal  nerves  have  a 
different  origin,  and  present  many  points  of  contrast  with  neurons  in  the  gray  matter 
of  the  brain  and  cord.  As  already  indicated  in  the  chapter  on  Embryology  (p.  21' 
the  ganglia  in  question  are  derived  from  the  neural  crest.  The  cells  forming  these 
ganglionic  masses  are  somewhat  oval  in  form,  and  from  either  extremity  or  pole  a 
process  grows  out,  and  the  neurons  in  this  manner  become  bipolar.  These  processes 
are  distinguished  as  central  and  peripheral,  according  to  the  direction  which  thev 
take.  The  central  processes  grow  inwards,  and  penetrate  the  wall  of  the  neural 
tube.  In  the  region  of  the  spinal  cord  they  form  almost  the  whole  of  the  fibre.* 
which  enter  into  the  composition  of  the  dorsal  roots  of  the  spinal  nervea  In  the 
substance  of  the  cerebrospinal  axis  they  give  off  numerous  collaterals,  and  after  a 
course  of  varying  extent  they  end,  after  the  manner  of  an  axon,  in  terminal 
arborisations,  which  enter  into  relationships  of  contact  vrith  certain  nerve-cells  in 
the  cerebrospinal  axis.  The  peripheral  processes  grow  outwards  along  the  path  of 
the  particular  nerve  with  which  they  are  associated,  and  they  finally  estabUah 
peripheral  contact  relations.  Thus,  to  take  one  example :  the  majority  of  the  fibres 
which  go  to  the  skin  break  up  into  fine  terminal  filaments,  which  end  freely 
between  the  epithelial  cells  of  the  epidermis.  The  two  processes  of  a  ganglion  cell, 
therefore,  form  the  afferent  fibres  of  the  cerebrospinal  nerves,  and  constitute  the 
path  along  which  the  influence  of  peripheral  impressions  is  conducted  towards  the 
brain  and  cord.  The  body  of  the  cell  is  as  it  were  interposed  in  the  path  of  such 
impulses. 

But  the  original  bipolar  character  of  these  cells,  with  very  few  exceptions 
(ganglia  in  connexion  with  the  auditory  nerve  and  the  bipolar  nerve-cells  in  the 
olfactory  mucous  membrane),  gradually  undergoes  a  change  which  ultimately  leads 
to  their  transformation  into  unipolar  cells.  This  is  brought  about  by  the  tendency 
which  the  cell-body  has  to  grow  to  one  side,  viz,  the  side  towards  the  surface  of  the 
ganglion  (v.  Lenhossek).  This  unilateral  growth  leads  to  a  gradual  approxima- 
tion of  the  attached  ends  of  the  processes,  and  finally  to  a  condition  in  which  they 
appear  to  arise  from  the  extremity  of  a  short  common  stalk  in  a  T-shaped  manner 
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(Fig.  360).      It  is  interesting  to  note  that    in  certain  fiah  the  original   bipolar 

condition  of  these  cells  ia  retiuned  throughout  _ . , 

life  without  change. 

Both  the  central  and  peripheral  processes 
ol'  these  ganglionic  cells  become  the  axis- 
cylinders  of  nerve-fibres,  which,  acquiring  a 
medullary  sheath,  belong  therefore  to  the 
mt'diillated  variety.  From  this  it  might  very 
Datiirally  be  thought  that  the  ganglionic 
neuron,  with  its  two  axons  and  no  typical 
dendrites,  is  a  nervous  unit  very  dilferent 
from  a  neuron  in  the  gray  matter  of  the 
cerebrospinal  axis.  It  is  believed  by  some, 
however  (van  Gehuchten  and  Cajal),  that  the 
peripheral  process,  in  spite  of  its  enclosure 
witliin  a  medullary  sheath,  and  though  pre- 
senting all  the  characters  of  a  true  axon,  is  in 
reality  a  dendrite.  If  this  be  the  case,  the 
morphological  difference  between  a  dendrite 
md  an  axon  disappears,  and  van  Gehucbten's 
functional  distinction  alone  remains  character- 
istii^,  viz.  that  the  axon  is  ceUuiifugal  and 
conducts  impulses  away  from  the  cell,  whilst 
tlie  dendrites  are  cellulipetal  and  conduct  im- 
pukes  towards  the  cell. 

In  the  foregoing  brieraccoiintuf  the  elemenU  whicli 

biiilil  up  the  nervous  ByBt«m,  the  neuron  doctrine,  hs  it  "'  '  'n^ 

hi-  been  enunciated  by  Waldeyer,  has  been  folliiwed.  b.  Hot. 

Th--  observations   of   R*m6n  y  Cajal  and   His  (brm  p  ^"'J 

thf  foundation  upon  vhi<:h  this  doctrine  mainly  rests,  e.  Cell 

alihough  it  should  not  be  forgotten  tliat  many  other  p  ^"P 

anatomists,   amongst   whom    may   be    mentioned    v.  ■    '  ' 
Kriltjker,  van  Oehuchten,  and  v.  Lenhoseek,  have  by 
tlieir  investigations  greatly  strengthened  the  concep- 
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COMNEIION  EST«B> 
NauHDN  (Rainun  j  Cajal). 


Q.  PsHpli*rBli>iDr<isaotEiin>inonir'ce 


lion.     Two.primary  considerations 


iS  longitudinal  directiou. 


to  constitute  its  leading  support:  (I)  the  absolute 
independence  of  the  early  nerve-cell  or  neurolilast 
and  ita  processes,  as  was  first  clearly  shown  by  His  ; 
(2)  the  tact  that  when  nerve  tissue  is  treated  by  the 
Qolgi  method  or  by  the  vital  methylene  blue  method 
no  continuity  of  any  kind  can  be  observed  between 
neighbouring  cells,  although  the  processes  of  the  cells 
can  apparently  l«  tJaced  to  their  ultiuiat*  divisions. 
Further,  it  should  be  noted  that  the  neuron  doctrine 
receives  strong  support  from  pathological  observa- 
tions, and  that  befort  it  HmumM  concrete  form  ideas 
of  a  somewhat  simdai  kind  nere  present  in  the 
minds  ot  patholo(,iHts 

Still  the  neuron  theory  is  not  acLi-pted  b\  seieial 
leading  HistologHlfi.  Apilthy,  NikiI,  and  itethe  at 
the  present  moment  form  a  powerful  lombmation 
against  it.  It  is  therefore  ueiessary  to  indicate  the 
news  entertained  bj  tlii-ie  observers. 

More  than  thirty  yean  ago  Max  Schultie  called 
attention  to  the  fact  that  the  axis  cvlinder  of  a 
nerve  fibre  is  composed  of  exceedingly  fine  fibrils' 
which,  when  trated  to  the  cell  from  which  the 
fibre  takts  ongin,  are  there  seen  to  enter  the  cell 
body  and  spread  out  uithin  it.  Bv  more  delicate 
methods  of  research,  Amithy  and  Bethc  have  been 
able  to  place  this  eailv  observation  of  Schultze 
.  lx,yond  the  realm  of  doubt  Apitliy  who  worked 
chiefly  at  the  niieitebrate  ntrvons  •.jstem,  not  only 
0  BbnlliE  throu^jh  llic  ciH  Iwih  but 
Under  m  t->J--,  itateil  Ibat  it  wan  finch 
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into  all  its  processes,  and  he  believes  that  he  hss  been  able  to  follow  them  beyond  these  Inio  a 
delicate  fibrillar  interlacement  which  conetitiitt^  a  bond  of  nition  between  all  the  nerve-cells  of  the 
nervous  BjBtem.  Bethe'a  olmervationa  have  been  carried  out  in  vertebrates.  Two  illustrationB  from 
his  hook  are  reproduced  in  Fig.  361.  The  cell  represented  in  A  is  from  the  grav  matter  of  the 
anterior  horn  of  tlie  human  apinal  cord,  and  the  relation  presented  by  the  neuro-fibrils  within  Iht 
cell  and  to  its  variouH  processes  are  very  clearly  depicted.  The  axon  appears  to  receive  a  con. 
tribiition  of  neuro- fibril  lie  from  all  the  dendritic  processes ;  this,  according  to  Bethe,  is  character- 
istic of  the  great  majority  of  nerve-cells.  In  the  cells  indicated  by  the  letter  B,  which  are  from 
the  cerebral  cortex  of  man,  it  will  be  noticed  that  the  axons  as  they  leave  the  cell  becoiiie  vi- 
ceedingly  fine  and  delicate,  and  the  iieuro-fibrill*  which  compose  them  are  so  closely  packed 
together  that  all  trace  of  their  individual  existence  disappears.  When  the  medullary  sheslb 
is  assumed  hy  the  fibre  the  ne«ro-ti brill te  of  the  axis-cylinder  again  become  apparent 


.1. 


Fl(i.  301.— >'«BVB    CBLLS   A3    DEPICTID.BT    BbTHB. 

A.  A  cell  from  (he  auterloi  horn  of  gi»y  mstMr  of  the  npinal  cord  of  niaa. 

B.  Too  cells  from  the  human  eerchral  corlex. 

verlebralea  Bethe  has  not  (wen  able  to  trace  the  neuro-fibrils  into  an  all -pervading 
,T  network  such  as  Aj)dthy  has  desLnbed  as  binding  the  various  nerve  elements  toother  ic 
Lrertebratcs,  but  he  has  followed  them  into  the  finest  of  the  dendritic  branchings,  and  fai- 
■a  that  the  connecting  network  exists  ic  the  higher  as  well  as  in  the  lower  members  of  ih< 
animal  kingdom. 

This  conception  of  the  structure  of  the  axon  renders  the  giving  off  by  the  nervc-fibr<'  if 
collateral  branches  and  also  its  terminal  splitting  or  arborisation,  matters  which  can  be  tin-  m<'Tv 
easily  understood. 

On  the  strength  of  the  obwrvations  detailed  above,  Apithy,  Bethe,  and  Nissl,  all  of  whom  »it 
authorities  who  deserve  the  highest  degree  of  atti-iition,  have  assailed  the  neuron  ibeiirt 
Apithy  has  advanced  the  hypothesis  tliat  the  all-pervading  fibrillar  interlacement,  which  st^ca[ll^ 
continuously  throughout  the  whole  nervous  system  and  ia  fonnd  not  only  in  the  cell  and  ii-* 
processes  but  also  in  the  form  of  a  connecting  network  outside  the  cells,  is  the  efoential  pvt 
of  the  nervous  ayxleni  and  not  the  so-called  independent  neurons  of  the  neuron  theory.  II  ii 
also  contended  that  axons  or  axis-cylinders  may  arise  in  two  ways  :  (1)  directly  from  tbe  nerve 
cell*  ;  (2)  indirectly  from  the  neuro- fibrillar  network  between  the  nerve-cells. 

In  a  striking  address  recently  delivered  by  Professor  Waldeyer  to  the  Royal  Socielj  of  Edin- 
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buxgh  the  enential  points  of  the  neuron  doctrine  were  vigoiouBlj  maintained  and  several  new 

Ereporationa  by  Ram6n  y  Cajal  and  Beilschowskj  were  demonatrated.  In  the  latter  the  neuro- 
bnllx  weie  seen  t«  enter  the  cell-hodj',  spn^  out  and  break  up  into  a  plezua  within  it,  but 
none  conid  be  detected  pursuing  an  uninterrupted  course  right  through  the  cell  and  then  passing 
out  from  it 

Ai  Edioger  remarka,  investigation  in  the  immediate  future  will  be  largely  concerned  in  the 
tiicmpt  to  further  elucidate  the  following  questions :  (1)  Are  the  connexiona  between  neurons 
merelj'  those  of  contact  1  (2)  Do  the  fibres  which  proceed  from  one  cell  fuse  with  the  conatituent 
pirts  of  another  neuron  1  (3)  Do  the  neuro-flbrillffi  form  an  inter-connecting  network  between 
the  nerve-cells,  and  do  asona  or  aiis-cylinders  arise  from  such  a  network  t  It  is  questionable 
even  if  the  last  two  of  the«e  queriea  are  anawered  more  or  lees  in  the  affirmative  whether  it  will 


,rv  to  abandon  the  essential  points  in  the  neiuon  theory. 

the  foregoing  boa  been  printed   an  instructive  monogra 

U.U111CU  by  Professor  Qustaf  Retzius  ("Punk'""'"* ■  *■' — •'■ — 

lUi^he  UnttTiuchnngen,  Neue  Folge,  xii.). 


Neuroglia. — The  neuroglia  is  the  aupportiiig  tissue  of  the  cerebroepinal  axi& 
It  may  be  coiisideied  to  include  two  different  forms  of  tissue,  viz.  the  lining 
ependymal  cells  and  the  neuroglia  proper.  We  place  these  under  the  one  beading, 
seeing  that  in  all  probability  they  both  have  a  common  developmental  origin. 

The  ependrmal  cells  are  the  columnar  epithelial  cells  vrhich  line  the  central 
canal  of  the  spinal  cord  and  the  ventricles  of  the  braiu.  In  the  embryonic  condi- 
tion a  process  from  the  deep  extremity  of  each  cell  traverses  the  entire  thickness 
of  the  neural  wall  and  reaches  the  surface.  It  is  not  known  whether  this  process 
exists  in  the  adult. 

The  neuroglia  proper  is  present  in  both  the  white  and  the  gray  matter  of  the 
cerebrospinal  axis.  It  constitutes  an  all- 
pervading  basis  substance,  in  which  the 
(■arious  nerve  elements  are  embedded  in 
Buch  a  waf  that  they  are  all  bound  together 
into  a  consistent  mass  and  are  yet  all  sever- 
ally isolat«d  from  each  other.  Neuroglia 
consists  of  cells  and  fine  filameals.  The 
fibrils  are  present  in  enormous  numbers, 
and  by  their  interlacements  they  constitute 
what  appears  to  be  a  fine  feltwork.  At  the 
points  where  the  fibrils  intercross  may  be 
seen  the  flattened  glial  cell&  Whilst  the 
neuroglia  is  for  the  moat  part  intimately 
intermixed  with  the  nerve  elements,  there 
are  in  both  brain  and  cord  certain  localities 
where  it  is  spread  out  in  more  or  less  pure 
layers.  Thus  upon  the  surface  of  the  brain 
and  of  the  spinal  cord  there  is  such  a  layer ; 
likewise  beneath  the  epithelial  lining  of  the 

central  canal  and  of  the  cavities  of  the  brain  Fm.  sea.  — Sacnos   turodob    ihk    Ckntb*:. 
there  is  a  thin  stratum  of  neuroglia.  Canal  of  the  Spinal  Cord  of  a  Huhan 

The  ependymal  cells  are   derived  from         Embryo,  showiwi  Emh<d«ial  and  NkuS- 
the  original   neuro- epithelial   cells   of   the        ,Xt,.'r.r^  '^  t'-Z  L  c,. 
early  neural   tube,  and   in   all   probability 

the  neuroglia  proper  has  a  similar  origin.     They  both,  therefore,  are  products  of  the 
ectoderm. 

Smumary. — -1.  The  cerebrospinal  nervous  system  is  composed  of  two  parts,  viz. 
(a)  a  medullaiy  part,  consisting  of  the  brain  and  spinal  cord,  with  the  efferent  nerve- 
fibres  which  pass  out  from  them ;  (b)  the  ganglionic  part,  vrith  the  afferent  nerve-fibres. 

2.  Each  of  these  parts  has  a  different  origin  and  is  composed  of  neurons  which 
possess  characteristic  features. 

3.  The  ganglionic  neurons  are  derived  from  the  primitive  cells  of  the  neural 
crest,  and  have  each  one  process  which  divides  into  two.  Of  these  the  central 
division  enters  the  cerebrospinal  axis  and  probably  represents  the  axon,  whilst  the 
peripheral  division,  which  becomes  connected  with  a  peripheral  part,  may  pr*»- 
visionally  be  regarded  as  a  dendrite.     The  central  fibres  from  the  ganglionic  cells 
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in  the  region  of  the  cord  form  the  dorsal  or  posterior  roots  of  the  spinal  nerves. 
These  roots  have  thus  an  origin  outside  the  cord,  and  grow  into  its  substance  in 
the  process  of  development  in  the  same  manner  that  the  roots  of  a  plant  strike 
into  the  soil. 

4.  The  cerebrospinal  neurons  are  derived  from  the  germinal  cells  in  the  wait 
of  the  early  neural  tube.  Certain  of  these  furnish  efferent  nerve-fibres,  which 
issue  from  the  cord  in  separate  bundles  termed  the  anterior  or  ventral  roots  of  the 
spinal  nerves.  In  the  case  of  the  cranial  nerves,  however,  with  the  exception  of 
the  trigeminal  and  facial  nerves,  the  efferent  fibres  are  not  thus  separated  from  the 
afferent  fibres  at  their  attachment  to  the  brain. 

5.  The  brain  and  cord  when  studied  by  the  naked  eye  are  seen  to  be  composed 
of  white  matter  and  gray  matter.  The  white  matter  forms  very  nearly  two-thirds 
of  the  entire  cerebrospinal  axis.  It  is  composed  of  medullated  nerve-fibrea 
embedded  in  neur(^lial  tissue.  The  gray  matter  is  composed  of  nerve-cells  with 
their  dendrites  and  axons.  Some  of  the  axons  are  in  the  form  of  naked  axis 
cylinders,  whilst  others  have  a  coating  of  medulla.  Intimately  intermixed  with 
these  parts  is  the  neuroglia,  which  isolates  them  more  or  less  completely  from 
each  other, 

SPINAL  COKD. 

The  spinal  cord  is  that  part  of  the  cerebrospinal  axis  which  occupies  the  upper 
two-thirds  of  the  spinal  canal  of  the  vertebral  column.     It  is  an  elongated  cylin- 
drical structure,  slightly  flattened  in  front  and  behind,  which  extends  from  the 
mai^n  of  the  foramen  magnum  to  the  level  of  the  lower  border  of  the  body  of  the 
first  lumbar  vertebra  or  to  the   upper  border  of 
the  body  of  the   second   lumbar  vertebra.      Its 
average  length  in  the  mala  is  45  cm.  and  in  the 
female  43  cm. 

A  conxiderable  amount  of  variation  within  certain 
limits  (viz.  the  mid-point  of  the  body  of  the  last  dorsal 
'  vertebra  and  the  upper  border  of  the  body  of  the 
third  himbar  vertebra)  ia  observed  in  different  in 
dividuaU  as  to  the  precise  level  at  which  the  spiiml 
«  cord  ends  inferiorly,  and  in  the  female  there  would 
appear  to  be  a  tendency  for  the  card  to  reach  a 
slightly  lower  point  in  the  canal  thtiii  in  the  male. 
Further,  the  relation  presented  by  the  spinal  cord  to 
the  vertebral  column  differs  iii  a  marked  degree  in  the 
ftetus  and  infant  at  different  periods  of  development. 
Up  to  the  third  month  of  intrauterine  life  the  conl 
occupies  the  entire  length  of  the  spinnl  canal  ;  it  e:i- 
tends  downwards  to  the  lowest  limit  of  the  canal,  lim 
*  from  this  time  on,  as  growth  proceeds,  the  vertebral 
column  lengthens  at  a  more  rapid  rate  than  the  cord. 
The  spinal  cord,  therefore,  has  the  appearance  of 
shrinking  in  an  upward  direction  within  it^  canal,  and 
at  birth  its  lower  end  is  usually  found  to  be  op|>obitc 
the  body  of  the  third  himbar  vertebra. 

The  attitude  asaumed  by  the  individual  affects  to 
a  small  degree  the  position  of  the  lower  end  of  itic 
cord.     Thus,  when  the  trunk  is  bent  well  forwardj, 
^....-,r-.iL..    .-..■h''thii  '*  '*  noticed  that  the  terminal  part  of  the  con!  rises 
Braik"  iso  "MpisTJ'conD    exi'osbd  slightly  within  its  bouy  canal. 

At  the  margin  of  the  foramen  magnum  the 
spinal  cord  l)ecomeB  continuous  with  the  medulla  oblongata  of  the  brain,  whilst 
below,  it  tapera  rapidly  to  a  ixiint  and  forms  a  conical  extremity  termed  the  conu 
medullaria.  From  the' end  of  the  eonus  medullaris  a  slender  glistening  thread  is 
prolonged  downwards  within  the  spinal  canal,  and  finally  anchors  the  spinal  cord 
to  the  back  of  the  coccyx.      This  prolongation  receives  the  name  of  the  fllnin 
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The  diameter  of  the  cord  is  very  much  shorter  than  that  cff  the  spinal 

canal  within  which  it   lies.     A  wide  interval 

is  left  between  its   surface   and  the  walls  of 

itx  canal,  and  this  excess  of  space  is  clearly  a  iniiiria 

provision   for  allowing   free  movement  of  the 

vertebral  column  without  producing  any  jar- 
ring contact  between  the  delicate  spinal  cord 

and  the  surrounding  bones.  ^ 

Three   protective  membranes   are  wrapped 

aroimd  the  cord.     From  within  outwards  these 

are  termed  (1)  the  pia  mater,  (2)  the  arachnoid 

mater,  and  (3)  the  dura  mater.     The  pia  mater  i  lumbsr 

13  a   tibrouB   membrane  which  forms  the  im- 
mediate investment.     It   is  closely  apjilied  to 

the  cord,  and  from  ita  deep  surface  numerous 

fine  septa  penetrate  into  the  substance  of  the 

cord.     The  arachnoid  mater  is  an  exceedingly  | 

delicate  transparent  membrane  which  is  loosely   s  ^^^^^  ^^ 

wrapped   around   the   cord   so  as   to   leave   n  3  Ifdii™ 

considerable  interval,  termed  the  subarachnoid    | 

space,  between  itself  and  the  pia  mater,  in  which    t 

there  is  always  a  varying  amount  of  cerebro-   ^  Fiium 

spinal  fluid.     Outside  the  arachnoid  mater,  the  Jlwn^'i' 

dora  mater  forms  a  wide,  dense,  fihrous,  tubular 

Bheath,  which  extends  downwards  within  the  Fir,^ 

spinal  canal  for  a  considerable  distance  beyond  ^-°n'b™' 

the  conical  extremity  of  the  cord.     The  spinal 

cord  is  suspended  within  ita  sheath  or  //ifca  ol' 

dura  mat«!r  by  two  lateral  wing-like  ligaments,  Km.  36*.— thb  vosva  MuDULi.iBiB  and  thb 

termed  the  li^monU  denticulaU.     These  extend      f"-""  Tkh"!"*!*  bsfosed  niTHrs  thb 

outwards  from  the  aides  of   the  cord  and  are      ' """"   *''*'" 

■itUched  by  a  aeries  of  pointed  or  torith-like  processes  to  the  inner  surface  of 
the  tlieca  of  dura  mater.  Between  the  wall 
of  the  spinal  canal  and  the  dura  mater 
there  is  a  narrow  interval,  which  is  filled  up 
by  aoft  areolo-fatty  tissue  and  numerous 
thin-walled  veins  arranged  in  a  plexiform 
,  jtu-mi  manner. 

Thirty-one  pairs  of  spinal  nerves  arise 


u.  3(iC.— Sbciio.nthkciuuu  tbrComuh  MEDHLUnis  a: 

B    CaI'DA     t^HDJNA  AS    THEl-    1,[E    LS'     THE    SplNAl.    CaN.I 


from  the  sides  of  the  spinal  cord.     These  are  classified  into  eight  cervical,  twelve 
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dorsal,  five  lumbar,  five  sacral,  and  one  coccygeal ;  and  according  to  the  attach- 
ments of  these  groups  of  nerves  the  spinal  cord  is  arbitrarily  subdivided  into 
cervical,  dorsal,  lumbar,  and  sacral  regions.  In  employing  these  terms,  therefore, 
for  different  districts  of  the  cord,  it  must  be  understood  that  the  regions  are  deter- 
mined by  the  nerve  attachments,  and  not  by  any  direct  relationship  between  these 
parts  of  the  cord  and  the  sections  of  the  vertebral  column  which  bear  the  same 
names. 

Each  spinal  nerve  is  attached  to  the  cord  by  a  ventral  and  a  dorsal  root,  and  as 
these  are  traced  to  their  central  attachments  they  are  seen  to  break  up  into  a 
number  of  separate  nerve  fascicles  or  bundles,  which  spread  out,  in  some  cases  very 
widely  from  each  other,  as  they  approach  the  side  of  the  cord  (Fig.  365).  Each 
pair  of  nerves  is  therefore  attached  to  a  portion  of  spinal  cord  of  some  length,  and 
such  a  portion,  with  its  pair  of  nerves,  receives  the  name  of  a  "  segment  of  the 
spinal  cord."  It  must  be  clearly  understood,  however,  that,  in  so  far  as  the  surface 
of  the  cord  is  concerned,  there  is  absolutely  no  means  of  marking  off  one  segment 
from  another,  except  by  the  nerve  attachments. 

In  the  cervical  and  lumbar  regions  uf  the  cord  the  nerve-roots  are  somewhat  crowded 
together,  so  that  little  or  no  interval  is  left  between  the  adjoining  root  fascicles  of  neighbouring 
nerves.  In  the  dorsal  region,  however,  distinct  intervals  may  be  observed,  and  the  root  fascicles 
are  more  loosely  arranged  From  this,  it  will  be  evident  that  the  cord  segments  in  different  parts 
of  the  cord  are  not  of  equal  length.  In  the  cervical  region  the  segments  measure  about  12  mm. 
in  length,  in  the  dorsal  region  from  20  to  24  mm.,  and  in  the  lunioar  region  about  10  mm.  The 
number  of  fascicles  which  attach  the  different  nerve -roots  to  the  cord  is  very  different  in 
different  nerves,  and  is  not  necessarily  the  same  in  the  same  nerve-root  in  different  individuals. 

Owing  to  the  great  difference  which  exists  between  the  length  of  the  spinal 
cord  and  the  length  of  the  vertebral  column,  the  farther  we  pass  down  the  greater 
the  distance  becomes  between  the  attachment  of  the  various  nerve-roots  to  the 
cord  and  the  invertebral  foramina  through  which  the  corresponding  nerves  leave 
the  spinal  canal.  The  lower  nerve-roots,  therefore,  have  to  traverse  the  spinal  canal 
for  a  considerable  distance  before  they  reach  their  apertures  of  emergence.  It  thus 
happens  that  the  nerve-roots  which  spring  from  the  lumbar  and  sacral  regions  of 
the  cord  attain  a  very  great  length  and  descend  vertically  in  the  lower  part  of 
the  spinal  canal  in  a  bunch  or  leash,  in  the  midst  of  which  lie  the  conus  medullaris 
and  the  filum  terminate.  This  great  bundle  of  nerve-roots  receives  the  appropriate 
name  of  the  cauda  equina. 

Enlargements  of  the  Cord. — Throughout  the  greater  part  of  the  dorsal  region, 
the  spinal  cord  presents  a  uniform  girth  and  a  very  nearly  circular  outline  when 
seen  in  transverse  section.  In  the  cervical  and  lumbar  regions,  however,  it  shows 
marked  swellings.  The  cervical  enlargement  (intumescentia  cervicalis)  is  the  more 
evident  of  the  two.  It  begins  very  gradually  at  the  upper  end  of  the  cord,  attains 
its  greatest  breadth  (12  to  14  mm.)  opposite  the  fifth  or  sixth  cervical  vertebra, 
and  finally  subsides  opposite  the  second  dorsal  vertebra.  To  this  portion  of  the 
cord  are  attached  the  great  nerves  which  supply  the  upper  limbs.  The  lumbar 
enlargement  (intumescentia  lumbalis)  begins  at  the  level  of  the  tenth  dorsal 
vertebra,  and  acquires  its  maximum  transverse  diameter  (11  to  13  mm.)  opposite 
the  last  dorsal  vertebra.  Below,  it  rapidly  tapers  away  into  the  conus  medullaris. 
To  the  lumbar  enlargement  are  attached  the  great  nerves  of  the  lower  limbs. 

These  enlargements  of  the  cord  are  associated  with  the  outgrowth  of  the  limbs.  Id 
the  earlier  developmental  stages  of  the  spinal  cord  they  are  not  present,  and  they  only 
take  form  as  the  limbs  become  developed.  In  the  lower  mammalia  their  size  corresponds 
with  the  degree  of  development  of  the  limbs.  Thus,  in  the  long-armed  orang  and  gibbon, 
the  cervical  swelling  stands  out  with  a  remarkable  degree  of  prominence.  It  Ls  however, 
interesting  to  note  that  although  iu  the  cctacea  there  are  no  visible  hind-limbs,  there  is 
nevertheless  a  well-marked  lumbar  enlargement  of  the  cord. 

Fissures  and  Farrows  of  the  Cord. — When  cross-sections  of  the  spinal  cord 
are  made,  it  is  seen  to  be  a  bilateral  structure  which  is  partially  subdivided  into  a 
right  and  left  half  by  two  median  clefts — one  upon  the  anterior  and  the  other  upon 
the  posterior  aspect.  These  clefts  are  termed  the  antero-median  and  the  postero- 
median fissures,  and  they  extend  along  the  entire  length  of  the  cord     At  the  same 
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time  it  must  be  noted  that  these  two  median  clefts  present  many  points  of  differ- 
ence. The  antero-median  fissure  (fifisura  mediana  anterior)  is  for  the  greater  part  of 
its  length  much  shallower  than  the  postero-median  fissure. 
In  the  cervical  and  dorsal  regions  it  only  penetrates  for  a 
distance  corresponding  to  somewhat  less  than  a  third  of  the 
antero-posterior  diameter  of  the  cord.  Further,  the  antero- 
median cleft  is  much  the  wider  and  more  apparent  of  the 
two,  and  the  pia  mater  dips  down  into  it  and  forms  a  fold 
or  reduplication  within  it.  The  postero- median  fissure 
(tissura  mediana  posterior)  in  the  cervical  and  dorsal  regions 
penetrates  into  the  cord  until  it  reaches  a  point  somewhat 
beyond  its  centre.  It  is  extremely  narrow,  and  contains 
a  single  septum  which  is  derived  from  ependymal  and 
neuroglial  elements,  and  is  intimately  connected  with  the 
adjacent  sides  of  the  two  halves  of  the  cord,  between  which 
it  intervene&  The  pia  mater,  which  invests  the  surface  of 
the  cord,  passes  continuously  over  the  postero-median  fissure 
and  sends  no  prolongation  of  any  kind  into  it.  In  the 
lumbar  region  of  the  cord  the  postero-median  fissure  becomes 
shallower,  whilst  the  antero- median  fissure  deepens,  and 
ultimately  in  the  lower  part  of  the  cord  the  two  fissures 
present  a  very  nearly  equal  depth. 

The  two  halves  of  the  cord,  which  are  marked  off  from 
each  other  by  the  median  fissures,  may  show  trifling  differ- 
ences in  the  arrangement  of  the  parts  which  compose  them ; 
but  to  all  intents  and  purposes  they  are  symmetrical.  They 
are  joined  together  by  a  more  or  less  broad  band  or  com- 
missure, which  intervenes  between  the  two  median  fissures. 

An  inspection  of  the  surface  of  each  lateral  half  of  the 
cord  brings  into  view  a  longitudinal  groove  or  furrow,  at 
some  little  distance  from  the  postero-median  cleft,  which 
extends  along  the  whole  length  of  the  cord.  Along  the 
bottom  of  this  groove  the  fascicles  of  the  posterior  nerve- 
roots  enter  the  cord  in  accurate  linear  order.  It  is  called 
the  postero-lateral  snlcos  (sulcus  lateralis  posterior).  There 
is  no  corresponding  furrow  on  the  forepart  of  each  lateral  ^°™^*'  sweuing- 
half  of  the  cord  in  connexion  with  the  emergence  of  the 
fascicles  of  the  anterior  nerve-roots.  These  fascicles  emerge 
irregularly  over  a  broad  strip  of  the  surface  of  the  cord, 
which  corresponds  in  its  width  to  the  thickness  of  the 
subjacent  extremity  of  the  anterior  horn  of  gray  matter. 

The  postero-lateral  groove  subdivides  each  lateral  half  of 
the  cord  into  a  small  posterior  colimm  (funiculus  posterior) 
and  a  much  larger  antero-lateral  column,  and  it  is  customary 
to  arbitrarily  map  off  the  latter  into  a  lateral  column 
(funiculus  lateralis)  and  an  anterior  column  (funiculus 
anterior)  by  a  line  corresponding  to  the  emergence  of  the 
outermost  fascicles  of  the  anterior  nerve-roots. 

In  the  cervical  region  a  distinct  longitudinal  groove 
may  be  observed  on  the  surface  of  the  posterior  column.  It 
is  placed  rather  nearer  to  the  postero-median  than  to  the 
poKtero-lateral  furrow,  and  as  it  is  traced  down  into  the 
dorsal  region  it  gradually  becomes  indistinct  and  finally 
disappears.  This  is  called  the  posterior  paramedian  groove, 
and  it  marks  on  the  surface  the  position  of  a  septum  of 
pia  mater  which  dips  into  the  cord  and  subdivides  the 
posterior  column  into  an  outer  part,  termed  the  ftmiculus 
coneatns  or  the  column  of  Burdach,  and  an  inner  portion,  which  receives  the  name 
of  the  ftmiculus  gracilis  or  the  column  of  Gh>lL 
33  6 
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Fio.  367. — Diagram  of  the 
Spinal  Cord  as  sbbk 
from  behind. 

CVi  shows  the  level  of  the  Ist 
cervical  vertebra  ;  CVv  of  the 
6th  cer\'ical  VHrtobra ;  DVii 
of  the  2nd  dorsal  vertebra ; 
DVx  of  the  10th  dorsal  verte- 
bra  ;  DVxii  of  the  12th  donuil 
vertebra ;  LVii  of  the  2nd 
lumbar  vertebra. 
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Internal  Sthuctcrb  of  the  Spinal  Cobd. 

The  spinal  cord  is  composed  of  a  central  core  of  gray  matter  thickly  coated  on 
the  outside  by  white  matter.  At  only  one  spot  does  the  gray  matter  come  close  to 
the  surface,  viz.  at  the  bottom  of  the  poatero-lateral  groove. 

Qray  Matter  of  the  Cord.— The  gray  matter  in  the  interior  of  the  cord  has 

the  form  of  a  fluted  column,  but  it  Ls  customary  to  descril)e  it  as  it  appears  in 

traosveree  sections  through  the  cord.     It  then  presents  the  appearance  of  the 

capital  letter  H.     In  each  lateral  lialf  of  the  cord  there  is  a  semilunar  or  crescentic 

mass,  shaped  somewhat  like  a  comma,  the  concavity  of  which  is  directed  outwards 

and  the  convexity  inwards.     The  two  crescents  of  opposite  sides  are  connected 

across  the  middle  line  by  a  transverse  band,  which  receives  the  name  of  the  gzxj 

commissure  (oommissura  grisea).     The   postero-mediau  fissure   cuts  through    the 

cord  until  it  reaches  the  gray  commissure.     The  bottom  of  the  antero-median 

Column  of  Goii  fi3Sure,however,is  separated 

from  it  by  an  inl«rvenini{ 

strip  of  white  matter,  which 

is  termed  the  anterior  white 

conuniBBure  (commissuraan- 

foitmuo  terior  alba).     In  the  gray 

L,t»i  commissure    may   be    seen 

c>i  the    centnl  canal   of    the 

spiiiai  iwo  cord     (canahs     centralis), 

oriBi  which   tunnels   the   entire 

length  of  the  cord  and  is 

just  visible   to  the    naked 

eye  as  a  minute  speck.    The 

AuiBtior  ™iumn  portion   of   the  gray  com. 

Fm.    388.  -THANSVBBaB    SBltlOM   THHOCGH    THE   UPPEB     P*BT   OF    TBK      miSSUrO     Wllich     llCS     behiuj 

Cervical  Rkoton  oc  thb  Cord  up  an  Oramu.  (FrranaBpeciuitii  the  central  canal  IS  called 
prepared  by  the  Wdgert-Pa]  in*tLo.l,  liy  which  the  while  mutter  ,u  ^ns/fn'nr  nrifii  i-nmmin. 
\*  rsnder«l  .l.rk  whilst  the  gmj  mutter  i«  hIeMhe.1.)  ''""  pOSierXOT  gray  COWtmiS- 

sure  (commissuni  griitea 
posterior);  whilst  the  portion  in  front  receives  the  name  ot  the  anterior  gray 
commissure  (commissura  grisea  anterior). 

Each  crescentic  mass  of  gray  matter  presents  certain  well-defined  parts.  The 
projecting  portions  which  extend  behind  and  in  front  of  the  connecting  transverse 
gray  commissure  are  termed  respectively  the  posterior  and  the  anterior  cornua  of 
gray  matter  (columufe  griseae).  These  stand  out  in  marked  contrast  to  each  other. 
The  anterior  comu  (columna  grisea  anterior)  is  short,  thick,  and  very  blunt  at  its 
extremity.  Further,  its  e.\tremity  falls  considerably  short  of  the  surface  of  the 
cord  and  is  separated  from  it  by  a  tolerably  thick  coating  of  white  matter. 
Through  this  the  fascicles  of  the  anterior  nerve-roots,  as  they  emerge  frt)m  the 
gray  matter  of  the  anterior  horn,  pans  on  their  way  to  the  surface.  The  thickeni'd 
end  of  the  anterior  cornu  is  called  the  caput  contu,  whilst  the  part  close  to  the 
gray  commissure  is  termed  the  cervix  or  basis  corns.  Throughout  the  greater  part 
of  the  cord  the  postorior  comu  (columna  grisea  posterior)  is  elongated  and  narrow, 
and  is  drawn  out  to  a  fine  point,  which  almost  reaches  the  bottom  of  the  postero- 
lateral sulcus.  This  pointed  extremity  receives  the  name  of  the  apex  coina ;  tlie 
slightly  swollen  part  which  succeeds  it  is  the  caput  comn;  whilst  the  slightly 
constricted  part  adjoining  the  gray  commissure  goes  under  the  name  of  the  cervix 
or  basis  coniu. 

The  apex  or  tip  of  the  posterior  cornu  differs  consiilerably  in  appearance  from 
the  general  mass  of  the  gray  matter.  It  is  composed  of  a  material  which  presents 
a  hgiiti'r  hue  and  has  a  somewhat  translucent  look.  It  is  called  the  sabstantu 
gelatinosa  Bolandi,  and,  when  seen  in  transverse  section,  it  exhibits  a  V-shaped  out- 
line and  fits  on  the  caput  cornu  like  a  cap. 

A  pointed  and  prominent  triangular  projection  juts  out  from  the  external 
aspect  of  gray  matter  nearly  opposite  the  gray  commissure.  This  is  the  la.tend 
horn  (columna  grisea  lateralis),  and  it  is  best  marked  in  the  upper  dorsal  region  (Fig. 
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369,  B).  Traced  upwards  it  becomes  absorbed  in  the  greatly  expanded  anterior  horn 
of  the  cervical  swelling,  but  it  reappears  again  in  the  upper  part  of  the  cord  and 
is  particularly  noticeable  in  the  second  and  third  cervical  segments ;  followed  in  a 
downward  direction  it  blends  with  the  anterior  horn  in  the  lumbar  swelling  and 
contributes  to  the  thickening  of  that  coruu. 

The  gray  matter  is  for  the  most  part  mapped  off  from  the  surrounding  white  matter 
with  a  considerable  degree  of  sharpness ;  but  in  the  cervical  region,  on  the  outer 
aspect  of  the  cresceniic  mass  and  in  the  angle  between  the  anterior  and  posterior 
horns,  line  bands  of  gray  matter  penetrate  the  white  matter,  and,  joining  with  each 
other,  form  a  network  the  meshes  of  which  enclose  small  islands  of  white  matter. 
This  constitutes  what  is  called  the  formatio  or  processus  reticularis.  Although 
best  marked  in  the  cervical  region,  traces  of  the  same  reticular  formation  may  be 
detected  in  lower  segments  of  the  cord. 

Characters  presented  by  the  Gray  Matter  in  Different  Regions  of  the  Cord. 
—The  gray  matter  is  not  present  in  equal  quantity  nor  does  it  exhibit  the  same 
form  in  all  regions  of  the  cord.  Indeed,  each  cord  segment  presents  its  own 
special  characters  in  both  of  these  respects.  It  is  not  necessary,  however,  in  the 
present  instance  to  enter  into  this  matter  with  any  degree  of  minute  detail.  It 
will  be  sufficient  if  we  point  out  the  broad  distinctions  which  are  evident  in  the 
different  regions. 

It  may  be  regarded  as  a  general  law  that,  wherever  there  is  an  increase  in  the 
size  of  the  nerves  attached  to  a  particular  part  of  the  cord,  a  corresponding 
increase  in  the  amount  of  gray  matter  will  be  observed.  It  follows  from  this 
that  the  regions  where  the  gray  matter  bulks  most  largely  are  the  lumbar  and 
the  cervical  swellings.  The  great  nerve-roots  which  go  to  form  the  nerves  of  the 
large  limb-plexuses  enter  and  pass  out  from  those  portions  of  the  cord.  In  the 
dorsal  region  there  is  a  reduction  in  the  quantity  of  gray  matter  in  correspondence 
with  the  smaller  size  of  the  dorsal  nerves. 

In  the  dorsal  region  (Fig.  369,  B)  both  horns  of  gray  matter  are  narrow,  although 
the  distinction  between  the  anterior  horn  and  the  still  more  attenuated  posterior 
horn  is  sufficiently  manifest.  In  this  region  the  lateral  horn  of  gray  matter  is 
likewise  characteristic,  and  the  substantia  gelatinosa  Kolandi  in  transverse  section 
is  pointed  and  spear-shaped. 

In  the  upper  three  segments  of  the  cervical  region  the  anterior  horns  of  gray 
are  not  large  and  resemble  the  corresponding  horns  in  the  dorsal  region.  A  lateral 
horn  is  also  present.  But  in  these  segments  (and  more  especially  in  the  first  and 
second)  there  is  a  marked  attenuation  of  the  neck  of  the  posterior  horn,  and  the 
posterior  gray  commissure  is  very  broad. 

In  the  cervical  stvelling  of  the  cord  the  contrast  between  the  two  cornua  is 
most  striking ;  the  anterior  horn  is  of  great  size  and  presents  a  very  broad  surface 
towards  the  anterior  aspect  of  the  cord,  whilst  the  posterior  horn  remains  narrow. 
This  great  increase  in  the  bulk  of  the  anterior  honi  is  due  to  a  marked  addition 
of  gray  matter  on  the  outer  side  of  the  horn,  and  seeing  that  this  additional  matter 
is  traversed  by  a  greater  numljer  of  fibres,  it  stands  out,  in  well-prepared  specimens, 
more  or  less  distinctly  from  the  part  of  the  horn  which  lies  to  the  inner  side,  and 
which  may  be  considered  to  represent  the  entire  anterior  horn  in  the  dorsal  and 
upper  cervical  segments.  Within  this  lateral  addition  to  the  anterior  horn  are 
placed  those  collections  of  cells  which  constitute  the  nuclei  of  origin  of  the  motor 
nerves  of  the  muscles  of  the  upper  limb.  The  characteristic  thickening  of  the 
anterior  horn  of  gray  matter  is  evident,  therefore,  in  those  segments  of  the  cord 
to  which  the  nerves  which  enter  the  brachial  plexus  are  attached,  viz.  the  lower 
live  cervical  segments  and  the  first  dorsal  segment. 

In  the  lumbar  swelling  the  anterior  horns  ngain  broaden  out,  and  for  the  same 
reason  as  in  the  case  of  the  corresponding  horns  in  the  cervical  swelling.  The 
nuclear  masses  which  contain  the  cells  from  which  the  motor  fibres  which  supply 
the  muscles  of  the  lower  limbs  take  origin  are  added  to  the  outer  aspect  of  the 
horns  and  give  them  a  very  characteristic  appearance.  In  this  region  of  the  cord, 
however,  the  posterior  horns  are  also  broad  and  capped  by  substantia  gelatinosa 
Kolandi,  which   in   transverse  section  presents  a  semilunar  outline.      There  is 


458  THE  NERVOUS  SYSTEM. 

consequently  uo  difficulty  in  distinguishing  from  an  inspection  of  the  gray  matter 
alone  between  transverse  sections  of  the  cord  taken  from  the  cer^-ical  and  lumbar 
swellings  of  the  cord. 


B.— Through  the  tDld-dor 


A.— CerriMi  region— »t  the  IflToloftbe  flflh  cervical  d< 

( From  n  apwimeD  prepared  by  Dr.  A.  Bruce. ) 
P«tero-inediiiii  fluun.  H.  Cnntnl  anil. 

Pininodiiii  •eptuni.  D.  Nuclei    rrom    Hhich 

Postera-LmMni  groove.  flbrEA  for  muh^leB  of 

SubeUDtli  getalidou  ttoUndl.       10.  Anterior  coiiimiBUn. 
Root-nbrfflenleriiiK  grmy  iiiatMr.  11.  Anteiiar  nerve- ivol. 


-Through  the  ucral  region  at  the  level  of  the 
thini  iiBcral  uene.  (From  ■  epecioieQ  pct- 
pariMi  by  Dr.  A.  Bmce. ) 


C.  —Through  the  lumhar  ngiuu  at  the  level  of  the 

fourth  lumbar  nerve.  ■-  rii"i«iy-"i™i«u 

1.  Po»»riw  iHTTp-rool.  T.  Knew  ol  origin  from  i.  Suh.tanlia  pvla 

2.  ["Ml^rc^niHllaii  ll.i.ure.  "hull  the  motor-  4.  Pmlerior  gray  t 
».  Boliilantiagelatirania  BolaniU.  flbrm  for  iiioiwlei.  of  5.  Aiila^rior  conimi 
4.  Biiol-niBBii     entering     gray          thelowerllmbariM.  fl.  AiiUromedlan  I 

t.  Central  canal.  U,  Anteiu-m»1lahn>8U[p. 

«.  Anterior  eommlMure. 

FlU.  3flB.— SbCTIUN  TtlKOUCK  EACH  OK  TUB  FODR 
the  Weigert-Pal  method,  therefore  the  wli 
matter  is  bleached.) 

In  the  lower  part  of  the  conns  medullaHs  the  gray  matter  in  each  lateral  half 
of  the  cord  asauines  the  form  of  an  oval  mass  joined  to  its  fellow  of  the  opposite 
side  by  a  thick  gray  commissure.     Here  almost  the  entire  bulk  of  the  cord  consist* 
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of  gray  matter,  seeing  that  the  white  matter  is  reduced  to  such  an  extent  that  it 
forms  only  a  thin  coating  on  the  outsida 

White  Matter  of  the  Spinal  Oord. — In  transverse  sections  of  the  cord  the 
three  columns  into  which  the  white  matter  is  subdivided  become  very  apparent. 
The  posterior  column  is  wedge-shaped^  and  lies  between  the  postero-median  fissure 
and  the  posterior  horn  of  gray  matter.  The  lateral  colnmn  occupies  the  concavity 
of  the  gray  crescent.  Behind,  it  is  bounded  by  the  posterior  horn  of  gray  matter 
and  the  postero-lateral  sulcus,  whilst  in  front  it  extends  as  far  as  the  outermost 
fasciculi  of  the  anterior  nerve-roots  as  they  pass  out  from  the  anterior  gray  horn. 
The  anterior  colnmn  includes  the  white  matter  between  the  antero-median  fissure 
and  the  anterior  horn  of  gray  matter,  and  also  the  white  matter  which  separates  the 
broad  extremity  of  the  anterior  gray  comu  from  the  surface  of  the  cord.  This 
latter  portion  of  the  anterior  columu  is  traversed  by  the  emerging  fascicles  of  the 
anterior  nerve-roots. 

In  cross-gections  of  the  cord  the  partition  of  pia  mater,  which  dips  in  at  the 
posterior  paramedian  groove  and  divides  the  posterior  columu  into  the  column  of 
Uoll  and  the  column  of  Burdach,  is  very  strongly  marked  in  the  cervical  regions, 
but  as  it  is  traced  downwards  into  the  dorsal  region  it  becomes  shorter  and  fainter, 
and  finally  disappears  altogether  at  the  level  of  the  eighth  dorsal  nerve.  Below 
this  point  there  is  no  visible  demarcation  of  the  posterior  column  into  two  parts. 

The  white  matter  is  not  present  in  equal  quantity  throughout  the  entire  length 
of  the  cord.  It  increases  steadily  from  below  upwards,  and  this  increase  is  most 
noticeable  in  the  lateral  and  posterior  columns.  In  the  lower  part  of  the  conus 
medullaris  the  amount  of  gray  matter  is  actually  greater  than  that  of  the  white 
matter :  but  very  soon  this  state  of  affairs  is  changed,  and  in  the  lumbar  region  the 
proportion  of  gray  to  white  matter  is  approximately  as  1 :  2*1 ;  in  the  dorsal  region 
as  1 : 5 ;  and  in  the  cervical  region  as  1 : 5'1.  When  it  is  remembered  how  the  gray 
matter  expands  in  the  lumbar  and  cervical  regions,  and  how  greatly  it  becomes  reduced 
in  the  dorsal  region,  the  significance  of  these  figures  will  become  more  apparent. 

Oentral  Oanal  (canaUs  centralis). — As  previously  stated,  the  central  canal  is 
found  in  the  gray  commissure.  It  is  a  very  minute  tunnel,  barely  visible  to  the 
naked  eye  when  seen  in  transverse  section,  and  it  traverses  the  entire  length  of  the 
cord.  Above,  it  passes  into  the  medulla  oblongata,  and  finally  opens  into  the  fourth 
ventricle  of  the  brain ;  below,  it  is  continued  for  a  variable  distance  into  the  filum 
tenninale,  and  in  this  it  ends  blindly.  Only  in  the  lumbar  region  does  the  central 
canal  occupy  the  centre  of  the  cord.  Above  this  level,  in  the  dorsal  and  cervical 
regions,  it  lies  very  much  nearer  the  anterior  than  the  posterior  aspect  of  the  cord ; 
whilst  below  the  lumbar  region,  as  it  is  traced  down  into  the  conus  medullaris,  it 
inclines  backwards  and  approaches  the  posterior  aspect  of  the  cord.  The  calibre  of 
the  canal  likewise  varies  somewhat  in  different  parts  ol  the  cord.  It  is  narrowest 
in  the  dorsal  region ;  and  in  the  lower  part  of  the  conus  medullaris  it  expands  into 
u  distinct  fusiform  dilatation  (very  nearly  1  mm.  in  transverse  diameter),  which  is 
termed  the  ventriculns  tenninalis  (Erause). 

The  central  canal  is  Uned  by  a  layer  of  ciliated  columnar  cells,  the  deep  taper- 
ing ends  of  which  are  prolonged  into  sleijder  processes,  which  penetrate  into  the 
substance  of  the  cord.  These  cells  constitute  the  lining  ependymal  cells  of  the 
canal.  The  cilia  of  the  epithelial  cells  are  very  early  lost,  and  it  is  not  uncommon 
to  find  the  canal  blocked  up  by  epithelial  debris. 

The  central  canal  is  of  interest  because  it  represents  in  the  adult  the  relatively 
wide  lumen  of  the  early  ectodermal  neural  tube  from  which  the  spinal  cord  is 
developed. 

Filom  Terminale. — The  delicate  thread  to  which  this  name  is  applied  is  con- 
tinuous with  the  lower  tapered  end  of  the  conus  medullaris.  It  is  easily  distin- 
guished by  its  silvery  and  glistening  appearance  from  the  numerous  long  nerve-roots 
(cauda  equina)  amidst  which  it  lies.  It  is  about  six  inches  long,  and  down  to  the 
level  of  the  second  sacral  vertebra  it  is  inclosed  with  the  surrounding  nerve-roots 
within  the  theca  of  dura  mater.  Piercing  the  tapered  and  closed  end  of  the  theca 
at  this  point,  and  receiving  an  investment  from  it,  the  filum  terminale  proceeds 
downwards  in  the  sacral  canal,  and  finally  receives  attachment  to  the  periosteum  r 
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the  dorsal  aspect  of  the  coccyx  (Fig.  364,  p.  453).  It  is  customary  to  speak  of  the 
filiim  as  consisting  of  two  parts,  viz.  the  filum  terminale  internum  and  the  filum 
terminale  externum,  or  the  part  inside  and  the  part  outside  the  theca  of  dura  mater. 
The  fllum  terminale  eztemnm  is  simply  a  tibrous  thread,  strengthened  by  the 
prolongation  it  receives  as  it  pierces  the  dura  mater.  The  fllnm  tenninale  intemmn 
is  largely  composed  of  pia  mater ;  but  in  its  upper  half  it  incloses  the  terminal  part 
of  the  central  canal,  and  around  this  a  variable  amount  of  the  gray  substance  of  the 
cord  is  prolonged  downwards  into  the  filum.  When  transverse  sections  are  made 
through  the  upper  part  of  the  filum  terminale  internum  some  bundles  of  medul- 
lated  nerve-fibres  are  observed  clinging  to  its  sides,  and  with  these  are  associated 
some  nerve-cells  identical  with  those  in  the  spinal  ganglia.  These  represent  rudi- 
mentary or  aborted  caudal  nerves  (Rauber). 

Summary  of  the  Chief  Characters  presented  by  the  Cord  in  its 

Different  Regions. 


CervicAl  Region. 


lu  transverse  section, 
ontlilM  of  cord  trans- 
versely oval ;  in  the 
middle  of  the  cervical 
swelling  the  transverse 
diameter  being  nearly 
one -third  longer  than 
the  antero  -  posterior 
diameter. 


Dorsal  Region. 


In  transverse  section, 
ontline  of  cord  more 
nearly  circular ;  but 
stiU  the  transverse  di- 
ameter is  greater  than 
the  antero  -  posterior 
diameter. 


Lumbar  Region. 


Sacral  Region. 


In     transverse    section,      In    transverse     section, 


ouUine  of  cord  more  i 
nearly  circular  than  in 
dorsal  region. 


ontline  of  oord, 
nearly  circular,  but 
still  somewhat  com- 
pressed from  before 
backwards. 


Poitoro  -  median  elof t     Postero  -  median  cleft 


very  deep,  extending 
beyond  the  centre  of 
cord;  antero-medlan 
olefb  shallow. 


Oray  matter  greatly  in- 
creased in  quantity  in 
tlie  cervical  swelling : 
anterior  horn  thick 
and  massive;  posterior 
horn  slender  in  com- 
parison. Lateral  horn 
only  evident  above  the 
level  of  the  fourth  cer- 
vical nerve.  Formatio 
reticularis  strongly 
marked. 


very  deep,  extending 
beyond  centre  of  cord : 
antero-medlan  cleft 
shallow. 


Gray  matter  greatly 
i-educed  in  quantity. 
Both  horns  slender. 
Lateral  lioni  well 
marked.  Formatio 
reticularis  scarcely  ap- 
parent. 


Postero  -  median  cleft 
not  nearly  so  deep  as 
in  regions  above :  an- 
tero-medlan cleft,  on 
the  other  hand,  much 
deeper. 


Oray  matter  greatly  in- 
creased in  the  lumbar 
swelling.  Both  horns 
very  thick  and  raas.sive. 
Lateral  horn  absorl)e<l 
in  anterior  horn.  For- 
matio reticularis  ab- 
sent. 


Pottero '  median     and 
antero-median  olelle 

of  equal  dei)th. 


Both  horns  of  gray 
matter  ver}*  thick  autl 
massive.  Lateral  honi 
apparent  No  form- 
atio reticularis. 


White  matter  in  ^reat 
({uantity,  and  especi- 
ally massed  in  the 
lateral  and  posterior 
columns. 


White  matter  less 
in  quantity  than  in 
cervical     region,    but 

'  bulking  largely  in 
I'omparison  with  the 
quantity  of  gray 
niuttt'r. 


White  matter  small  in 
quantity  in  relation  to 
higher  regions,  and 
very  small  in  amount 
in  relation  to  in- 
creased (]uantity  of 
gray  matter. 


White  matter  very 
small  in  quantity  in 
comparison  with  the 
gray  matter. 


,  Posterior  paramedian 
groove  Hud  septum 
well  marked. 

i 
I 


Central  canal  consider- 
ably nearer  the  anterior 
surface  than  the  ])os- 
terior  surface  of  the 
cord. 


Posterior  paramedian 
groove  absent  ;  but 
the  corres{)onding  sep- 
tum can  be  traced  as 
low  down  as  the  eighth 
•  lor'iul  nerve. 


Central  canal  con.sider- 

ablv  nearer  the  an  terior 

» 

surface  than  the  pos- 
terior surface  of  the 
oord. 


No  posterior  para- 
median   groove    or 

septum. 


Central  canal    in   the 

centre  of  the  cord. 


No  posterior 
median  groove  and  o 

corresponding  sc]>tuiii 


(I 


Central   canal  iu    tlit- 
centre  of  the  conl. 
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Component  Pabts  of  thk  Gray  Matter  of  the  Spinal  Cord. 

Neuroglia  enters  largely  into  the  constitution  of  the  gray  matter  of  the  cord. 
It  forms  a  bed  within  which  the  nervous  elements  are  distributed.  These  nervous 
elements  consist  of  (1)  nerve-cells  and  (2)  nerve-fibres — both  meduUated  and  non- 
meduUated.  The  nerve-cells  lie  in  small  spaces  within  the  neuroglia,  whilst  the 
nerve-fibres  traverse  fine  passages  the  walls  of  which  are  formed  of  the  same  sub- 
stance. The  neuroglia  is  thus  an  all-pervading  basis  substance,  which  isolates  more 
or  less  completely  the  nervous  elements  from  each  other,  and  at  the  same  time 
binds  them  together  into  a  consistent  solid  mass.  In  two  situations  the  gray 
matter  presents  special  characteristics  which  have  earned  for  it  the  name  of 
substantia  gelatinosa,  viz.  the  gray  matter  which  constitutes  the  immediate  sur- 
rounding of  the  central  canal,  and  which  is  called  the  substantia  gelatinosa 
centralis;  and  that  which  forms  the  apical  part  of  the  posterior  horn  of  gray 
matter,  and  which  receives  the  name  of  substantia  gelatinosa  BolandL  In  both 
situations  the  substantia  gelatinosa  stains  more  deeply  with  carmine  and  presents 
a  more  translucent  appearance ;  in  other  respects  the  substantia  centralis  and  the 
substantia  Rolandi  are  very  different. 

The  substantia  gelatinosa  centralis  forms  a  thick  ring  around  the  central  canal, 
which  is  traversed  by  the  fine  processes  which  proceed  from  the  deep  ends  of  the 
ependymal  cells  which  line  the  canaL  It  is  almost  entirely  composed  of  neuroglia. 
In  transverse  sections  of  the  cord  the  substantia  Rolandi,  in  the  cervical  and 
dorsal  regions,  presents  the  appearance  of  a  V-shaped  mass,  embracing  the  extremity 
of  the  caput  of  the  posterior  horn  of  gray  matter ;  in  the  lumbar  region  this  cap 
assumes  a  semilunar  outline. 

In  the  substantia  gelatinosa  Rolandi  the  neuroglia  is  present  in  small  quantity, 
and  small  nerve-cells  are  developed  within  it  in  considerable  numbers. 

Nerve-Oells. — The  nerve-cells  are  scattered  plentifully  throughout  the  gray 
matter,  but  perhaps  not  in  such  great  numbers  as  might  be  expected  when  we  note 
the  enormous  number  of  nerve-fibres  with  which  they  stand  in  relation.  They  are 
all,  without  exception,  multipolar,  and  send  off  from  their  various  aspects  several 
branching  protoplasmic  processes  or  dendrites,  and  one  axon,  which  becomes  the 
axis-cylinder  of  a  nerve-fibre.  In  size  they  vary  considerably,  and  it  is  generally 
admitted  that  the  bulk  of  a  nerve-cell  has  a  more  or  less  definite  relation  to  the 
length  of  the  axis-cylinder  which  proceeds  from  it. 

When  the  nerve-cells  are  studied  in  a  series  of  transverse  sections  of  the  cord, 
it  will  be  noticed  that  a  large  proportion  of  them  are  grouped  in  clusters  in  certain 
districts  of  the  gray  matter ;  and  as  these  groups  are  seen  in  very  much  the  same 
position  in  successive  sections,  it  is  clear  that  these  cells  are  arranged  in  longitudinal 
columns  of  greater  or  less  length.  Thus  we  recognise  (1)  a  ventral  group  or  column 
of  cells  in  the  anterior  horn  of  gray  matter;  (2)  an  intermedio-lateral  group  or 
column  in  the  lateral  horn  of  gray  matter,  where  this  exists ;  and  (3)  a  posterior 
vesicular  column  of  cells  (Clarke's  column),  forming  a  most  conspicuous  group  in 
the  mesial  part  of  the  cervix  of  the  posterior  horn  in  the  dorsal  region  of  the 
cord. 

Other  cells  besides  those  forming  these  columns  are  scattered  somewhat  irregu- 
larly throughout  the  gray  matter  of  the  posterior  horn  and  the  part  of  the  gray 
crescent  which  lies  between  the  two  horns ;  and  although  these  also  in  some  measure 
may  be  classified  into  groups,  the  arrangement  thus  effected  is  not  of  so  definite  a 
character  as  to  justify  us  in  dwelling  upon  it  in  the  present  instance. 

Ventral  Cell-Coliinm  and  the  Origin  of  the  Fibres  of  the  Anterior  Nerve- 
Roots. — The  ventral  cell-group  occupies  the  anterior  horn  of  gray  matter,  and  in 
it  are  found  the  largest  and  most  conspicuous  cells  in  the  spinal  cord.  It  extends 
from  one  end  of  the  cord  to  the  other.  These  ventral  nerve-cells  have  numerous 
wide-spreading  dendritic  processes,  and  it  is  to  be  noticed  that  certain  of  these 
dendrites  do  not  confine  their  ramifications  to  the  gray  matter.  Thus,  some  of  the 
cells  along  the  mesial  border  of  the  anterior  horn  of  gray  matter  send  dendrites 
across  the  mesial  plane  in  the  anterior  commissure  to  end  in  the  anterior  gray 
horn  of  the  opposite  side;  whilst  others,  lying  along  the  lateral  or  outer  margin  of 
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the  anterior  horn  of  gray  matter,  send  dendrites  in  amongst  the  nerve-fibres  of  the 
adjoining  white  matter. 

The  axons  or  axis-cylinder  processes  of  a  large  proportion  of  the  ventral  cells 
converge  together ;  and,  becoming  medullated,  form  bundles  which  pass  out  from 
the  gray  matter,  and  through  the  white  matter  which  separates  the  thick  end  of 
the  anterior  horn  from  the  surface  of  the  cord,  to  finally  emerge  as  the  fascicles  of 
the  anterior  nerve-roots.     These  cells,  then,  are  the  sources  from  which  the  nen-e- 


PoHtero- lateral  furrow 


PoHterior  horn  of 
matter 


Postero-median  fissure 


Oniy  commlssui'e- 


Antero-mediaii 
furrow 


Postero-lateral  group  of 
motor  cells 


Aiitero-mesial  group 
of  motor  ceils 


Antero-lateral 
group  of  motor  cells 


Fig.  370. — Section  throuqh  the  Piit^h  Cervical  Segment  of  the  Cord. 

on  Plates  iu  Dr.  Bnice's  Atla^.) 


(To  a  large  extent  founded 


fibres  of  the  anterior  nerve-roots  proceed,  and  in  consequence  they  are  frequently 
spoken  of  as  the  "  motor  cells  "  of  the  cord.  Whilst  this  is  the  arrangement  of  the 
axons  of  the  great  majority  of  the  motor  cells,  it  should  be  noted  that  a  few  cross 
the  mesial  plane  in  the  anterior  white  commissure  and  emerge  in  the  fascicles  of 
origin  of  the  opposite  anterior  nerve-root. 

The  ventral  cells  are  not  scattered  uniformly  throughout  the  anterior  horn  of  gray 
matter.  They  are  aggregated  more  closely  together  in  certain  parts  of  the  anterior  honi, 
and  thus  form  sub-groups  or  columns  more  or  less  perfectly  marked  off  from  each  other. 

Thus  one  sub-group  or  column  of  ventral  cells  occupies  the  inner  or  mesial  part  of  the 
anterior  horn  of  gray  matter  throughout  almost  its  whole  length.  In  only  two  segments 
of  the  cord  is  it  absent,  viz.  the  fifth  lumbar  and  the  first  sacral ;  at  this  level  in  the  cord 
alone  is  its  continuity  broken  (Bruce).  It  is  termed  the  ventro-mesial  column  or  group  of 
ventral  cells.  Behind  this  cell-column  there  is  another  which  is  classed  with  it  to  which 
the  name  of  dorso-mesidl  column  or  group  is  given,  but  this  column  of  cells  is  not  con- 
tinuous throughout  the  entire  length  of  the  cord.  It  is  present  in  the  dorsal  region  of 
the  cord  where  the  motor  nuclei  for  the  muscles  of  the  limbs  are  absent,  and  it  is  also  seen 
in  two  or  three  of  the  segments  of  the  cervical  region  and  iu  the  first  lumbar  segment 
(Bruce)  ;  elsewhere  it  is  not  represented. 

In  the  cervical  and  lumbar  swellings  of  the  cord,  where  the  marked  lateral  outgrowth 
is  added  to  the  outer  side  of  the  anterior  horn  of  gray  matter,  certain  groups  of  large 
multipolar  cells  are  visible.  These  are  the  nuclei  of  origin  of  the  motor-fibres  which 
supply  the  muscles  of  the  limbs,  and  consequently  they  are  not  represented  in  the  up|>er 
three  cervical  segments  of  the  cord  ;  nor  in  any  of  the  dorsal  segments,  with  the  exception 
of  the  first  dorsal  segment ;  nor  in  the  two  lowest  sacral  segments. 

These  lateral  cells  are  arranged  in  several  columns,  which  extend  for  varying  distancei» 
in  the  superadded  lateral  parts  of  the  anterior  horn  of  gray  matter.  The  two  main 
columns  are  a  ventro-lateral  and  a  dorso-lateral  column ;  in  certain  segments  there  is 
likewise  a  posUlorso-lateral  column^  and  in  a  number  of  segments  in  the  lumbar  and  sacml 
regions  a  central  column  of  cells  (Bruce). 
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Pofltaro-latenil  furrow 


Posterior  horn 
'  gray  nutter 


Pottteromedian 
flaaure 


column  of  cells) 
Gray  commijwure 


Antero-inedian 
furrow 


Antero-mesial  group 
of  motor  cellH 


Intermedio-lateral 
tract  of  cells 


PoHtero-nieaial  group 
of  motor  cells 


There  cannot  be  a  doubt  that  the  grouping  of  the  motor  cells  in  the  anterior  horn  of 
gray  matter  of  the  cord  stands  in  relation  to  the  muscle  groups  to  which  their  axis-cylinder 
processes  are  distributed ;  but 
from  what  has  been  said  it  will 
be  apparent  that  sharply  defined 
cell -clusters  associated  with  par- 
ticular muscles  do  not  exist. 
Still,  much  can  be  learned  re- 
garding the  localisation  of  the 
motor  nuclei  in  the  anterior 
horn  of  gray  matter  of  the  cord 
from  the  study  of  the  changes  Ponterior  veaicuiar 
which  occur  in  the  cell-columns      column  (CUrke'a 

after  atrophies  of  isolated  muscles 

or  groups  of  muscles,  and  after 

complete  or  partial  amputations 

of  limbs.     It  has  been  pointed 

out  that   the   long  muscles   of 

the  trimk  (as,  for  example,  the 

different  parts   of    the   erector 

spinae   muscle)   receive   nerve - 

fibres    from   all    the   segments 

of   the   cord.     Now,    we    have   fio,  371. —Skction  through  thk  Eiohth  Dorsal  Segment  of  the 

noted    that    there    is  only    one  Spinal  Cord.      (To  a  large  extent  founded  on  Plates  in  Dr. 

cell -column,  the  ventro- mesial  Bvuce's  Atlwt.) 

column,  which  pursues  an  almost 

uninterrupted  course  throughout  the  entire  length  of  the  cord.      It  may  be  assumed, 

therefore,  that  the  nerve-fibres  which  go  to  these  long  trunk-muscles  take  origin  in  these 

mesial  cells. 

Edinger  states  that  in  the  anterior  horn  of  gray  matter  the  nuclei  of  origin  of  the 

nerves  which  supply  the 
proximal  muscles  are  medially 
placed  ;  that  those  for  the 
distal  muscles  are  in  general 
situated  laterally.  If  this 
be  the  case,  the  cells  con- 
nected with  the  shoulder 
muscles  would  lie  nearer  the 
middle  of  the  anterior  horn 
of  gray  matter  than  those 
which  are  connected  with 
the  hand-muscles.  In  cases 
where  the  forearm  and  hand, 
or  the  leg  and  the  foot,  are 
amputated,  it  would  appear 
that  it  is  the  postero-lateral 
column  of  cells  that  shows 
changes  in  consequence  of  its 
separation  from  the  m\iscles 
to  which  its  fibres  are  dis- 
tributed.^ 


Poetero  median 
flaaure 


Gray 
commiMtire 


Antero-median 
ftirrofr 


Poatero-iateral  fUrrow 


Posterior  honi  of 
gray  matter 


Antero-mesial 
group  of  cella 


Central  grouj* 
of  cella 


An  tero- lateral 
group  of  cells 


Postero-lateral  group 
of  cells 

Intermedio -lateral  Gell- 
colunm.— The  intermedio- 

Pici.  372.— Section  through  the  Third  Lumbar  Segment  of  the   lateral   cells    form   a   long 
Spinal  CtoRD  to  show  the  grouping  ok  the  Motor  Cells.     (To    ai«„^^«  nrAiim-n  wViinV.  ov 
a  large  extent  founded  on  Plates  in  Dr.  Bruce's  Atlas.)  ?      j    .1  COlUmn  WHlcn  ex- 

tends throughout  theentire 

dorsal  region  of  the  cord  in  the  lateral  horn  of  gray  matter.     It  is  also  prolonged 
downwaids  into  the  first  and  second  lumbar  segments,  where  it  disappears.     In 


'  Those  who  seek  further  information  regardiug  the  grouping  of  the  ventral  cellR  of  the  cord,  may  with 
advantage  stndy  Dr.  Alexander  Bruce's  A  Has  of  ike  Spinal  Curd. 
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Pofttoro-latenil  ftirrow 


Postero-median 
flasurc 


Gray  cozniniS' 
atire 


Antero-mcdian 

lUrrow 


Po8t«'iior  honi  of  gray 
atter 


Post-)>OHtero> 
lateral  group 
of  cells 


Central  group  of  celU 


Postero*Uiteral  group 
cella 


Antero-lateial  group  of  cells 


transverse  sections  through  the  cord  this  cell-group  presents  a  very  characteristic 
appearance,  because  the  cells  which  compose  it  are  small  and  are  closely  packed 

together.  Although  these 
cells,  as  a  continuous 
column,  are  restricted  to 
the  region  indicated,  it 
should  be  noted  that  the 
iiame  group  of  cells  re- 
appears above  in  certain  of 
the  cervical  segments  and 
also  in  the  third  and  fourth 
sacral  segments.  The  func- 
tion and  connexions  of 
those  cells  are  unknown. 
It  has  been  suggested  that 
they  give  origin  to  vaso- 
motor, pilo  -  motor,  and 
sweat  -  gland  nerves,  and 
have  a  very  close  connexion 
>vith  the  sympathetic  ner- 
vous system. 

lu    a    rec«iut    reeearch   l>v 

ft 

Bruce  the  following  important 
points  in  regard  to  the  inter- 
niedio-lateral  cell-column  hav*» 
)>een  determined. 

Fig.  378.— Section  through  the  First  Sacral  Secsment  of  the  It  is  not  nuite  continuouis. 
Spinal  Cord  to  show  the  groupino  of  the  Motor  Nerve- cells.  In  the  eightli  cervical,  first 
(To  a  large  extent  fouudecl  on  Plates  in  Dr.  Bruce's  Atlas. )  dorsal,  and  also  in  a  part  of  tJie 

second  dorsal  segment,  as  Will 
as  in  the  fiiBt  and  second  lumbar  segments,  the  cells  are  in  separate  clusters.  Tliroughout  the 
rest  of  the  dorsal  region  it  forms  a  moniliform  chain  of  cells,  situated  partly  in  the  lateral  horn 
and  partly  in  the  gray  matter  behind  it.  Some  outlying  cells  are  situated  in  the  white  matter 
in  the  neighbourhood  of  the  lateral  horn. 

The  limits  of  the  tract  are  from  lower  two-thirds  of  eighth  cervical  to  the  lower  end  of  the 
second  lumbar  or  perhaps  the  upper  end  of  the  third  lumbar  segment  It  is  found  also  in  the 
first,  second,  and  third  cervical,  and  in  the  third  and  fourth  sacral  segments.  It  reaches  its 
maximum  size  in  the  third  and  fouilh  dorsal  segments. 

Posterior  Vesicular  Column — Clarke's  Column. — This  occupies  the  posterior 
horn  of  gray  matter  and  is  the  most  conspicuous  of  all  the  cell-groups  in  the 
cord.  It  does  not,  however,  extend  along  the  whole  length  of  the  cord;  indeed 
it  is  almost  entirely  confined  to  the  dorsal  region,  and  in  consequence  it  is  some- 
times referred  to  as  tlie  "  dorsal  nucleus."  Above,  it  begins  opposite  the  seventh  or 
eighth  cervical  nerve,  whilst  below,  it  may  be  traced  to  the  level  of  the  second 
lumbar  nerve,  where  it  disappears.  In  transverse  section  of  the  cord  it  presents  an 
oval  outline,  and  is  seen  in  the  inner  part  of  the  cervix  of  the  posterior  horn  of 
gray  matter  immediately  behind  the  gray  commissure  (Fig.  369  B,  p.  458).  On  the 
outer  side  it  is  circumscribed  by  numerous  curved  fibres  from  the  entering  posterior 
nerve-root,  and  in  the  lower  dorsal  region  of  the  cord  (opposite  the  eleventh  and 
twelfth  dorsal  nerves)  it  becomes  so  marked  that  it  forms  a  bulging  on  the  inner 
asp.'ct  of  the  posterior  gray  horn. 

The  cells  of  Clarke's  column  are  large,  and  possess  several  dendritic  processes. 
The  axons  enter  the  lateral  column  of  whiU^  matter  and  there  form  a  strand  of 
fibres,  which  will  later  on  1k3  described  under  the  name  of  the  direct  cerebellar  tract. 

In  addition  to  the  topographical  suMi vision  of  the  nerve-cells  of  the  cord  indicated  above,  it 
is  now  usual  to  classify  them  accoi-diiiff  to  the  nature  of  the  axons  which  proceed  from  them. 
Thus  we  have  (1)  the  celLj  of  Qolgi  or  cells  with  short  axons,  and  (2;  cells  with  long  axons. 

The  cells  of  Oolgi  possess  axoiin  which  do  not  emerge  fi'oin  the  gray  matter,  but  bring  neigh- 
bouring cells  into  touch  with  oa<;h  other.  The  cells  with  long  axons  are  of  two  kinds,  viz. 
radicular  cells  and  strand -re  Us. 

The  radicular  cells  are  those  from  which  the  axcm  emerges  from  the  cord  in  the  shape  of  an 
eflferent  nerve-fibre.     Thus  the  "motor  cells"  which  supply  the  axis-cylinder  processes  of  the 
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anterior  nerve-rooU  belong  to  thia  clasa.  The  atruid-cellB  are  those  which  contribute  their  axons 
lo  the  foriuation  of  those  fibres  which  form  certain  of  the  strands  or  tracts  which  are  found  in 
ib<  white  matter  of  the  cord. 

Nerve-fibres  in  the  Gray  Matter  of  the  Cord.— Nerve-fibres  both  of  the 
medullated  itnd  n  on- medulla  ted  variety  pervade  every  part  of  the  gray  matter. 
They  are  of  three  kinds,  viz.  (1)  collaterals,  (2)  t«rmination8  of  nerve-tibree,  (3) 
axons  given  off  by  the  cells.  Many  of  the  nerve-fibres  which  compose  the  columns 
of  wliite  matter  of  the  cord  give  off  numerous  fine  collateral  brandies,  which  pass 
into  the  gray  matter  from  all  aides  and  finally  end  in  relation  with  the  nerve- 
eells.  The  majority  of  the  nerve-fibres  themselves,  which  thus  give  off  colUterals, 
finally  enter  the  gray  matter,  and  end  similarly.  As  already  noted,  the  axons  of 
the  cells  of  Golgi  remain  within  the  gray  matter,  but  the  others  emerge  either  for 
the  purpose  of  entering  a  peripheral  nerve  or  for  the  purpose  of  entering  a  strand 
of  fibres  in  the  white  matter  of  the  cord. 

The  nerve-fibres  thus  derived  are  interwoven  together  in  the  gray  matter  of  the 
cord  in  a  dense  inextricable  interlacement. 

Component  Parts  of  the  White  Matter  of  the  Cord. 

The  white  matter  of  the  cord  is  composed  of  medullated  nerve-fibres  embedded 

in  neuroglia.     The  fibres,  for  the  moat  part,  pursue  a  longitudinal  course;  and 

from    the    deep    surface    of    the    pia    mater   which 

surrounds  the   cord   fibrous   eepta   or  partitions  are 

carried  in  along  vertical  planes  between  the  fibres,  so 

as  to  form  an  irregular  and  very  imperfect  fibrous 

framework  of  support.     The  neuroglia  is  disposed  in 

a  layer  of  varying  thickness  around   the  cord,  sub- 
jacent to  the  pia  inater,  and  is  carried  into  the  cord 

so  as  to  give  a  coating  to  both  sides  of  the  various  pial 

septa,      The   neuroglia   also   is  disposed  around  the 

various  nerve-fibres,  so  that  each  of  these  may  be  said 

to  lie  in  a  canal  or  tunnel  of  this  substance.     The 

nerve-fibres   are  all   medullated,   but   they   are   not 

provided  with  primitive  sheaths.     It  is  the  medullary 

aubatance   of  the   nerve-fibres  which   gives    to    the 

white  matter    its   opaque,   railky-white   appearance. 

When  a  thin  transverse  section  of  the  cord  is  stained 

in  carmine  and  examined  under  the  microscope  the 

white  matter  presents  the  appearance  of  a  series  of 

closely-applied  circles,  each  with  a  dot  in  the  centre. 

The  dot  is  the  transversely  divided  axis-cylinder  of 

a  nerve-fibre,  and  the  dark   ring   which   forms   the 

circumference  of  the  circle  represents  the  wall  of  the 

neuroglial    canal   which    is   occupied    by   the    fibre. 

The   medullary   substance   is   very   faintly  seen.     It 

presents  a  filmy  or  cloudy  appearance  between  the  Fio.  374.— Tbansvebbb  section 
axis-cylinder  and  the  neuroRlial  ring.  thbouoh  the  Whitk  HAmn  or 

Arrangement  of  the  Nerve-fitoes  of  the  White  "^o"p^:  "  '^"  "'  ""' 
Hatter  in  Strands  or   Tracts. — When  the  white 

matter  of  a  healthy  adult  c«rd  is  examined  the  fibres  which  compose  it  are 
seen  to  vary  considerably  in  point  of  size ;  and  although  there  are  special  places 
where  large  fibres — or  it  may  be  small  fibres — are  present  in  greater  numbers 
than  elsewhere,  yet  as  a  rule  both  great  and  small  fibres  are  mixed  up 
together.  Absolutely  no  evidence  can  be  obtained  in  such  a  cord,  by  any  means 
at  our  disposal,  of  the  fact  that  the  longitudinally  arranged  fibres  are  grouped 
together  in  more  or  less  definite  tracts  or  strands,  the  fibres  of  which  run  a  definite 
course  and  present  definite  connexions.  Yet  we  know  this  to  be  the  case,  and  the 
existence  of  these  separate  tracta  has  been  proved  both  by  physiological  and  by 
enibryological  investigation. 
34 
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The  phsTBiologlcal  OYidence  depends  on  the  fact  that  when  a  nerve-fihre  is  seyered  the  part 
which  is  detached  from  the  nerve-cell  from  which  it  is  an  offshoot  degenerates,  whilst  the  part 
which  remains  connected  with  the  nerve-cell  undergoes  little  or  no  change.  This  is  called  the 
law  of  "  Wallerian  "  degeneration.  Thus,  if  in  a  living  animal  one-half  of  the  cord  be  cut  acroas, 
and  after  a  few  weeks  the  animal  be  killed  and  the  cord  examined,  it  will  be  seen  that  there 
are  degenerated  tracts  of  fibres  in  the  white  matter,  both  above  and  below  the  plane  of  division ; 
but,  still  further,  it  will  also  be  manifest  that  the  tracts  which  are  degeneratea  above  the  plane 
of  division  are  not  the  same  as  those  which  are  degenerated  in  the  part  of  the  cord  which  lies 
below  this  level.  The  interpretation  of  this  is  obviou&  The  nerve-tracts  which  have  de^nerated 
above  the  plane  of  section  are  the  offshoots  of  nerve -cells  which  lie  in  lower  segments  oi  the  cord 
or  in  spinal  fi^anglia  below  the  plane  of  section.  Severed  from  these  nerve-cells,  they  undergo 
what  IS  called  ascending  degeneration.  The  nerve-tracts,  on  the  other  hand,  which  have 
degenerated  in  the  portion  of  the  cord  below  the  plane  of  division  are  the  axons  of  cells  which 
lie  at  a  higher  level  than  the  plane  of  section,  either  in  higher  segments  of  the  cord  or  in  the 
brain  itself.  Cut  off  from  the  nerve-cells  from  which  they  proceed,  they  present  an  example  of 
descending  degeneration. 

The  embryological  evidence  we  owe  to  Flechsig,  and  it  is  no  less  satisfactory.  It  depends 
upon  the  feict  that  nerve-fibres  in  the  earliest  stages  of  their  development  consist  of  naked  axis- 
cylinders,  and  are  not  provided  with  medullary  sheaths.  Further,  the  nerve- fibres  of  dift'erent 
strands  assume  the  meaullary  sheaths  at  different  periods.  By  examining  the  foetal  cord  at 
different  stages  of  its  development,  it  is  a  comparatively  easy  matter  to  locate  the  different  tracts 
of  fibres  by  evidence  of  this  &ind  Speaking  broadly,  tnc  tracts  which  myelinate  first  are  those 
which  bring  the  cord  into  relation  with  the  peripheral  parts  (skin,  muscles,  etc.) ;  then  those 
fibres  which  bind  the  various  segments  of  the  cord  together ;  next,  those  which  connect  the  cord 
with  the  cerebellum ;  and,  lastly,  the  tracts  which  connect  the  cord  with  the  cerebrum.  The 
nervous  apparatus  for  the  performance  of  automatic  movements  is  fully  provided,  therefore,  Ijeforc 
this  is  put  under  the  control  and  direction  of  the  higher  centres.  It  by  no  means  follows  that  in 
all  the  nicfher  animals  corresponding  strands  myelinate  at  relatively  corresponding  periods.  Take 
the  case  of  a  young  animal  which  from  the  time  of  its  birth  is  able  to  move  about  and  perform 
voluntary  movements  of  various  kinds  in  a  more  or  less  perfect  manner,  and  compare  it  with  the 
helpless  new-born  human  infant  which  is  only  capable  of  exhibiting  automatic  movements.  In 
the  former  the  pyramidal  tracts,  or  motor  tracts,  which  descend  from  the  cerebrum  into  the  cord, 
and  which  are  tne  paths  along  which  the  mandates  of  the  will  travel,  myelinate  at  an  early  period ; 
whilst  in  the  human  infant  the  corresponding  fibres  do  not  obtain  their  medullary  sheathiB  until 
after  birth.  The  study  of  the  dates,  therefore,  at  which  the  various  strands  of  nerve- fibre.^ 
myelinate  not  only  gives  the  anatomist  a  means  of  locating  their  position  in  the  white  matter  of 
the  cord,  but  it  also  affords  the  physiologist  most  important  information  regarding  their  functions, 
and  also  the  periods  at  which  these  fiinctions  are  called  into  play. 

It  is  a  matter  of  interest  to  note  that  influences  which  either  accelerate  or  retard  the  periods 
at  which  nerve  fibres  are  brought  into  functional  activity  have  also  an  effect  in  determining  the 
dates  at  which  these  fibres  assume  their  sheaths  of  myelin.  Thus,  when  a  child  is  prematurely 
bom  the  whole  process  of  myelinisation  is,  as  it  were,  hurried  up  ;  and  further,  when  in  new 
bom  animals  light  is  freely  aamitted  to  one  eye  whilst  it  is  carefully  excluded  from  the  other, 
the  fibres  of  the  optic  nerve  of  the  former  myelinate  more  rapidly  than  those  of  the  opposite  nerve. 

Posterior  Column  of  the  Cord  and  the  Posterior  Boots  of  the  Spinal 
Nerves. — In  the  cervical  and  upper  dorsal  regions  of  the  cord  the  posterior  column 
is  divided  by  the  posterior  paramedian  septum  into  the  tract  of  Bnrdach,  which 
lies  externally  and  next  the  posterior  horn  of  gray  matter,  and  the  tract  of  QoU, 
which  lies  internally  and  next  the  postero-median  septum*  The  tract  of  Burdach 
is  composed  of  nerve-libres,  which  are  for  the  most  part  larger  than  those  entering 
into  the  formation  of  Goll's  tract,  and  both  tracts  have  a  most  intimate  relation 
to  the  posterior  nerve-roots ;  indeed,  they  are  both  almost  entirely  composed  of 
fibres  which  enter  the  cord  by  these  roots  and  then  pursue  a  longitudinal  course. 

The  nerve-fibres  which  form  the  posterior  nerve-roots,  on  entering  the  cord  along  the 
postero-lateral  groove,  divide  within  the  tract  of  Burdach  into  ascending  and  descending 
branches.  These  branches  diverge  abruptly  from  each  other ;  and  the  former  take  an 
upward  course,  whilst  the  latter  proceed  downwards.  The  descending  fibres  are  as  a  rule 
short,  and  soon  end  in  the  gray  matter  of  the  cord.  These  descending  fibres  occupy  an 
area  in  the  posterior  column  near  to  the  place  of  entrance  of  tiie  nerve-root.  This  area, 
when  the  spinal  cord  is  divided,  undergoes  descending  degeneration  and  then  presents  a 
comma-shaped  outline.  The  fibres  in  question  are  included  imder  the  name  of  the  comma 
tract  of  Scholtze. 

The  ascending  fibres  vary  greatly  in  length,  and  at  varying  distances  from  the  {X)int 
where  the  parent  fibres  enter  the  cord  they  end  in  the  gray  matter.  A  small  contribution 
of  ascending  fibres,  however,  from  each  posterior  nerve-root,  extends  upwards  to  the  upper 
end  of  the  cord,  to  end  in  the  medulla  oblongata. 

As  each  posterior  nerve-root  enters,  its  fibres  range  themselves  in  the  outer  part  of 
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the  tract  of  Burdach  close  up  against  the  posterior  horn  of  gray  matter.     The  nerve- 


FlO.  375.  — DlAQBlK    TO    SHOW   THI    AllRANaRMENT    OT   THS    FIBRES   Of    TUB    PotTSBIOR    NbHVB-RDOTB   1» 

TBI  PosTRBioR  CoLUHNa  OF  TUB  CciHD.  The  OTal  Geld  of  Flechaig  is  pnuwDt  in  the  Inmbir  region 
uid  is  composed  of  Hbrea  whicli  degeDenU  in  h  doWDward  direction,  ind  which  ire  not  derived  from 
the  poBlerior  nerve-rooti.      In  all  probmhility  they  »re  oommiwural  fibre«  [from  Edinger,  modlfieil). 

Rbrea  of  the  nerve-root  next  above  take  the  Bame  position,  and  consequently  thoee  which 
entered  from  the  nerve  immediately  below  are  displaced 
inwards,  and  come  to  lie  in  the  tract  of  Burda«h  nearer 
to  the  mesial  plaue.  This  process  goes  on  as  each 
nerve-root  enters,  and  the  result  is  that  the  fibres  of 
the  lower  nerves  are  gradually  pushed  nearer  and  nearer 
to  the  postero-median  septum  in  a  successive  series  of 
lamellar  tracts.  Of  course  the  greater  proportion  of 
the  fibres,  which  are  thus  carried  upwards  from  the 
pniterior  nerve-roots,  sooner  or  later  leave  the  posterior 
column  and  enter  the  gray  matter,  to  end  there  in  relatiou 
to  some  of  its  cells ;  but,  as  we  have  said,  every  posterior 
nerve-root  sends  a  few  fibres  up  the  whole  length  of  that 
portion  of  the  cord  which  lies  above,  and  thus  the  posterior 
column  gradually  increases  in  bulk  as  it  is  traced  upwards, 
and  in  the  upper  reaches  of  the  cord  a  tract  of  Goll 
becomes  evident.  This  tract  of  Goll  is  composed  of  the 
long  ascending  fibres  of  the  posterior  nerve-roots,  which 
have  entered  the  lower  segments  of  the  cord.  To  put 
the  matter  differently,  the  fibres  of  the  sacral  roots 
are  displaced  inwards  by  the  ent«ring  lumbar  fibres, 
"hile  the  fibres  of  the  lumbar  roots  are  in  their  turn 
pushed  inwards  b^  the  entering  dorsal  fibres,  and,  lastly, 
tlie  fibres  of  the  cervical  roots  displace  the  dorsal  fibres. 
The  difference  between  the  tract  of  Goll  and  the  tract  of 
Burdach  simply  consists  in  this,  that  the  former  is  com- 
posed of  the  fibres  of  posterior  nerve-roots  which  have  | 
entered  the  cord  at  a.  lower  level  than  those  which  enter 
into  the  formation  of  the  column  of  Burdach.  The 
fibres  of  Gull's  tract,  taking  them  as  a  whole,  must  there- 
fore necessarily  run  a  very  much  longer  course. 

Our  knowledge  of  the  constitution  of  the  posterior 
wihimns  of  the  cord  is  largely  derived  from  studying 
the  course  of  degeneration  in  monkeys,  in  which  the  cord 
has  been  cut  across — either  partially  or  completely.     It 

would  appear,  from  the  examination  of  the  human  cord  ^'°-  876. — Diaoham  to  show  the 
.hich  h«,  been  ipjund  or  c<.,i,pre,.=d,  that  Ih.  l.mi»Uon  ^"^i.'lo'T.^liS"."™ 
of  the  fibres  entenng  from  the  senesoi  postenor  nerve-roots  ^^q  ascend  ih  tqs  Postbriob 
is  not  nearly  so  complete  as  in  the  case  of  the  monkey.  column oFTBBCk>Hn(rnimEdinger:. 
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Numerous  collateral  fibrils  stream  into  the  gray  matter  of  the  posterior  horn  both 
from  the  asceuding  and  descending  branches  of  the  entering  fibres  of  the  posterior  nerve- 
roots.  These  are  classified  into  long  and  short  collaterals.  The  long  ccUateralB  extend 
forward  into  the  anterior  horn  of  gray  matter  and  end  in  relation  to  the  ventral  nerve- 
cells.  The  short  collaterals  end  in  relation  to  the  nerve-cells  in  the  substantia  Rolandi, 
and  other  nerve-cells  of  the  posterior  horn  of  gray  matter. 

The  majority  of  the  fibres  of  the  posterior  nerve-root  enter  the  cord  on  the  inner  side 
of  the  apex  of  the  posterior  horn  of  gray  matter.  The  manner  in  which  these  are  related 
to  the  columns  of  Burdach  and  Goll  has  been  noticed ;  but  a  certain  number  of  those  fibres 
which  lie  most  externally  take  a  curved  course  forwards  on  the  inner  side  of  the  posterior 
horn  of  gray  matter  and  then  pass  into  it.  In  the  dorsal  region  these  curved  fibres  end  in 
connexion  with  the  cells  of  Clarke's  column  (Fig.  369,  p.  458). 

Tract  of  LiBBaaer. — This  is  a  small  tract  of  nerve-fibres  of  minute  calibre  which 
assume  their  medullary  sheaths  at  a  comparatively  late  period.  It  is  placed  at  the 
surface  of  the  cord  close  to  the  pbstero-lateral  furrow.  It  is  formed  by  some  of  the 
outer  fibres  of  the  posterior  nerve-roots,  which  do  not  enter  the  tract  of  Burdach,  and 
which  pass  upwards  in  the  cord  close  to  the  substantia  gelatinosa  Rolandi,  in  which  they 
ultimately  end. 

It  must  now  be  evident  that  the  fibres  which  enter  the  cord  tbrouffh  each  posterior  nerve-root 
have  three  main  modes  of  distribution  :  (1)  the  majority  tak^e  part  in  tne  formation  of  the  columnH 
of  Burdach  and  Goll ;  (2)  a  few  lie  close  to  the  posterior  horn  of  gray  matter  and  describe  a  series 
of  graceful  curves  as  they  pass  forwards  prior  to  turning  outwards  into  the  gray  matter,  to  end,  in 
the  dorsal  region,  in  Clarke's  vesicular  column ;  (3)  a  third  series  form  Lissauer's  tract  and  end  in 
connexion  with  the  cells  of  the  substantia  gelatinosa  Rolandi  and  other  cells  in  the  posterior  and 
anterior  horns  of  grav  matter. 

The  fibres  derived  from  the  posterior  nerve-roots  which  ascend  in  the  posterior  columns  of  the 
cord  to  the  medulla  oblongata  of  the  brain  constitute  a  direct  sensory  tract ;  other  fibres  are 
described  which  give  rise  to  a  crossed  sensory  tract  termed  the  Bpino-tlialainic  tract.  These 
latter  fibres  arise  as  the  axons  of  certain  of  the  cells  in  the  posterior  horn  in  connexion  with 
which  fibres  from  the  posterior  nerve-roots  have  ended,  ana  crossing  to  the  opposite  side  of 
the  cord  through  the  anterior  commissure  they  ascend  in  the  anterolateral  column  to  the  brain, 
where  they  ultimately  reach  the  optic  thalamus.  As  the  spino-thalamic  tract  ascends  in  the 
cord  its  fibres  are  not  gathered  into  a  compact  etrand,  but  are  more  or  less  loosely  scattei^ 
in  the  lateral  column. 

Association  Fibres  in  the  Posterior  Column. — But  the  whole  of  the  fibres  of  the 
posterior  column  are  not  derived  from  the  posterior  nerve-roots.  A  few  fibres  exist  in 
this  column  which  have  a  different  origin.  They  are  derived  from  certain  of  the  cells  of 
the  gray  matter  of  the  cord,  and  entering  the  posterior  column  divide  into  ascending  and 
descending  branches  which  pass  upwards  and  downwards  in  the  column  for  a  varying 
distance  before  they  finally  turn  in  to  end  in  the  gray  matter  at  a  higher  and  a  lower  level. 
These  fibres,  therefore,  constitute  links  of  connexion  between  different  cord  segments,  and 
thus  they  are  termed  association  or  longitudinal  commissural  fibres.  Our  information 
regarding  these  fibres  at  present  is  somewhat  defective ;  but  it  is  believed  that  the  dee)>cst 
part  of  the  column,  i.e.  the  part  next  the  posterior  gray  commissure  and  termed  the 
ventral  field,  and  also  the  descending  septo-marginal  tract  of  Bruce,  placed  in  apposition 
with  the  postero-median  septum  and  in  the  adjoining  part  of  the  surface,  belong  mainly  to 
this  category. 

Lateral  Column  of  the  Cord. — In  the  lateral  column  of  the  cord  the  well- 
established  tracts  are : — 

1.  The  direct  cerebellar  tract. 

2.  The  tract  of  Gowers. 

3.  The  crossed  pyramidal  tract. 

The  remainder  of  the  column  goes  under  the  name  of  the  lateral  basis-bimdle. 

The  direct  cerebellar  tract  (fasciculus  cerebello-spinalis)  is  a  band-like  strand 
which  lies  in  relation  to  the  surface  of  the  cord  immediately  in  front  of  the  postero- 
lateral groove.  It  is  an  ascending  tract,  and  is  composed  for  the  most  part  of 
coarse,  large  nerve-fibres,  which  are  derived  from  the  nerve-cells  of  the  po8teri<»r 
vesicular  column  (Clarke's  column)  in  the  posterior  horn  of  gray  matter.  It  is. 
therefore,  not  found  throughout  the  whole  length  of  the  cord.  It  first  appears  in 
the  lower  part  of  the  dorsal  region ;  and  as  it  ascends  it  gradually  increases  in  size 
as  it  is  joined  by  the  axons  of  the  cells  of  Clarke's  column,  which  lie  at  higher 
levels.  It  finally  enters  the  medulla  ol)longata,  and  through  this  proceeds  to  the 
cerebellum,  in  which  it  ends. 
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It  mufit  not  be  forgotten  that  each  pceterior  nerve-root  in  the  dorsal  i«gion  of  the  coid  gives 
a  cuntribution  of  fibres  to  the  posterior  vesicular  column  of  cells  from  which  the  fibres  of  tliecfirect 
cerebellar  tract  arise  (see  p.  468).  in  this  way  a  connexion  is  established  between  the  posterior 
iTKit8of  thedoraal  nerves  and  the  cortex  of  the  cerebellum.  It  in  believed  that  the  direct  cerebellar 
tract  k  au  important  factor  in  bringing  about  a  proper  co-ordination  of  muscular  movements. 

Qowers's  tract  (fasciculus  antero-lateralis  Buperficialis)  lies  in  froDt  of  the  direct 
cerebellar  tract,  and,  like  it,  next  the  surface  of  the  lateral  column.     It  is  also  an 
ascending  tract,  and  it  likewise  (in  part  at  least)  ultimately  reaches  the  cerebellum, 
altliough  after  leaving  the  cord  it  takes  a  ditferent  route  to  gain  its  destination. 
Id  transverse   sections  of  the  cord  it  presents  a  cotnma-shaped  appearance,  the 
thick   part  abutting 
against  the  direct  cere- 
liellar    tract,    and    the 
narrower  portion  taper- 
ing forwards   into    the 
region  of  the  emerging 
anterior  nerve-roots. 
The    tract    of    Gowers 
begins  at  a  lower  level 
in   the   cord    than   the 
direct    cerebellar    tract 
and  it  increases  in  vol- 
ume as  it  is  traced  up- 
wards.     The  fibres  of 
this  tract  have  probably 
their  origin  in  the  cells 
of  the  posterior  horn  of 
gray  matter,  but  on  this 
}.oiiit  there  is  at  present 
no  precise  information. 

The  crossed  pyramidal     Fiq.  377.— DiAaiuuuATio  RsFBisBNTAnoN  of  a  Trambvbrsb  Kectioh 
tract  (fasciculus  cerebio-  THHouoa  tbb  spibai,  com 

spinalis    lateralis)    is    a  Thenerva  tracts  in  the  whita  nutter  md  the  c1uh1«ts  of  uerve-calli 

laige    weU-defined     de-  ta  the  gr.y  ».«ter  are  shown, 

scending  tract,  which  lies  immediately  in  front  of  the  posterior  horn  of  gray 
matter  and  subjacent  to  the  direct  cerebellar  tract,  which  shuts  it  out  from 
tlie  surface  of  the  ccrd.  Below  the  point  where  the  direct  cerebellar  tract  begins 
the  crossed  pyramidal  tract  becomes  superficial,  and  in  this  position  it  can  be 
traced  as  low  as  the  fourth  sacral  nerve,  at  which  level  it  ceases  to  exist  as  a 
Jiatinct  strand.  The  crossed  pyramidal  tract  is  composed  of  an  admixture  of  both 
large  and  small  fibres.  These  arise  in  the  brain  from  the  large  pyramidal  cells 
of  the  motor  or  Eolandic  area  of  the  cerebral  cortex,  and  pass  downwards  through 
various  subdivisions  of  the  brain  to  gain  the  spinal  cord.  As  they  enter  the  coi-d 
they  cross  the  mesial  plane  from  one  side  to  the  other,  and  it  thus  happens  tliat 
the  crossed  pyramidal  tract  in  the  right  lateral  column  of  the  cord  has  its  origin 
iu  the  cortex  of  the  left  cerebral  hemisphere,  and  vice  versa.  As  the  tract  descends 
in  the  cord  it  gradually  diminishes  in  size ;  and  this  is  due  to  the  fact  that,  as  it 
traverses  each  spinal  segment,  numerous  fibres  leave  it  to  enter  the  anterior  born 
of  gray  matter,  and  end  in  connexion  with  the  ventral  motor  cells  from  which  the 
tibres  of  the  anterior  nerve-roots  arise.  The  entire  strand  is  ultimately  exhausted 
in  this  way.  Numerous  collateral  fibrils  spring  from  the  pyramidal  fibres,  and, 
entering  the  gray  matter,  end  in  a  similar  manner,  and  in  this  way  a  single  pyra- 
midal fibre  may  be  connected  with  several  spinal  segments  before  it  finally  ends. 
The  crossed  pyramidal  tract  must  be  regarded  as  a  great  motor  strand  which 
brings  the  spinal  motor  apparatus  under  the  control  of  the  will 

Schiifer  believes  that  many  of  the  pyramidal  fibres  end  in  connexion  with  the  cells 
of  Clarke's  column. 

In  the  rat,  mouse,  guinea-pig,  squirrel,  sheep,  kangaroo,  etc.,  the  pyramidal  tract  lies 
in  the  posterior  column  of  the  cord. 
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The  lateral  basis-bondle  (fasoiculus  lateralis  proprius)  represents  the  remainder 
of  the  lateral  column.  Our  information  regarding  it  is  still  imperfect;  but  it 
would  appear  that  its  fibres  are  largely  derived  from  the  cells  situated  in  all  parts 
of  the  gray  matter,  and  also  from  the  nerve-cells  of  the  opposite  side  of  the  cord. 
After  a  course  of  very  varying  length  in  the  basis-bundle,  these  fibres  turn  inwards 
and  re-enter  the  gray  matter.  Such  fibres  may  thus  be  regarded  as  inter-segmental 
association  fibres  binding  two  or  more  segments  of  the  cord  together.  It  may  be 
mentioned  that  the  association  fibres  which  link  together  segments  of  the  cord 
which  are  near  to  each  other  lie  close  to  the  gray  matter,  whilst  those  which 
connect  the  more  distant  segments  are  situated  further  out  in  the  lateral 
basis-bundle. 

Anterior  Column  of  the  Cord. — One  well-defined  tract  is  situated  in  the 
anterior  column.  This  is  termed  the  direct  pyramidal  tract.  The  remainder  of 
the  column  receives  the  name  of  the  anterior  basis-bundle. 

The  direct  pyramidal  tract  (fasciculus  cerebro-spinalis  anterior)  is  usually  a 
nerve-strand  of  small  size  which  lies  next  the  antero-median  fissure.  As  a  rule, 
it  cannot  be  traced  lower  than  the  middle  of  the  dorsal  region  of  the  cord.  It  is 
a  descending  tract  and  must  be  associated  with  the  crossed  pyramidal  tract  of  the 
opposite  side,  seeing  that  both  of  these  strands  arise  from  the  motor  area  of  the 
cortex  of  the  same  cerebral  hemisphere.  From  this,  it  must  be  clear  that  the 
direct  pyramidal  tract  does  not  cross  the  mesial  plane  as  it  enters  the  cord,  but 
descends  on  the  side  of  the  cord  corresponding  to  the  cerebral  hemisphere  in 
which  it  arisea  All  the  same  its  fibres  do  not  end  in  the  same  side  of  the 
cord,  but  at  every  step  along  the  path  of  the  strand  they  make  use  of  the  anterior 
commissure  and  cross  to  the  opposite  side  of  the  cord,  to  terminate  in  relation 
to  the  opposite  ventral  motor  cells  in  the  same  msuiner  as  the  crossed  pyramidal 
fibres. 

From  this  croesing  oi  the  pyramidal  tracts,  it  results  that  the  destruction  of  the  fibres  which 
compose  them  as  they  descend  in  one  side  of  the  brain  must  result  in  paralysis  of  the  muscles 
supplied  by  the  efferent  nerves  of  the  opposite  side  of  the  cord. 

in  cases  of  old  brain  lesion  it  is  sometimes  possible  to  detect  some  degenerated  fibres  in  the 
crossed  pyramidal  tract  of  the  sound  side  of  the  spinal  cord,  and  from  this  it  is  supposed  that  this 
tract  contains  a  few  uncrossed  fibrea  If  this  be  the  case,  each  side  of  the  cord  stands  *  in 
connexion  with  the  motor  area  of  both  cerebral  hemispheres 

It  is  well  to  note  that  the  fibres  of  both  pyramidal  tracts  are  not  medullated  until  the  time  of 
birth.     They  are  the  latest  of  all  the  cord -tracts  to  myelinate. 

The  anterior  basis-bundle  (fasciculus  anterior  proprius),  like  the  lateral  basis- 
bundle,  is  composed  largely  of  fibres  which  arise  from  the  cells  of  the  gray  matter 
of  the  cord,  and  act  the  part  of  intersegmental  association  fibres. 

Summary  of  the  Constitution  of  the  White  Matter  of  the  Cord. — The 
white  columns  of  the  cord  are  formed  of  two  kinds  of  nerve-fibres  : — 

1.  Those  which  enter  the  cord  from  without. 

2.  Those  which  take  their  origin  from  the  cells  within  the  gray  matter  of  the 
cord  itself. 

Under  the  first  category  we  include  (a)  the  greater  part  of  the  fibres  of  the 
posterior  column  (columns  of  Burdach  and  Goll),  which  arise  from  the  cells  of  the 
spinal  ganglia,  and  which  enter  the  cord  as  the  posterior  nerve-roots ;  and  (b)  the 
crossed  and  direct  pyramidal  tracts  which  come  from  the  motor  cells  of  the  cerebral 
cortex. 

The  fibres  which  arise  within  the  gray  matter  of  the  cord  may  be  classified 
thus:  (a)  Fibres  which  pass  out  from  the  cord  as  efferent  nerves  (anterior  nerve- 
roots)  ;  (b)  fibres  which  form  long  tracts  and  pass  up  the  cord  to  enter  the  brain 
(direct  cerebellar  tract  and  the  tract  of  Gowers) ;  (c)  fibres  which  form  short  tracts, 
linking  together  different  segments  of  the  cord  (intersegmental  association  fibres  in 
each  of  the  three  columns  of  the  cord). 

Anterior  White  Oonmiissnre. — The  anterior  commissure  is  composed  of 
medullated  nerve-fibres  passing  from  one  side  of  the  cord  to  the  other  and  entering 
the  anterior  horn  of  gray  matter,  and  also  the  anterior  column  of  white  matter.  It 
is  to  be  regarded  more  as  a  decussation  than  as  a  conmiissure,  and  its  width,  wliich 
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variea  somewhat  in  different  tegionB,  fluctuates  in  correspondence  with  the  diameter 
of  the  cord. 

Amongst  the  fibres  which  croea  in  the  anterior  commiflsure  may  be  mentioned ;  (1)  The  fibres 
of  the  direct  pyramidal  tract  j  (2)  collaterals  from  both  the  ventral  and  lateral  columna ;  (3)  axons 
of  many  of  the  cells  of  the  gray  matter ;  (4)  the  dendritic  procesaes  of  some  of  the  mesial  ventral 
wlk 

Posterior  Ora;  GommissiU'e. — Although  this  is  composed  of  gray  matter  with 
a  Ifti^  admixture  of  neuroglia,  numerous  transverse  nerve-fibres  pass  through  it,  so 
as  to  bind  the  cells  of  one  side  of  the  cord  to  those  of  the  other. 

Development  of  the  Spinal  Cord. 

In  the  chapter  upon  General  Embryology  it  has  been  pointed  out  (p.  21)  that  the 
brain  and  cord  first  take  shape  in  the  form  of  a  tube  of  ectoderm,  which  receives  the  name 
of  the  nenral  tube-  Three  expansions,  placed  one  behind  the  other  at  the  cephalic  end  of 
the  tube,  represent  the  early  brain  ;  whilst  behind  these  primitive  cerebral  vesicles  comes 
the  elongated  narrower  part  of  the  tube,  which  at  this  stage  represents  the  spinal  cord. 
By  a  developmental  process,  which  we  now  have  to  study,  the  walls  of  this  portion  of  the 
neural  canal  give  rise  to  the  various  elements  which  build  up  the  substance  of  the  cord, 
whilst  a  portion,  if  not  the  whole,  of  the  primitive  cavity  is  preserved  as  the  central  canal 
of  the  cord.  The  account  which  is  here  given  of  the  development  of  the  cord  is  taken 
almost  entirely  from  the  writings  of  Professor  His. 

When  first  formed,  the  neural  tube  is  compressed  from  side  to  side  and  presents  an  oval 
outline  in  tranHverse  section  (Fig.  16,  p.  21).  The  two  lateral  walls  are  very  thick,  whilst 
the  narrow  dorsal  and  ventral  portions  of  the  wall  are  thin,  and  are  termed  the  mid-dorsal 
and  mid-Tentral  1  »■»"<"'''  (Fig.  378).  The  cavity  of  the  tube  in  transverse  section  appears  as 
a  narrow  slit.  At  this  stage  the  wall  of  the  neural  tube  is  formed  of  a  series  of  elongated 
n euro-epithelial  columnar  cells,  closely  applied  to  each  other  and  extending  throughout  the 
whole  thickness  of    the  wall.      The  mio-dobwl  l*mw* 

inner   ends  of  these  long  columnar 
cells  unite  to  form  a  delicate  mem- 
brane termed  the  Internal  limiting 
membr&ne,  which  lines  the  lumen  of 
tiie  tube,    whilst    their  out«r  ends 
present  a  similar  relation  to  an  ex- 
tflnul    limiting   membrane,   which 
invests  the  outer  surface  of  tbe  tube. 
The  name  of  spongioblasts  is  given 
tc  these  cells,  and  they  soon  develop 
in  such  a  manner  as   to  form  the 
auatentacutar      framework     of     the    d 
growing  cord.     Between  their  inner    * 
parts,  immediately  subjacent  to  the    : 
internal  limiting  membrane,  a  aeries    ]; 
of  ulefts  or  open  spaces  are  formed,     ' 
in  which   appear  large   numbers   of 
round  cells   called    germinal  cells. 
Tlie  precise  origin  of  these  germinal 
cells  is  not  at  present  satisfactorily 
established ;    but    they   rapidly   in- 
crease in  number,  and  in  the  human 
embryo  of  four  weeks  they  are  seen 
to  form  an  almost  continuous  layer 

beneath  the  internal  limiting  mem-  tmlumha 

brane.      It  is  well  to  note,  however.  _ 

.iT-  .  '°  ""'."'  """'  ""  "  y  •  Fio_  378,— ScBEk*  OP  A  Transvebse  Section  tbhoeoh  thk 
that  m  the  thm  nnd-dorsal  and  mid-  ^^^^  Nbobal  Tube  (Young). 

ventral  laminie  no  germinal  cells  are  ^^  ^^^  ^.^^  ^^  ^^^  ^^^^^  ^^^^^  ^  ^^.^^  ^^,  ,,,^„ 

formed.       Here    the    wall    remains  tj,e  ngut  aide, 

purely    apron gioblastic.       The    peri- 

jiheral  portions  of  the  spongioblasts  likewise  undergo  a  marked  transformation.  They 
give  off  branches  or  processes,  and  by  the  interlacement  of  these  ft  sponge-like  network 
with  irregular  mesbea  is  formed  in  the  outer  portion  of  the  wall  of  the  neural  tube.     The 
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entire  Bustentaoular  framework  into  which  the  spongioblasts  are  developed  is  termed 
the  myeloBponse. 

The  DumerouB  germinal  cells  which  are  placed  in  the  clefta  between  the  inner 
columnar  portion  of  the  myeloapoiige  are  the  progenitors  of  the  nerve-celU,  Many  of 
them  show  karjokioetic  stages,  and  by  their  diviaion  they  give  rise  to  the  nenrobluts  or 
young  nerve-cells.  A  neuroblast  presents  a  very  characteristic  pear-shaped  appearance. 
From  the  body  of  the  cell  a  tapering  process  grows  out,  and  this  represents  the  early  aiiit- 
cylinder  process  or  axon  of  the  cell.  But  the  crowds  of  neuroblasts  which  are  thus  formed 
do  not  remain  in  their  early  primitive  position  beneath  the  internal  limiting  membrane. 
They  migrate  outwards,  and  in  the  conrae  of  time  they  come  to  lie  in  the  part  of  the 
myelospouge  immediately  adjoining  the  reticular  meshwork,  which  is  formed  by  the  outer 
parts  of  the  spongioblasts.  Here  their  further  outward  migration  is  arrested.  The 
reticular  meshwork  would  almost  appear  to  act  as  a  sieve  or  a  filter,  which  prevents  their 
progress  towards  the  periphery  of  the  wall  of  the  tube.  It  offers  no  impediment  to  the 
actively  growing  aions  of  the  neuroblasts,  however,  which  freely  enter  it  and  thread  their 
way  through  it  At  this  stage  the  thick  lateral  wall  of  the  neural  tube  presents  three 
layers,  viz. : — 

1.  An  inner  layer,  formed  by  the  columnar  part  of  the  myelosponge  forsaken  by  the 
neuroblasts.  This  is  termed  the  ependyniAl  layer,  and  it  ultimately  resolves  itself  into 
the  layer  of  columnar  ciliated  epithelial  cells  which  lines  the  central  canal  of  the  cord. 

2.  An  inl«rmediate  layer,  in  which  the  neuroblasts  are  present,  and  which  is  afterwards 
converted  into  the  gray  matter  of  the  cord.     This  is  called  the  mantle  layer. 

3.  An  outer  layer,  formed  of  the  sponge-like  meshwork  of  the  outer  parts  of  the 
original  spongioblasts.  Into  this  the  axons  of  many  of  the  neuroblasts  are  seen  threading 
their  way.  This  layer  is  ultimately  transformed  into  the  white  matter  of  the  cord,  and 
at  this  stage  it  may  be  termed  the  peripliaral  nticuUr  layer. 

Alar  and  Basal  Laminx  of  the  Lateral  Wall  of  the  Neural  Tube. — From 

what  has  been  said,  it  must  be  evident  that  the  changes  detailed  above  are  confined  to 
the  thick  lateral  walls  of  the  neural  tvibe.  In  these  alone  do  ocuroblaatic  cells  arise, 
whilst  the  thin  mid-dorsal  and  mid-ventral  laminse  remain  spongioblastic  throughout 
But  whilst  these  changes  are  going  on,  the  thick  lateral  wall  begins  to  bulge  outwards  in 
an  angular  fashion,  so  as  to  widen  the  centra!  cavity  of  the  tube  and  become  itself,  along 
the  line  where  the  cavity  is  widest,  demarcated  into  two  portions — -a  narrow  dorsal  strip 
termed  the  alar  lnTYitna.,  and  a  broader  ventral  strip  called  the  basal  lumlTta      The  cavity 
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Column  or  Burdach. 

MVL.  Mid-veutralUmln*. 
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Anterior  horn  of  gray 
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Basal  lamina. 

PC.       Early  posterior  column. 
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Eiwiulynift. 

PH.       Poatcrior  bora   oC  gr>r 

AL. 

Alar  laiuiiia. 

GC. 

Column  of  Uoll. 

AMF 

LC. 

Lateral  column. 

PMF.    Pnelero-ni*di»u  S-aure. 

Aa 

Anterior  nerve- root. 

MDL 

Mid-'lontal  luiiiua. 

¥R.       Posterior  Dtrve-root. 

of  the  tube  now  appears  on  transverse  section  more  or  less  lozenge- shaped,  and  it  is  at  the 
]at«ral  angles  of  the  lozenge  that  this  subdivision  of  the  lateral  wall  becomes  evident 
This  subdivision  is  a  fundamental  one,  being  present  in  the  bniin-part  as  well  as  the 
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cord-part  of  the  neural  tube.  By  it  the  thick  lateral  wall  is  resolved  into  two  longitudinal 
strips  (the  alar  and  basal  laxninse),  which  extend  along  the  whole  length  of  the  tube,  and 
which  present  definite  and  precise  relations  with  the  entering  and  emerging  roots  of  the 
various  cranial  and  spinal  nerves.  Confining  our  attention  to  the  spinal  cord,  the  posterior 
nerve-root  is  seen  to  enter  the  alar  lamina,  whilst  the  anterior  nerve-root  takes  origin 
within  and  emerges  from  the  basal  lamina. 

Further  Development  of  the  Gray  and  White  Matter  of  the  Cord.— In  the 

ventral  part  of  the  basal  lamina  the  mantle  layer  thickens  into  a  mass,  which  is  readily 
recognised  as  the  rudiment  of  the  anterior  horn  of  gray  matter,  and  in  this  neuroblastic 
cells  congregate  in  much  larger  numbers  than  elsewhere.  Further,  these  neuroblastic 
cells  begin  to  arrange  themselves  into  groups,  and  the  axis-cylinder  processes  of  a  large 
proportion  of  them  converge  and  form  bundles  of  fibres,  which  penetrate  into  the  peri- 
pheral layer,  and  finally  pierce  the  external  limiting  membrane,  to  emerge  as  the  fascicles 
of  the  anterior  nerve-roots.  Behind  the  anterior  horn  the  mantle  layer  still  remains  very 
thin,  and  the  neuroblasts  are  few  in  number.  There  is,  therefore,  at  this  stage  no  appear- 
ance of  the  posterior  horn  of  gray  matter.  Many  of  the  axons  of  the  neuroblasts  which 
occupy  this  region  are  seen  curving  forwards,  and,  after  traversing  the  anterior  horn,  they 
find  their  way  across  the  middle  line  in  the  mid-ventrul  lamina.  In  this  manner  is  laid 
down,  at  a  very  early  stage,  the  rudiment  of  the  anterior  white  commissure  of  the  coixl. 

The  white  matter  of  the  anterior  and  lateral  columns  is  gradually  established  by  axons 
from  various  neuroblasts  in  different  parts  of  the  mantle  layer,  entering  the  peripheral 
reticular  layer  and  taking  a  longitudinal  course  within  it.  The  anterior  horn  is  well 
coated  with  white  matter,  however,  before  the  lateral  column  takes  definite  shape. 

The  posterior  columns  of  white  matter  are  formed  in  a  totally  different  manner,  viz. 
by  the  introduction  into  the  cord  of  nerve-fibres  from  without.  The  fibres  of  the  posterior 
nerve-roots  coming  from  the  spinal  ganglia  strike  the  outer  surface  of  the  alar  lamina  of 
the  lateral  wall  of  the  neural  tube,  and,  piercing  the  external  limiting  membrane,  take  a 
longitudinal  course  in  the  peripheral  reticular  layer.  On  cross  section  these  fibres  first 
appear  as  an  oval  bundle,  which  lies  in  the  outer  part  of  the  alar  lamina  (Fig.  379  Fc). 
This  bundle  is  the  rudiment  of  Burdach's  column,  and  at  first  it  has  a  somewhat  loose 
connexion  with  the  cord  ;  but  as  the  posterior  horn  of  giuy  matter  gradually  takes 
shape,  the  bundle  in  question  increases  in  volume,  and,  changing  its  position,  comes  to  lie 
OD  the  inner  aspect  of  the  posterior  horn.  The  column  of  Goll  gradually  assumes  form 
between  the  tract  of  Burdach  and  the  postero-median  septum.  Later  on  the  lateral  and 
anterior  columns  are  increased  in  bulk  by  the  descent  into  them  of  the  pyramidal  tracts 
from  the  brain. 

The  gray  matter,  in  the  first  instance,  is  chiefly  massed  in  the  basal  lamina ;  but  as 
the  posterior  columns  of  white  matter  begin  to  take  shape  it  extends  backward,  and  in 
the  course  of  time  the  posterior  horns  are  developed. 

The  manner  in  which  the  dendritic  processes  of  the  neuroblasts  are  developed  has 
been  suflSciently  described  (p.  447).  The  ensheathment,  also,  of  the  axons  by  medulla 
has  been  referred  to,  and  the  fact  that  the  different  tracts  of  fibres  receive  their  medullary 
sheaths  at  different  periods  mentioned.  It  is  now  only  necessary  to  state  that  the  order 
of  myelinisation  of  the  several  tracts  is  as  follows  : — (1)  Fibres  of  the  anterior  nerve-roots ; 
(2)  tract  of  Burdach ;  (3)  fibres  in  the  basis-bundles ;  (4)  tract  of  Goll ;  (5)  direct  cere- 
bellar tract ;  (6)  tract  of  Cowers ;  (7)  pyramidal  tracts  (Kahler). 

Development  of  the  Median  Fissures  and  of  the  Central  Canal.— As  the 

anterior  horns  of  gray  matter  covered  by  the  anterior  columns  of  white  matter  increase  in 
size,  the  anterior  surface  of  the  cord  on  either  side  of  the  mesial  plane  bulges  forwards, 
and  the  antero-median  fissure  is  produced  as  the  natural  result. 

The  manner  in  which  the  postero-median  fissure  comes  into  existence  is  not  fully 
understood,  but  the  majority  of  embryologists  believe  that  it  is  produced  by  the  approxi- 
mation and  fusion  of  the  walls  of  the  posterior  part  of  the  primitive  cavity  of  the  neural 
tube.    The  postero-median  septum  would  thus  appear  to  be  formed  of  spongioblastic  tissue. 

If  the  above  view  of  the  formation  of  the  postero-median  fissure  be  correct,  it  must 
be  evident  that  the  central  canal  of  the  cord  does  not  represent  the  whole  of  the  primitive 
cavity  of  the  early  neural  tube,  but  only  the  anterior  portion  of  it. 

Among  those  observers  who  do  not  hold  that  the  central  canal  and  posterior  fissure  have  this 
mode  of  origin  the  most  prominent  is  Professor  A-  W.  Bobinson,  of  Birmingham ;  and  he  has 
brought  forward  evidence  which  seems  to  indicate  that  it  is  doubtful  if  the  fusion  of  the  walls 
of  the  posterior  part  of  the  canal,  referred  to  above,  takes  place.  Certainly  the  arrangement  of 
the  epcndymal  elements  of  the  postero-median  septum,  as  seen  in  the  preparations  of  Cajal 
and  V.  Lenhossek,  are  extremely  difficult  to  understand  on  the  fusion  theory.     They  run  in  the 
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ftntero-posterior  direction,  whereaa,  if  fusion  hu  taken  place,  moet  of  them  would  present  a 
tranaverse  arrangement,  and  thus  lie  at  right  angles  to  the  postero-mediaa  Beptuiu. 

THE  BEAIN  OE  ENCEPHALON. 

The  brain  is  the  enUi^ed  and  greatly  modified  upper  part  of  the  cerebrospinal 
nervous  axis.  It  is  Burrouoded  by  the  same  membranea  that  envelop  the  spinal 
cord  (viz.  the  dura  mater,  the  arachnoid  mater,  and  the  pia  mater),  and  it  almost 
completely  fills  up  the  cavity  of  the  cranium.  So  closely,  indeed,  is  the  skull 
capsule  moulded  upon  the  brain  thdt  the  impress  of  the  latter  is  almost  everywhere 
evident  upon  the  deep  surface  of  the  cranial  walL  The  relations,  therefore,  of 
cranium  to  brain  are  totally  different  from  those  presented  by  the  vertebral  canal 
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to  the  spinal  cord.  As  we  have  noted,  the  cord  occupies  only  a  part  of  its  bony 
case ;  and  there  is  not  only  a  wide  and  roomy  space  between  the  arachnoid  maU.T 
and  pia  mater,  but  also  an  interval  of  some  width  between  the  dura  mater  and  the 
walls  of  the  vertebral  canaL 

General  Appearance  of  the  Brain. — When  viewed  from  above  the  brain 
presents  an  ovoid  figure,  the  broad  end  of  which  is  directed  backwards.  Its 
greatest  transverse  diameter  is  usually  found  in  the  neighbourhood  of  that  part 
which  lies  between  the  two  parietal  eminences  of  the  cranium.  The  only  jwrts 
which  are  visible  when  the  brain  is  inspected  from  tliia  point  of  view  are  the  two 
convoluted  cersbial  hamispharei.  These  present  an  exttinsive  convex  surface,  whiih 
is  closely  applied  to  the  deep  aspect  of  the  cranial  vault,  and  ure  separated  from 
each  other  by  a  deep  median  cleft,  termed  the  great  lonfitudinal  flsmre,  which 
extends  from  the  front  to  the  back  of  the  brain. 
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The  inferior  aspect  of  the  brain  is  usually  termed  the  "  base."  It  presents  an 
uneven  and  irregular  surface,  which  is  more  or  less  accurately  adapted  to  the 
inequalities  on  the  floor  of  the  cranium.  Upon  this  aspect  of  the  brain  some  of 
its  main  subdivisions  may  be  recognised.  Thus  behind  is  seen  the  short  cylindrical 
portion,  called  the  bulb  or  medulla  obloiigata,  through  which,  at  the  foramen  magnum, 
the  brain  becomes  continuous  with  the  spinal  cord.  The  bulb  lies  on  the  ventral 
aspect  of  the  cerebellum,  and  occupies  the  vallecula  or  hollow  which  intervenes 
between  the  two  cerebeUar  hemispheres.  The  cerebelium  is  a  mass  of  considerable 
size  which  is  placed  below  the  hinder  portions  of  the  two  cerebral  hemisphere&  It 
is  easily  recognised  on  account  of  the  closely-set,  curved,  and  parallel  fissures  which 
traverse  its  surface  and  give  it  a  foliated  appearance.  Above  the  medulla,  and  in 
close  connexion  with  it,  is  a  prominent  white  elevation  called  the  ponB  Varolii  Im- 
mediately in  front  of  the  pons  there  is  a  deep  hollow  or  recess.  This  is  bounded 
behind  by  the  pons  Varolii,  on  either  side  by  the  projecting  temporal  lobe  of  the 
cerebral  hemisphere,  and  in  front  by  the  orbital  portions  of  the  frontal  lobes  of  the 
cerebral  hemispheres.  Passing  out  from  either  side  of  the  fore-part  of  this  recess  is 
the  deep  Sylvian  fissure  which  intervenes  between  the  pointed  and  projecting 
extremity  of  the  temporal  lobe  and  the  frontal  lobe  of  the  cerebrum,  whilst  in  the 
middle  line  in  front  the  great  longitudinal  fissure,  which  separates  the  frontal 
portions  of  the  cerebral  hemispheres,  opens  into  it. 

Within  the  limits  of  this  deep  hollow,  in  the  base  of  the  brain,  two  large  rope- 
like strands,  the  crora  cerebri,  may  be  seen  issuing  from  the  upper  aspect  of  the 
pons  Varolii.  Placed  close  together  as  they  emerge  from  the  pons,  these  crura 
diverge  as  they  proceed  upwards  and  forwards,  and  finally  each  disappears  by 
plunging  into  the  correspondini<  side  of  the  cerebrum.  Turning  round  the  outer 
siile  of  each  crus,  where  it  enters  the  cerebrum,  a  flattened  band  termed  the  optic 
tract  may  be  observed  These  bands  converge  in  the  fore-part  of  the  hollow,  and 
are  finally  joined  together  by  a  short  commissural  portion,  termed  the  optic  chiasma. 
The  optic  nenre  is  continued  forwards  and  outwards,  on  either  side,  from  the  chiasma 
and  tract. 

The  crura  cerebri,  the  optic  tracts,  and  the  optic  chiasma  enclose  a  deep 
rhomboidal  or  lozenge-shaped  interval  on  the  base  of  the  brain,  which  is  termed 
the  interpeduncular  space.  Within  the  limits  of  this  area  the  following  parts  may 
be  seen  as  we  pass  from  behind  forwards :  (1)  the  locus  perforatus  posticus ;  (2)  the 
corpora  mammillaria :  (3)  the  tuber  cinereum  and  the  stalk  of  the  pituitary  body. 

At  its  posterior  angle,  immediately  in  front  of  the  pons  Varolii,  the  inter- 
peduncular space  is  very  deep  and  is  floored  by  a  layer  of  gray  matter,  which  is 
perforated  by  numerous  small  aperture&  This  is  the  locus  perforatus  posticus. 
Through  the  apertures  which  are  dotted  over  its  surface  the  small  postero-mesial 
basal  branches  of  the  posterior  cerebral  artery  enter  the  brain. 

The  corpora  mammillaria  are  two  small  white  pea-like  eminences  placed  side  by 
side  in  front  of  the  locus  perforatus  posticus 

The  tuber  cinereum  is  a  slightly  raised  field  of  gray  matter,  which  occupies  the 
interval  between  the  anterior  portions  of  the  optic  tracts  in  front  of  the  corpora 
mammillaria.  Springing  from  the  fore-part  of  the  tuber  cinereum,  immediately 
behind  the  optic  chiasma,  is  the  inAmdibulum,  or  the  stalk  which  connects  the 
pituitary  body  with  the  base  of  the  brain. 

Outside  the  limits  of  the  fore-part  of  the  interpeduncular  space  there  is  on 
either  side  a  small  depressed  triangular  field  of  gray  matter,  which  leads  outwards 
into  the  Sylvian  fissure.  It  is  perforated  by  the  antero-mesial  and  the  antero- 
lateral groups  of  basal  arteries,  and  receives  the  name  of  the  locus  perforatus 
anticus. 

General  Oonnexions  of  the  Several  Parts  of  the  Brain. — The  medulla 
oblongata,  the  pons  Varolii,  and  the  cerebellum  occupy  the  posterior  cranial  fossa, 
and  they  are  separated  from  the  cerebral  hemispheres  which  lie  above  them  by  a 
partition  of  dura  mater,  termed  the  tentorium  cerebelli.  Further,  they  surround 
a  cavity,  a  portion  of  the  primitive  cavity  of  the  early  neural  tube,  which  is  termed 
the  fourth  Tentricle  of  the  brain,  and  they  all  stand  in  intimate  connexion  with 
each  other.     The  medulla  is  for  the  most  part  carried  upwards  into  the  pons 
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in  the  tube,  which  is  termed  the  cerrical  llezan.  The  large  portion  of  hind-brain 
irhich  extends  from  the  isthmua  to  the  cervical  flexure  is  usually  considered  as 
Wing  composed  of  two  parts,  viz.  an  upper  portion,  termed  the  metencephalon,  and 
AD  inferior  portion,  called  the  myelencephalon. 

From  the  metencAphalon  are  derived  the  cerebellum  and  pons  Varolii.  The 
cerebellum  arises  hj  a  thickening  of  the  dorsal  wall  of  this  portion  of  the  vesicle, 
wliilst  the  pons  is  forined  by  a  thickening  of  the  lateral  and  ventral  walls.     The 
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myelencephalon  gives  origin  to  the  bulb  or  medulla  oblongata.  This  is  chiefly 
formed  by  a  thickening  of  the  lateral  walls  of  this  part  of  the  vesicle.  These  fall 
away  from  each  other  tn  an  outward  direction,  and  thus  the  ventral  angle  between 
tliem  becomes  greatly  opened  up.  The  growth  which  leads  to  the  formation  of  the 
bulb  appears,  therefore,  to  take  place  chiefly  on  the  ventral  aspect  of  the  vesicle. 
The  dorsal  wall  remains  thin  and  epithelial,  and  undergoes  little  or  no  development 
into  nervous  elements. 

The  cavity  of  the  original  hind-brain  is  retained  in  the  adult  brain  as  the  fourth 
ventricle ;  and  from  what  has  been  said  regarding  the  development  of  the  different 
jiortions  of  the  wall  of  the 
]irimitive  hind- brain,  it  will 
be  seen  that  in  its  lower  or 
niwlullary  part  its  dorsal 
wall  or  roof,  to  a  large 
extent,  remains  epithelial. 

The  parts  of  the  adult 
brain  which  are  derived 
from  the  rhombencephalon 
or  hind -brain  are  those 
which  lie  below  the  ten- 
torium cerebelli  in  the 
posterior  cranial  fossa  of  ' 
the  skull. 

MesencephalOQ  or 
Mid-brain. — The  mid-brain  takes  a  much  more  prominent  part  in  the  forma- 
tiun  of  the  early  primitive  brain  than  it  does  in  the  construction  of  the  adult 
brain.  It  forma  a  very  small  part  of  the  adult  brain,  and  constitutes  a  stalk  of 
connexion  between  the  parts  which  are  developed  from  the  walls  of  the  rhomben- 
cephalon and  those  which  are  develoi>ed  from  the  walls  of  the  prosencephalon 
or  fore- brain.  The  entire  wall  of  the  mid-brain  is  transformed  into  nervous 
tissue.  Thus,  by  the  special  development  of  the  dorsal  section  of  the  wall,  the 
corpora  quadrigemina  are  formed.  The  lateral  and  ventral  sections  of  the  wall 
undei^o  a  still  more  marked  d^ree  of  growth-thickening,  and  the  result  is  the 
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formation  of  the  two  crura  cerebrL  The  cavity  of  the  mid-biftin  ib  retained  aa  the 
narrow  passage  termed  the  aqueduct  of  Sylvius,  which  connects  the  third  ventricle, 
of  the  brain  with  the  fourth  ventricle, 

Prosenceplialon  or  Fore-brain. — In  its  early  condition  one  of  the  leading 

peculiarities  of  the  fore-brain  is  its  great  width.     It  extends  outwards  on  either 

side  for  a  considerable  distance  beyond  the  lateral  walls  of  the  mid-brain.     These 

lateral  expansions  of  the  fore-brain  are  the  optic  vasicles,  and  at  this  Btt^  they  are  in 

no  way  constricted  off  from  the  central  part  of  the  cavity  (Fig.  383).    Soon,  however, 

the  central  portion  of  the  fore-brain  begins  to  expand  upwards  and  forwards,  whilst 

the  terminal  portions  of  the  optic  vesicles  likewise  undergo  enlargement ;  and  the 

result  is,  that  the  originally  single  chamber  shows  subdivision  into  three  parts, 

viz.  a  central  portion  or  fore-brain  proper,  and  two  expanded  optic  vesicles,  which 

pgiip  are   joined    to   the    lower 

parts  of  the  lateral  aspects 

of  the  fore-brain  proper  by 

two    short    constricted 

tubular     pass^ea    termed 

J  the  optic  stalks. 

The  optic  vesicle  and 
the  optic  stalk  become  ulti- 
matelytransformed  into  the 
retina  of  the  eye-ball  nnd 
the  optic  nerve.  The 
changes  which  lead  to  this 
result  are  detailed  in  the 
section  dealing  with  the 
anatomy  of  the  oi^n  of 
vision. 

The  fore -bra  in  under- 
goes a  series  of  remarkable 
developmental  changes,  the 
most  striking  of  which  is 
the  formation  of  the  cere- 
bral hemispherea  The 
terminal  or  fore-portion  of 
the  fore-brain,  in  the  fin^t 
instance,  expands  in  a  for- 
ward and  downward  direc- 
tion, and  from  the  upper 
and  lateral  aspects  of  the 
new  portion  of  the  vesiclf 
Fra,  884— Thb  Bbaih  op  a  Homab  Embrto  re  the  Finn  Wmk  thus  formed  the  cerebral 
(from  Hi«).  hemispheres  bulge  out  wards 

A,  Brain  M  seen  in  profile.     B,  Mesial  uution  through  the  ume  brain.      In   the  form  of  tWO  holloVr 
M,    MBramilUry    flminence  ;    To.    Tuber  cinereuin  ;    Hp.  Hypophy.i.     poucheS,         The      biudei 
(ijiluitory  divertlculma  from  buccil  e«vily)  ;  Opt,    Optic  atalk  1  ■    -       i  ^       e    ^l       r 

TH.Opticth.lunuB-.Tg.  Tegmental  part  of  meineepLlon;  IV  Onginal  part  of  the  fore- 
Para  lublhaUmica  :  Ca.  Corpus  fitriatum;  FM,  Foramen  of  Monro;  brain  19  termed  the  th*J- 
L,  L&Qiina  tarminalia  ;  RO.  Recesetu  opticue  ;  Ri,  Beceuna  infun-    ])uuiI6IIC4P)ulDn      or      dlBII 

cephalon,  whilst  the  an 
tenor  part  with  the  cerebral  hemispheres,  which  protrude  out  from  it,  receives  the 
name  of  telencephalon. 

The  side  walls  of  the  diencephalon  become  thickened  into  the  two  large  masses 
of  griiy  matter  termed  the  optic  thalarai ;  the  floor  or  ventral  wall  develops  into 
those  structures  which  occupy  the  interpeduncular  space  in  the  base  of  the  brain 
(viz.  the  posterior  perforated  spot,  the  corpora  mamraiUaria,  and  the  tuber  cinereum'' : 
whilst  the  roof  or  dorsal  wall  remains  thin  and  epithelial,  and  undergoes  no 
nervous  development. 

The  hollow  cerebral  hemispheres  soon  outstrip  all  the  other  parts  of  the  brain 
in  their  development.     They  expand  not  only  in  an  upward  and  forward  direction, 
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but  chiefly  in  a  backwanl  directioa ;  and  by  their  excessive  growth  backwards 
they  gradually  come  to  overlie  the  diencephalon,  the  mesencephalon,  and  at 
last  the  parts  derived  from  the  rhombenoephalon.  It  thus  comes  about  that, 
when  the  adult  brain  is  viewed  from  above  nothing  but  the  cerebral  hemispheres 
are  visible— all  the  other  parts  of  the  brain  lie  under  cover  of  them. 

At  first  the  cavity  of  each  cerebral  hemisphere  ia  connected  with  the  cavity 
of  the  front  portion  of  the  fore-brain  by  an  exceedingly  short  but  relatively  wide 
pass^e.     This  is  the  early  condition  of  the  foramen  of  Monro.     The  fore-part  of 
the  fore-brain  is  now  seen  to  be  bounded  in  front  between  the  two  hollow  cerebral 
betaiapbere- pouches  by  a  narrow  thin  strip,  which  represents  the  extreme  anterior 
vail  of  the  neural  tube,  and  consequently  it  receives  the  name  of  lamina  termlnalis. 
The  cavity  of  the  fore-brain  not  only  in  its  hinder  diencephalic  part,  but  also  in 
ite  anterior  telencephalic  part  (i.e.  the  part  from  which  the  cerebral  hemispheres 
bud  out),  persists  as  the  third  ventricle  of  the  brain,  whilst  the  cavities  of  the 
primitive   cerebral    hemispheres  are 
represented    in    the   adult    by    the 
lateral  ventricles  of  the  brain.     The 
foramina  of  Monro,  relatively  much 
reduced    in    size,   are    preserved    as 
narrow    throats    of    communication 
between    the  lateral  ventricles   and 
the   third  ventricle.      The  olfactory 
lobes    are    formed    as    hollow    out- 
growths   from    the    cerebral    hemi- 
spheres. 

Flexures  of  the  Brain-tttbe.— 
At  a  very  early  period,  and  while  the 
changes  detailed  above  are  being 
carried  on,  the  cerebral  portion  of  the 
neural  tube  becomes  sharply  bent 
upon  itself  at  certain  points.  The 
first  flexure  which  occurs  is  the 
^imat7  cephalic  flexare.  It  occurs 
in  the  region  of  the  mesencephalon, 
and  involves  the  entire  head.  The 
fore-brain  becomes  bent  in  a  ventral 

direction  round  the  fore-end  of  the  __   

nOtOCbord  and  the  fore-gut,  until  the        Th,  ^^^^  ^i^  n^M "<«  indi«.'tad  by  numerals. 

long  axis  of  the  fore-bram  forms  an     ^_  cereb™!  diverticulum  ot  pituu^  body,    b,  Buc«j 

acute    angle  with    the    long    axis   of  diverticulum  of  pltuiUry  body. 

the  hind-brain  and  the  ventral  wall 

of  the  one  comes  to  lie  nearly  parallel  with  the  corresponding  wall  of  the  other. 

Through  this  curvature  the  mid-brain  is  considerably  modified  in  form,  and  for  a 

time  it  comes  to  occupy  the  most  prominent  and  foremost  part  of  the  embryonic  head. 

The  primary  cephalic  flexure  is  soon  followed  by  the  cervical  lleznre.  This 
occurs  at  the  junction  of  the  bind-brain  with  the  spinal  cord.  Here  the  entire 
bead  is  beut  in  a  ventral  direction,  and  at  the  end  of  the  fifth  week  the  flexure  is 
so  pronounced  that  the  cerebral  and  spinal  cord  portions  of  the  neural  tube  meet 
each  other  at  a  right  angle  (Fig.  3S5).  In  the  later  stages  of  development  the 
cervical  flexure  becomes  obliterated  by  the  elevation  of  the  head  and  the  straighten- 
ing of  the  neck  of  the  embryo. 

The  third  bend  takes  place  in  the  region  of  the  future  pons  Varolii  (meten- 
cephalou),  and  is  consequently  termed  the  pontine  flaxnis.  It  differs  from  the 
other  flexures  in  being  confined  to  the  brain  tube  and  in  not  in  any  way  involving 
the  entire  head.  Further,  the  bend  is  much  more  marked  in  the  thick  ventral 
wall  than  iu  the  thin  dorsal  wall  of  the  tube.  The  neural  tube  is  doubled  forwards 
on  itself  and  the  pons  Varolii  becomes  developed  in  connexion  with  the  summit  of 
the  curvature.  In  the  further  growth  of  the  brain  the  pontine  flexure  becomes 
almost  completely  obUterated. 
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By  reason  of  these  curvatures  the  early  brain  assumes  a  bIduoub,  zigzag  or 
S-shaped  outline  when  viewed  from  the  side,  and  the  relationship  of  its  various 
parts  becomes  materially  altered.  The  essential  factor  at  work  in  the  production 
of  the  brain  flexures  is  clearly  the  very  unequal  growth  which  takes  place  in 
different  parts  of  the  cerebral  walL 

Basal  and  Alar  Laminse  of  His. — It  has  been  pointed  out  that,  in  the 
development  of  the  spinal  cord,  each  of  the  thick  lateral  walls  of  the  neural  tube 
is  marked  off  into  a  dorsal  or  alar  and  a  ventral  or  basal  lamina.  This  subdivision 
is  also  noticeable  in  the  cerebral  part  of  the  neural  tube,  and  the  furrow  on  the 
inner  aspect  of  the  lateral  wall,  which  indicates  this  subdivision,  can  be  traced 
even  in  the  adult  brain  throughout  a  considerable  part  of  its  length. 

In  the  spinal  cord  the  motor  cells  are  gathered  in  the  basal  lamina  in  more  or 

leas  continuous 
columns,  lu  the 
brain  the  corre- 
sponding cells 
'  from    which    the 

efferent  fibres  of 
the  cranial  nerves 
are  given  off  are 
also  placed  within 
the  basal  lamina, 
but  they  are  ar- 


Tliey  are  collected 

together  in    dis- 

con  nee  ted  cl  usters 

termed  the  motor 

nuclei,  and   they 

do  not    extend 

higher    up    than 

Fi<i.  386.— DiAOHAiiB  TO  ILL UBT HATK  TBB  Alar  AND  Basal  LAMiKf.     In  both        the     mid- brain. 

cases  the  embrjoDic  lirain  ie  rvpreseuted  in  mcfliol  xectiou  (HIr).  ff  q   motor   nuclei 

A.  The  diffarent  mbilivisioQa  of  the  brain  ire  niBrked  off  from  Mch  other  by  dotted  oCCUr  in  the   forc- 

Hoes,  dud  the  liotttd  liae  niiining  in  the  long  axis  of  the  neural  tuba  indicate*  the    i,_oin         1  nAno,i 

aeparation  of  the  alar  from  the  haaal  1  ami  ma  of  the  lateral  wall.  urain.       lOUtttu, 

a   Me»i»l  -«ti0L  through  th^  brain  of  a  human  embryo  at  the  end  of  the  firat   ^"6  importance  of 

month.     Dotteil   lines  mark  off  the  different  regions  and  also    the  alar  and  baul    the    basal    lammS 

laminie  from  eagli  other.  diminishes   aS  We 

H,  Buccal  part  of  pituitary  body;  RL,  Olfactory  lobe;    C.8TB,  Corpus  atriatiini ;   paSS      from      the 

A.  Entrance  to  optic  «talk  ;  0,  Optic  recesf  ;  I.  Infundibular  recess ;  T,  Tuber  Io„„rto  thehiffher 

cincreui.. ;  M.  Mammill.ry  eminence.  lOWerso  l-nemgner 

parts  of  the  brain. 
In  the  rhombic  or  hind-brain  the  greater  part  of  the  medulla  oblongata  and  of 
the  pons  Varolii  is  formed  from  the  basal  Itiminje,  whilst  the  cerebellum,  with  its 
superior  and  inferior  cerebellar  peduncles,  is  derived  from  the  alar  laminie.  In 
the  mid-brain  the  crura  cerebri  are  the  derivatives  of  the  basal  laminie,  whilst  the 
corpora  qnatlrigemina  are  developed  from  the  alar  iaminas.  In  the  fore-brain  the 
subthalamic  rogioa  and  the  optic  vesicles  are  products  of  the  growth  of  the  basal 
laminee,  whilst  the  optic  thalami  and  cerebral  hemispheres  spring  from  the  alar 
laminie. 

The  fact  that  the  cereliellum  and  the  cerebral  hemispheres  owe  their  origin 
to  the  alar  lamina  is  surticient  to  show  the  predominant  part  which  these  laminie 
play  in  brain  devtilopment,  and  the  higher  we  ascend  in  the  animal  scale  the  more 
pronounced  di)e9  this  predominance  become. 

The  following  table  given  «  summary  of  the  various  developmental  processes 
which  have  been  described  in  the  foregoing  pages: — 
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Hind -brain 

(posterior  cerebral 
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I  Upper  part  of  tbe  fourth  v 
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Mesenceplialoii 

or  Mid-brain 
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ediately  adjoining 
-.  tne  mesencephalon) 
I  Mesencephalon 
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Prosencephalon 
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veBicle) 


Thalaiiiencephalon 
Diencephalon 


I  Optic  thalaiui 
Subthalamic  tegtuental  regionii 
Pituitary  and  pineal  bodiea 
iStruclureu    in    interjietluncuUr 
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Hiniier  part  of  the  third  ven- 

j  Cerebral  hcniispherea 
Olfactory  loben 
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I  Foramina  of  Monro 
[Anterior   portion  of  the   third 


icle 


THE  PAETS  OF  THE  ENCEPHALON  DERIVED  FROM  THE 
HIND-BRAIN. 

MKDULLA  OBLONGATA  OK  Bl'LIt. 

The  medulla  oblongata  or  bulb  is  the  continuatioo  upwards  of  tlie  spinal  cord. 
It  is  not  more  than  one  inch  in  length,  and  it  may  be  regarded  as  l>eginningat  the 
decussation    of    the 
pyramidal    tracts,  q 

which     takes    place 

about    the    level   of     ^  m 

theforanienmagnum.    *^'"'™  niit>ri>> 

From  this  it  proceeds    corpm  i«ie(iii  > 

upwards   in    a    very        ^^^  I't^vlm 

nt'itrly  vertical  direc- 
tion, and  ends  at  the 

lower  border  of  the        y,j  fv«o-) 

pons  Varolii.  At  first       ottii  r«(vi.) 

its  ^'ircb  is  similar  to 
that  of  the  cord,  but 
it  rapidly  expands  as 
it  approaches  the 
pons,   and    conse- 
quently it  presents  a 
more  or  less  conical 
form.       Its    ventral 
!<UTface    lies    behind 
thf  grooved  surface 
of  the  basilar  portion 
of  the  occipital  bone, 
whilst  its  dorsal  sur- 
face is  sunk  into  the  vallecula  of  the  cerebellum.     The  medulla  oblongata  is  a 
bilateral  structure,  and  this  ia  indicated  on  the  surface  by  a  continuation  upwards 
I'f  the  antero-median  and  postero-median  fissures  of  the  cord  on  the  ventral  and 
'lorKal  aspects  of  the  medulla. 
35 


Fm.  387.— Front  Vibw  o 


a  Hesbscefhalon  c 
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The  uttero-median  groove  (lissura  mediana  anterior),  as  it  passes  from  the  coni 
on  to  the  medulla,  is  interrupted  at  the  level  of  the  foramen  magnum  by  several 
strands  of  fibres,  which  cross  the  mesial  plane  from  one  side  to  the  other,  Ttiis 
intercrossing  is  termed  the  decussation  of  the  pyramids.  Above  this  level  the 
furrow  is  carried  upwards  to  the  lower  border  of  the  pons,  but  is  often  remlered 
very  shallow  by  numerous  superficial  arcuate  fibres  which  emerge  upon  the  Burfai.'e 
between  its  lips  and  then  curve  outwards  to  reach  the  hinder  part  of  the  mrtlulk. 
At  the  lower  margin  of  the  pons  Varolii  it  expands  slightly  and  ends  in  a  blind  pit, 
which  receives  the  name  of  the  foramen  cncom  of  Vicq  d'Azyr.  The  postaro-metUu 
fissure  (fissura  mediana  posterior)  is  only  carried  up  on  the  lower  half  nf  the 
medulla.  As  it  ascends  it  rapidly  becomes  shallower,  and,  halfway  up,  the  central 
canal  of  the  cord  opens  on  the  dorsal  surface  of  the  medulla.  At  this  jraint  the 
lips  of  the  postero- median  fissure  are  thrust  apart  from  each  other  and  constitute 
the  boundaries  of  a  triangular  field,  which  is  thus  opened  up  on  the  dorsal  aspeil 
of  the  medulla.  This  triangular  field  is  the  lower  part  of  the  foaaa  rhomboidalis. 
or  the  floor  of  the  fourth  ventricle  of  the  brain.  The  lower  half  of  the  medulla, 
containing  as  it  does  the  continuation  of  the  central  canal  of  the  cord,  is  frequently 
t«nned  the  closed  part  of  the  mednUa ;  the  upper  half,  above  the  opening  of  the 
canal,  which  by  its  dorsal  surface  forms  the  lower  part  of  the  floor  of  the  fourth 
ventricle,  is  then  called  the  open  part  of  tiie  mednlla. 

Deferring  for  the  present  the  examination  of  the  medullary  part  of  the  floor 
of  the  fourth  ventricle,  the  appearance  presented  by  the  surface  of  each  side  of 
the  medulla,  from  the  antero-median  fissure  in  front  to  the  postero- median  fissure 
and  the  lateral  limit  of  the  floor  of  the  fourth  ventricle  l«hind,  may  now  engage 
our  attention.  In  the  spinal  cord  the  corresponding  surface  area  is  divided  iolo 
three  districts  or  columns  by  the  emerging  motor  roots  and  the  entering  sensort- 
roots  of  the  spinal  nerves.  Of  these  the  latter  enter  along  the  bottom  of  the 
postero- lateral  groove,  whilst  the  motor  fascicles  are  spread  over  a  relatively  broad 

surface  area  and  have 

no  groove  in  connexion 

''"'"  with    their    emergeuue 

J,  from  the  cord.     In  the 

case    of    the    medulla 

i^'*'        corresponding   rows  of 

u»,[ri.  nerve  -  faacicles     enter 

"^^  and  emerge    from   the 

viivBQ  surface    of   each    siiie. 

^  The    efferent    faecicUs 

""P"^^' :  .rtofdoot    *™  ^^^  root-bundles  of 

Mwai.';  ""'  the   hypoglossal  nene. 

U"  >ktm         and  they  carry  up  the 

wrtor  line    of    the     anterii^r 

8tf  nerve-roots  of  the  conl 

Ar  '  "^^  In  one  respect,  however, 

Trii  hjpogio-i    they  differ:  they  emer^T 

in  linear  orderand  alon;: 

the   bottom   of    a   dis- 

""  tubercle       tinct  furrow,  termed  the 

'^'"*"  ,(u«»tu.      «>*«^-I»*««»l       ftUTOW, 

which  proceeds  upwards 
on  the   surface  of  the 
medulla.     The  fascicles 
Ki».  3S8.-B*cK  Vjew  op  tbb  Mboull*.  Pons,  and  Mwrncbphalon  «k  ''hich  carry  up  the  iim 
A  FtLL-TrjiK  Human  F<etus.  of  the  posterior  nerve- 

roots  on  the  surface  ni' 
the  medulla  are  the  root-bundles  of  the  spinal  accessory,  the  vagus,  and  the  glosso- 
pharyngeal nerves.  These  are  attached  alonj;  the  bottom  of  a  furrow  which  iw  ilie 
direct  continuation  upwards  of  the  postero -lateral  furrow  of  the  cord,  and  therefure 
receives  the  name  of  the  postero- lateral  fturow  of  the  medulla.      The  root-bundle» 
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of  these  nerves  differ,  however,  in  so  far  that  they  are  not  all  composed  of  afferent 
fibres  springing  from  ganglionic  cells  placed  without  and  entering  the  medulla. 
Certain  of  them  are  purely  efferent  (spinal  accessory  roots),  whilst  others  likewise 
coDtain  a  considerable  number  of  efierent  fibres,  and  are  therefore  to  be  regarded 
aa  mixed  roots. 

By  the  postero-lateral  and  the  antero-Iateral  grooves,  and  also  by  the  two  rows 
of  nerve  fascicles  attached  along  the  bottom  of  these  furrows,  the  surface  of  the 
medulla  on  each  side  is  divided  into  three  districts,  viz.  an  anterior,  a  lateral,  and  a 
posterior,  similar  to  the  surface  areas  of  the  three  columns  on  the  side  of  the  cord. 
Indeed,  at  first  sight,  they  appear  to  be  a  direct  continuation  upwards  of  these  three 
portions  of  the  cord ;  this  is  not  the  case,  however,  because  the  fibres  of  the  three 
columns  of  the  cord  undergo  a  rearrangement  as  they  proceed  upwards  into  the 
medulla. 

Anterior  Area  of  the  Medulla — Pyramid  (pyramis). — The  district  between 
the  antero-median  fissure  and  the  antero-Iateral  furrow,  along  the  bottom  of 
which  the  root-fascicles  of  the  hypoglossal  nerve  issue  from  the  medulla,  receives 
the  name  of  the  pyramid.  An  inspection  of  the  surface  in  sufficient  to  show 
that  the  pyramid  is  composed  of  a  compact  strand  of  longitudinally  directed 
nerve- fibres.  Tapering  below,  it  expands  and  assumes  a  prominent  appearance 
as  it  is  traced  upwards,  and,  finally  reaching  the  lower  border  of  the  pons  Varolii, 
it  becomes  slightly  constricted  and  disappears  from  view  by  plunging  into  that 
portion  of  the  brain.  The  two  pyramids,  separated  from  each  other  by  the  antero- 
mwlian  furrow,  are  the  great  motor  strands  of  the  medulla. 

Although  the  pyramid  at  first  sight  appears  to  be  continuous  with  the  anterior 
column  of  the  cord,  only  a  very  small  pro-  ^^^^^^ 

portion  of  the  fibres  contained  in  the  latter 
are  derived  from  the  pyramid.  This  at  once 
becomes  manifest  when  the  lips  of  the 
antero-median  fissure  are  thrust  a^mrt  at  the 
place  of  junction  between  the  cord  and  the 
medulla.  The  pyramid  is  then  seen  to  divide 
at  this  level  into  two  parts,  viz.  a  small 
portion  compiled  of  a  variable  number  of 
the  outermost  fibres  of  the  pyramid,  termed 
the  direct  pyramidal  tract,  and  a  much  larger 
portion  situated  nest  the  antero-median 
fissure,  called  the  crossed  pTramidal  tract. 
The  direct  pyramidal  tract  is  continued  down 
into  the  anterior  column  of  the  cord,  and 
in  this  it  takes  up  a  mesial  position  next 
the  antero-median  fissure.  The  crossed  pyra- 
midal tract  is  broken  up  into  three  or  more 
coarse  bundles,  which  sink  backwards  and  at 
the  same  time  cross  the  mesial  plane,  to  take 
up  a  position  in  the  posterior  part  of  the 
opposite  lateral  column  of  the  cord.  The 
term  dacnssatdon  of  tha  pyramids  (decussatio 
pyranudum)  is  applied  to  the  intercrossing 
of  the  corresponding  bundles  of  the  crossed 
pyramidal  tracts  of  opposite  sides.  Fio.  389.— Duukah  of  tbb  Decussation  of 

The  direct  pyramidal  tract  is,  therefore,  ™'  Pvi'AMtM(mo.fifie.l  from  v»QOehucht«n). 
the  only  part  of  the  pyramid  which  has  a  NH,  Nucleus  bypoglossi;  NV.  v»go-glosso- 
place  in  the  anterior  column  of  the  cord.  T^b^'l^i.XZL^bigu""'^'''"  "'"' 
The  much  larger  part  of  this  column,  termed 

the  anterior  basis-bundle,  as  it  is  traced  up  into  the  medulla  is  seen  to  be 
thrust  aside  by  the  decussating  bundles  of  the  crossed  pyramidal  tract.  It  thus 
comes  to  occupy  a  deep  position  in  the  substance  of  the  medulla  behind  and  to  the 
outer  side  of  the  pyramid. 

Lateral  Area  of  the  Medulla. — This  is  the  district  on  the  surface  of  the  medulla 
35  a 
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which  is  included  between  the  two  rows  of  nerve-roots,  viz.  the  hypoglossal  roots  id 
front,  and  the  root-bundles  of  the  spinal  accessorj,  the  vagus,  and  the  gloaso- 
pharjngeal  nerves  behind.  It  piesente  a  very  different  appearance  in  its  upperaad 
lower  parts.  In  its  lower  portion  it  simply  appears  to  be  a  continuation  upwardu 
of  the  lateral  area  of  the  cord  ;  in  its  upper  part  a  striking  oval  prominence  bulges 
out  on  the  surface  of  the  medulla,  and  receives  the  name  of  the  oUvarr  eminence. 

The  lower  part  of  this  district,  however,  is  very  far  from  being  an  exact  counter- 
part of  the  lateral  column  of  the  cord.  The  large  crossed  pyramidal  tract  is  no 
longer  present,  seeing  that  it  forms  in  the  medulla  the  greater  part  of  the  pyramid 
of  the  opposite  side.  Another  strand  of  fibres,  viz.  the  direct  cerebellar  tract, 
prolonged  upwards  in  the  lateral  column  of  the  cord,  gradually  leaves  this 
portion  of  the  meduUa.  This  tract  lies  on  the  eurface,  and  is  frequently  visible 
to  the  naked  eye  as  a  white  band,  which  inclines  obliquely  backwards  into 
the  posterior  district  of  the  medulla  to  join  its  upper  part,  or  in  other  words  the 
restiform  body.  The  remainder  of  the  fibres  of  the  lateral  column  of  the  cord, 
comprising  the  lateral  basis-bundle  and  the  tract  of  Gowers,  are  continued  upwards 
in  the  lateral  area  of  the  medulla,  and  at  the  lower  border  of  the  olive  the  majority 
of  these  fibres  disappear  from  the  surface  by  dipping  into  the  substance  of  the 
medulla  under  cover  of  that  projection.  A  small  proportion  of  the  fibres,  how- 
ever, are  retained  on  the  surface  and  travel  upwards  towards  the  pons  in  the  interval, 
which  exists  betweeu  the  hinder  border  of  the  olive  and  the  roots  of  the  vagus  and 
gloBBO-pharyngeal  nerves. 

The  olivary  emlnetice  (oliva)  is  a  smooth  oval  projection  which  bulges  out  from 
the  upper  part  of  the  lateral  area  of  the  medulla.  Its  long  axis  is  vertical  and  is 
about  half  an  inch  long.  It  marks  the  position  of  the  subjacent  inferior  olivuy 
nudens,  a  flexuous  lamina  of  gray  matter  (nucleus  olivaris  inferior),  which  is  only 
separated  from  the  surface  by  a  very  thin  layer  of  superficial  white  matter. 

Posterior  Area  of  the  Medulla. — In  its  lower  half,  this  district  is  bounded 

behind  by  the  postero-median  fissure,  and  in  its  upper  half  by  the  lateral  margin 

of  the  medullary  part  of  the  floor  of  the  fourth  ventricle  of  the  brain.     In  front 

it  is  separated  from  the  lateral  area  by  the  row  of  root-fascicles  belonging  to 

the  spinal  accessory,   vi^us,  and   gloeso- 

'  pharyngeal   nerves.      As    in    the    lateral 

nicuutuni  atea,  we  recognise  a  lower  portion  and  an 

upper  portion,  which   appear  continuous 

but   in  reaUty  are  almost  quite  distinct 

nlcuklum  fj^j^j  gjj^jj  ^,jjjgp 

^^J^^  The  lower  part  of  the  posterior  area 

udrigeminii  body  corrcsponds  morc  or  less  closely  vrith  the 
let  poBtenor   column    of   the  cord.      In   the 

sreiniiM  peduncle  cervical  part  of  the  cord  the  posterior 
aiincieof  column    is   divided    by    the    paramedian 

1  septum  of  pia  mater  into  an  inner  column 

of  Goll  6ind  an  outer  column  of  BurdacU. 
bwiy  These    are    prolonged   upwards    into   the 

'eBtnlitiv^  medulla,  and   in   the  lower   part   of  the 

'  ..   posterior  area  they  stand   out  distinctiv, 

and  are  separated  irom  each  other  by  a 
"  continuation  upwards  from  the  cord  of  the 

o'fmMuii*  paramedian  groove.      In  the  medulla  the 

inner  of  these  strands  is  caUed  the  ftmicnlus 
'"'"'"'  gracilis,  whilst  the  outer  one  is  designated 

the  fnnicalns  cunaatoB.  Each  of  tht.'ee 
Fin.  390.  — Utkhal  View  or  the  Meddll*.     gtrands,   when    it    reaches    the    level   of 

POSK,    AMD    MMENCBFHALOS    Or    A    FCLL-TISIE         ^i         i  i         i-    ii_         a  f    ..L         r  .k 

Humas  f<etd8.  *'"®  lower  part  of  the  floor  of  the  fourth 

ventricle,   ends    in    a   slightly   exjtanded 

bulbous  prominence.     The  swollen  extremity  of  the  funiculus  gracilis  is  called  the 

clava.     This  is  thrust  a-side  from  its  neighbour  of  the  opposite  side  by  the  openinfr 

up  of  the  medulla  to  form  the  floor  of  the  fourth  ventricle,  and  the  central  canal  of 
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the  cord  opens  on  the  surface  in  the  angle  between  the  two  clavae.  The  bulbous 
end  of  the  fasciculus  cuneatus  receives  the  name  of  the  cimeate  tubercle  (tuberculum 
cinereum),  but  it  is  only  in  the  foetal  or  very  young  brain  that  it  is  well  marked. 

The  elongated  prominences  formed  on  the  surface  of  the  medulla  by  these  two 
strands  and  their  enlarged  extremities  are,  in  a  great  measure,  due  to  the  presence 
of  two  elongated  nuclei  or  collections  of  gray  matter  which  make  their  appearance 
subjacent  to  the  strands,  and  which  gradually  increase  in  bulk  as  they  are  traced 
upwards.  These  are  termed  respectively  the  gracile  (nucleus  funiculi  gracilis)  and 
cimeate  (nucleus  funiculi  cuneati)  nuclei,  and  it  can  be  easily  shown  that  as  the 
gray  matter  increases  in  quantity  the  fibres  of  the  two  corresponding  strands 
diminish  in  number  by  coming  to  an  end  in  connexion  with  the  cells  of  the 
subjacent  nuclei.  Indeed,  it  is  doubtful  if  any  of  the  fibres  of  the  gracile  and 
cuneate  strands  extend  upwards  beyond  these  nuclei. 

But  a  third  longitudinal  elevation  is  also  apparent  on  the  surfaci  of  the  lower 
part  of  the  posterior  area  of  the  medulla.  This  is  placed  on  the  outer  side  of  the 
funiculus  cuneatus — between  it  and  the  posterior  row  of  nerve-roots — and  it  has 
no  counterpart  in  the  posterior  colunm  of  the  cord.  It  is  called  the  ftmiculus  of 
Solando,  because  it  is  produced  by  the  substantia  gelatinosa  Eolandi,  which  caps  the 
posterior  horn,  coming  close  to  the  surface  and  forming  a  bulging  in  this  situation. 
The  funiculus  of  Eolando  is  wedge-shaped  in  outline.  Extremely  narrow  below,  it 
widens  as  it  is  traced  upwards,  and  finally  ends  in  an  expanded  extremity  called 
the  tubercle  of  Bolando  (tuberculum  Eolandi).  A  thin  layer  of  white  matter,  com- 
posed of  longitudinally  arranged  fibres,  is  spread  over  this  district,  and  separates  the 
substantia  Rolandi  from  the  surface.  These  fibres  constitute  the  spinal  root  of  the 
fifth  or  trigeminal  nerve,  which  here  assumes  a  superficial  position  as  it  descends 
in  the  medulla. 

The  restiform  body  (corpus  restiforme)  forms  the  upper  part  of  the  posterior 
area  of  the  medulla.  It  lies  between  the  floor  of  the  fourth  ventricle  and  the 
roots  of  the  vagus  and  glosso-pharyngeal  nerves.  It  is  a  large  and  prominent 
rope- like  strand,  which  inclines  upwards  and  outwards,  and  then  finally  takes 
a  turn  backwards  and  enters  the  cerebellum.  It  forms  the  great  link  of  connexion 
between  the  cerebellum  on  the  one  hand  and  the  medulla  and  spinal  cord 
on  the  other,  and  consequently  it  also  receives  the  name  of  the  inferior  cerebellar 
peduncle.  At  the  same  time  it  must  be  understood  that  it  is  not  formed  by  fibres 
which  are  prolonged  into  it  from  the  funiculus  cuneatus  and  funiculus  gracilis 
of  the  medulla.  It  is  true  that  a  surface  inspection  of  the  medulla  might  very 
naturally  lead  the  observer  to  this  supposition,  because  there  is  no  sharp  line  of 
demarcation  marking  it  off  from  the  tubercles  of  these  strands.  Such  a  conclusion, 
however,  would  be  altogether  erroneous,  because  it  would  appear  that  none  of  the 
tibres  of  the  posterior  columns  of  the  cord  are  carried  beyond  the  gracile  and  cuneate 
nuclei  of  the  medulla.  A  study  of  the  surface  of  the  medulla  yields  some  important 
information  regarding  the  constitution  of  the  restiform  body.  Thus  the  direct 
cerebellar  tract  from  the  lateral  column  of  the  cord  can  be  traced  into  it,  and  large 
numbers  of  fibres  which  take  a  curved  course  on  the  surface  of  the  medulla  may 
likewise  be  followed  into  it.  These  are  the  superficial  arcuate  fibres.  Numerous 
other  fibres  enter  the  restiform  body  on  its  deep  aspect,  but  these  will  be  studied 
at  a  later  stage. 

Superficial  Arcuate  Fibres  (fibrae  arcuatae  extemae). — These  fibres  enter 
into  the  constitution  of  the  restiform  body,  and  they  may  be  regarded  as  con- 
sisting of  two  sets,  viz.  the  anterior  superficial  arcuate  fibres  and  the  posterior 
superficial  arcuate  fibres,  both  of  which  present  this  feature  in  common  that  they 
run  on  the  surface  of  the  medulla. 

The  anterior  superficial  arcuate  fibres  are  more  particularly  seen  in  the  neighbour- 
hood of  the  olivary  eminence,  round  the  lower  border  of  which,  and  also  over  the 
surface  of  which,  they  may  be  observed  coursing  in  the  form  of  a  number  of  coarse 
curved  bundles.  They  vary  greatly  in  number  and  in  distinctness,  and  they  are 
sometimes  so  numerous  as  to  cover  over  almost  entirely  the  eminence.  An  attentive 
examination  will  show  that  they  come  to  the  surface  in  the  antero-median  fissure 
between  the  pyramids,  and  also  not  unfrequently  in  the  groove  between  the 
356 
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pyramid  and  olive,  or  through  the  substazice  of  the  pyramid  itself.  The  antero- 
median fissure  in  its  upper  part  is  often  almost  completely  blocked  up  by  these 
emerging  fibres.  The  anterior  superficial  arcuate  fibres  reaching  the  surface  of  the 
medulla  in  this  manner  turn  backwards,  and  the  great  majority  enter  the  restifonn 
body  and  form  a  considerable  part  of  its  outer  portion. 

The  poBterior  superficial  arcuate  fibres  arise  in  the  cuneate  and  gracile  nuclei,  and 
enter  the  restiform  body  of  the  same  side. 

THE  PONS  VAROLII. 

The  pons  Varolii  is  a  marked  white  prominence  on  the  basal  aspect  of  the  brain 
which  is  interposed  between  the  meduUtf  and  the  crura  cerebri,  and  which  Ues  in 
front  of  the  cerebellum.  It  is  convex  from  side  to  side,  as  well  as  from  above 
downwards,  and  transverse  streaks  on  its  surface  show  that,  superficially  at  least,  it 
is  composed  of  bundles  of  nerve-fibres  which  course  transversely  over  it.  On  either 
side  these  transverse  fibres  are  collected  together  in  the  form  of  a  large  compact 
strand,  which  sinks  in  iEi  backward  and  outward  direction  into  the  white  matter  of 
the  corresponding  hemisphere  of  the  cerebellum.  This  strand  is  termed  the  middle 
peduncle  of  the  cerebellum,  and  the  term  "pons,"  applied  to  the  entire  structure, 
expresses  in  an  admirable  way  the  arch-Uke  manner  in  which  this  portion  of  the 
brain  bridges  across  between  the  two  cerebellar  hemispheres. 

The  ventral  surface  of  the  pons  is  in  relation  to  the  basilar  process  of  the 
occipital  bone  and  the  dorsum  sellae  of  the  sphenoid  bone.  It  presents  a  mesial 
groove  (sulcus  basilaris),  which  gradually  widens  as  it  is  traced  upwards,  and  in 
which  the  basilar  artery  lies.  This  mesial  depression  is  produced  by  the  prominence 
which  is  caused  on  either  side  by  the  pcissage  of  the  pyramidal  tract  of  fibres 
downwards  through  the  pons.  The  trigeminal  or  fifth  cranial  nerve,  with  its  large 
entering  sensory  root  and  its  small  emerging  motor  root,  is  attached  to  the  side  of 
the  ventral  aspect  of  the  pons,  nearer  its  upper  than  its  lower  border.  It  is  usual 
to  restrict  the  term  "  pons  '*  to  that  portion  of  the  structure  which  lies  between  the 
two  trigeminal  nerves,  and  to  apply  the  designation  of  middle  cerebellar  peduncle 
to  the  part  which  extends  beyond  the  nerve  into  the  hemisphere  of  the  cerebellum. 
The  sixth  or  abducent  nerve,  the  seventh  or  facial  nerve,  and  the  eighth  or  auditory 
nerve  are  attached  to  the  brain  at  the  lower  border  of  the  pons.  The  sixth  emerges 
at  the  outer  border  of  the  pyramid,  the  seventh  immediately  in  front  of  the  resti- 
form body,  whilst  the  auditory  nerve  reaches  the  brain  close  to  the  facial  nerve,  on 
the  ventral  aspect  of  the  restiform  body. 

The  whole  of  the  medulla  enters  the  lov:er  aspect  of  the  pons,  and,  with  the 
exception  of  the  restiform  bodies,  its  constituent  parts  are,  to  a  large  extent,  carried 
up  within  it.     The  crura  cerebri  emerge  from  its  upper  aspect. 

The  dorsal  surfajce  of  the  pons  looks  backwards  towards  the  cerebellum,  and 
presents  a  triangular  area  covered  with  gray  matter,  wliich  forms  the  upper  part  of 
the  anterior  wall  or  floor  of  the  fourth  ventricle.  This  area  is  directly  continuous 
below  with  the  medullary  part  of  the  floor  of  the  fourth  ventricle,  and  is  bounded 
on  either  side  by  a  band  of  white  matter  termed  the  superior  peduncle  of  the 
cerebellum. 

Superior  Cerebellar  Peduncles  (brachia  conjunctiva). — These  are  hidden  from 
view  by  the  upper  part  of  the  cerebellum,  under  cover  of  which  they  lie.  They 
emerge  from  the  lateral  hemispheres  of  the  cerebellum,  and,  as  they  proceed 
upwards  on  the  dorsal  aspect  of  the  pons,  they  converge  towards  each  other  until, 
at  the  level  of  the  inferior  corpora  quadrigemina,  the  inner  margins  of  the  two 
peduncles  almost  become  contiguous  (Fig.  388,  p.  482).  At  first  they  form  the 
lateral  boundaries  of  the  upper  part  of  the  fourth  ventricle ;  but,  as  they  ascend 
and  approach  closer  to  each  other,  they  gradually  come  to  overhang  that  canity 
and  thus  enter  into  the  formation  of  its  roof.  They  disappear  from  the  surface 
by  dipping  under  cover  of  the  quadrigeminal  bodies  and  entering  the  substance  of 
the  mesencephalon. 

Valve  of  VieuBsens  or  the  Superior  Medullary  Velum  (velum  meduUare 
anterius). — Filling   up  the   triangular  interval   between   the  two  superior  cere- 
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bellar  peduDcles,  and  Btretching  across  from  the  inner  and  free  margin  of  the  one 
h)  tbe  corresponding  margin  of  the  other,  is  a  thin  layer  of  white  matter  which 
completes  the  roof  or  dorsal  wall  of  the  upper  part  of  the  fourth  ventricle,  and 
receives  the  name  of  the  superior  medultarj  velum.  When  traced  downwards,  it 
is  seen  to  he  carried  with  the  superior  peduncles  into  the  white  matter  of  the  cere- 
bellum. Spread  out  oa  its  dorsal  surface  is  a  small,  thin,  tongue-shaped  prolongation 
of  gray  matter  from  the  cortex  of  the  cerebellum,  which  is  termed  the  linsuU, 
whilst  issuing  from  its  substance  close  to  the  inferior  quadrigeminal  bodies  are  the 
two  fourth  or  trochlear  cranial  nerves. 

Fourth  Ventricle  of  the  Brain  (ventriculus  quartue). — The  fourth  ventricle  is 
somewhat  rhomboidal  in  form.  Below,  it  tapers  to  a  point  and  becomes  continuous 
with  the  central  canal  of  the  cord ;  above,  it  narrows  in  a  similar  manner  and  is 
continued  into  the  aqueduct  of  Sylvius,  which  tunnels  the  mesencephalon.  The 
posterior  wall  is  termed  tbe  roof  and  is  concealed  by  the  cerebellum.  The  anterior 
wall  is  called  the  floor  and  is  formed  by  tbe  dorsal  surfaces  of  tbe  medulla  find 
pona  On  either  side  a  long,  curved  and  narrow  prolongation  of  the  ventricular 
cavity  is  carried  outwards  from  its  widest  part  and  curves  round  the  upper  part 
of  the  corresponding  restiform  body.  This  is  termed  the  l*teral  recess.  Tbe  roof 
of  the  cavity  is  very  thin  and  intimately  connected  with  the  cerebellum.  It 
is  better,  therefore,  to  defer  its  description  until  that  part  of  the  brain  has  been 
Btudied. 

Floor  of  the  Fourth  Ventriol©  (fossa  rhomhoidea).  — In  its  lower  part  the 
fioor  of  the  fourth  ventricle  is  formed  by  the  dorsal  surface  of  the  open  part  of  the 

ulbodr 


Fio.  391,— Floor  of  the  Focmh  Vknthiclk,  Oii  tti«  riglit  si.le  the  riglit  h«lf  o(  tl.,^  eerehelluiu  hm  been 
removeil  bj  cuttiug  through  iti  three  pedunoUs  and  diviiliug  it  iu  thv  menial  pUoe.  On  tlit  l*tt  Biila 
the  left  half  of  the  cerebellam  ie  drawn  over  to  the  left  to  >9  Ifl  eipow  fully  the  floor  of  the  ventricle. 

medulla,  whilst  in  its  upper  part  it  is  formed  by  the  dorsal  surface  of  the  pons 
Varolii  (Fig.  388,  p.  482).  The  area  thus  constituted  is  lozenge -shaped,  its  widest 
part  being  oppoaite  tbe  upper  ends  of  the  restiform  bodies  or  inferior  peduncles 
of  the  cerebellum.  A  thick  layer  of  gray  matter,  continuous  with  that  which 
surrounds  the  central  canal  of  the  cord,  is  spread  out  like  a  carpet  over  tbe 
ventricular  floor,  and  covering  this  is  tbe  usual  ependymal  layer,  which  lines  all 
the  ventricles  of  tbe  brain.     The  area  is  curcumscribai  by  definite  lateral  boundaries. 


488  THE  NEEVOUS  SYSTEM. 

Thus,  helaw  it  is  bounded  on  either  Edde  by  the  clava,  the  cuneate  tubercle,  and 
the  restiform  body ;  whilst  above  the  lateral  limits  are  formed  by  the  superior 
cerebellar  peduncles. 

The  floor  of  the  fourth  ventricle  is  divided  into  two  lateral  and  symmetrical 
portions  by  a  median  groove.  Its  lower  narrow  pointed  portion  between  the  two 
clavte  receives  the  name  of  the  calamus  scriptorius,  from  its  fancied  resemblance  to 
the  point  of  a  pen.  Crossing  each  half  of  the  floor,  at  its  widest  part,  are  several 
more  or  less  conspicuous  bundles  of  fibres  termed  the  stria  acnstica.  They  appear 
to  emerge  from  the  mesial  groove  and  they  are  carried  outwards  over  the  floor  of 
the  ventricle  in  the  region  between  its  upper  pontine  and  lower  medullar}^  portions. 
The  striae  acusticse  exhibit  a  large  amount  of  variation  in  different  individuals  both 
in  their  degree  of  prominence  and  also  in  the  direction  whicli  they  pursue.  As  a 
general  rule  they  proceed  towards  the  upper  part  of  the  restiform  body,  where  tliey 
are  connected  with  the  cochlear  nuclei  Except  for  this  break  on  the  surface,  the 
medullary  and  pontine  portions  of  the  floor  of  the  fourth  ventricle  are  quite 
continuous  with  each  other. 

On  the  lower  medullary  district  of  the  ventricular  floor  a  small  triangular 
depression,  placed  immediately  below  the  striae  acusticae,  catches  the  eye.  This  is 
termed  the  fovea  inferior.  It  is  shaped  somewhat  like  an  arrow-head.  The  apex 
or  point  looks  towards  the  striae,  whilst  the  lateral  angles  of  the  base  are  prolonged 
downwards  in  the  form  of  diverging  grooves  (Fig.  391,  p.  487).  Of  these,  the  inner 
groove  runs  towards  the  opening  of  the  central  canal  at  the  calamus  scriptorius. 
whilst  the  outer  groove  runs  towards  the  lateral  boundary, of  the  floor.  In  this 
manner  the  portion  of  the  floor  which  lies  below  the  striae  acusticae  is  mapped  out 
into  three  triangular  areas.  The  mesial  subdivision  is  slightly  elevated  and  is 
termed  the  trigonnm  hypoglossi,  because  subjacent  to  the  inner  part  of  this  area  l< 
the  nucleus  of  origin  of  the  hypoglossal  or  twelfth  cranial  nerve.  The  intermedial' 
area  between  the  two  diverging  grooves  which  proceed  from  the  base  of  the  fovea 
inferior  is  the  trigonnm  vagi  (ala  cinerea),  so  called  because  the  nucleus  of  the 
vagus  or  tenth  and  the  glosso-pharyngeal  or  ninth  cranial  nerves  lies  subjacent  to 
it.  The  external  area  is  the  trigonnm  aenstici.  The  base  of  this  area  is  directed 
upwards  and  runs  continuously  into  an  eminence — the  acustic  area  (area  acustica) 
— over  which  the  striae  cwjusticae  pasa  Subjacent  to  this  district  of  the  floor  of  the 
ventricle  lies  the  large  terminal  chief  nucleus  of  the  vestibular  division  of  the 
auditory  or  eighth  cranial  nerve. 

A  close  iiiBpection  of  the  medullary  part  of  the  floor  of  the  fourth  ventricle  in  the  region  of 
the  calamus  scriptorius  will  show  that  tne  base  of  the  trigouum  vagi  is  separated  from  the  inner 
margin  of  the  ciava  by  a  narrow  lanceolate  strip  of  the  ventricular  floor,  to  which  Retzius  has 
^ven  the  name  of  area  postrema.  Beneath  this  area  is  some  vascular  tissue  (Streeter),  and  mark- 
ing it  off  on  its  upper  and  inner  aspect  from  the  base  of  the  trigonum  vagi  there  is  a  translucent 
coni-like  ridge  called  the  foniculos  separans. 

When  the  floor  of  the  ventricle  is  examined  under  water  with  a  magnifying  glass,  the 
trigonum  hypoglossi  is  seen  to  consist  of  a  narrow  inner  strip  which  corresponds  to  the  hypo- 
glossal nucleus,  and  a  wider  lateral  part  which  has  been  shown  to  be  the  surfac«  representation 
of  another  nucleus  termed  the  nucleus  intercalatus  (Streeter). 

On  the  part  of  the  floor  of  the  ventricle  which  lies  above  the  stride  acusticae,  and 
which  corresponds  to  the  dorsal  surface  of  the  pons,  there  is  also  a  slight  depression 
termed  the  foYea  saperior.  Between  it  and  the  median  groove  is  a  marked  pro- 
minence called  the  eminentia  teres.  Inferiorly  this  elevation  passes  downwards 
and  becomes  continuous  with  the  trigonum  hypoglossi,  whilst  above  it  is  carried 
upwards  towards  the  opening  of  the  aqueduct  of  Sylvius.  In  both  directions  it 
becomes  gradually  less  prominent,  but  still  it  forms  a  distinct  elongated  elevation, 
which  stretches  along  the  whole  length  of  the  median  groove.  As  already  stated, 
the  area  acustica  extends  upwards  into  the  pontine  part  of  the  ventricular  floor  and 
forms  an  elevated  region  in  the  outermost  part  of  its  widest  portion,  below  and  to 
the  outer  side  of  the  fovea  superior.  Proceeding  upwards  from  the  fovea  superior 
to  the  opening  of  the  Sylvian  aqueduct  there  is  a  shallow  depression  termed  the 
locns  cmnlena,  seeing  that  it  usually  presents  a  faint  slate-gray  colour.  When  the 
ependyma  ia  scraped  away  from  the  surface  of  this  part  of  the  floor,  the  colour  is 
seen  to  be  due  to  the  substantia  fermginea, — a  name  applied  to  a  linear  group  of 
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strongly  pigmented  cells,  which  lies  in  the  lateral  part  of  the  gray  matter  covering 
this  portion  of  the  ventricular  floor.  "When  transverse  aectiona  are  made  through 
the  upper  part  of  the  pons,  the  substantia  ferruginea  appears  on  the  cut  surface 
as  a  small  black  spot  or  dot. 

INTERNAL  STEUCTUEE  OF  THE  MEDULLA. 

The  internal  structure  of  the  medulla  differs  in  a  marked  degree  from  that  of 
the  spinal  cord ;  indeed,  in  Its  upper  part  it  presents  very  little  iii  common  with  the 
latter.  The  various  strands  of  the  cord  either  come  to  an  end  within  the  medulla 
or  undergo  chaDges  in  their  relative  position,  whilst  the  gray  matter  ia  nkuch  modi- 
fied and  new  masses  are  added.  Like  the  cord,  however,  the  medulla  consists  of 
two  nearly  symmetrical  right  and  left  halves.  When  transverse  sections  are  made 
through  it  at  diHerent  levels  each  lateral  half  is  seen  to  be  partly  marked  off  from 
the  other  in  the  lower  closed  part  of  the  medulla  by  the  anterior  and  posterior 
median  fissures,  whilst  in  the  upper  open  part  of  the  medulla  the  subdivision  is 
rendered  evident   in  transverse  sections   by   the  presence  of  a  distinct  median 
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line,  called  the  raphe,  which  occupies  the  mesial  plane.  The  mphe  is  formed  by  the 
close  intersection  of  fibres  running  in  different  directions  and  crossing  from  one  side 
to  the  other. 

Each  half  of  the  medulla  is  composed  of :  (a)  strands  of  white  matter ;  (b)  gray 
matter;  and  (c)  the  formatio  reticularis. 

Tlie  white  matter,  as  in  the  cord,  is  to  a  large  extent  disposed  on  the  surface,  and 
the  gray  matter  in  the  interior ;  but  in  the  upper  open  part  of  the  medulla  the  gray 
matter  comes  to  the  surface  on  the  dorsal  aspect,  and  is  spread  out  over  that  area 
which  forms  the  medullary  part  of  the  floor  of  the  fourth  ventricle.  In  the  cord 
the  white  matter,  in  the  shape  of  massive  longitudinal  strands  of  fibres,  forms  a 
thick  coating  round  the  central  gray  matter.  In  the  medulla  the  only  massive 
longitudinal  strands  which  are  seen  on  the  surface  are  the  gracile  and  cuneate 
strands  (until  they  become  absorbed  by  the  subjacent  nuclei),  the  inferior  cerebellar 
pt^duncles  or  restiform  bodies  and  the  pyramidal  tracts.  Elsewhere  the  coating  of 
white  matter  is  thin,  and  in  certain  places  is  composed  chiefly  of  the  superficial 
arcuate  fibres.  New  longitudinal  strands,  however,  take  shape  within  the  medulla, 
and  two  of  the  most  important  are  placed  on  either  side  of  the  median  raphe. 

The  gray  m&tter  of  the  cord,  as  it  is  continued   upwards  into  the  i 
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becomes  greatly  modified.  A  considerable  part  of  it  is  broken  up  in  the  formatio 
reticularis,  whilst  the  only  portions  which  remain  as  compact  masses  in  direct 
continuity  with  the  gray  matter  of  the  cord  are:  (1)  the  thick  layer  which 
surrounds  the  central  canal,  and  which,  in  the  open  part  of  the  medulla,  becomes 
spread  out  on  the  floor  of  the  fourth  ventricle ;  and  (2)  the  substantia  gelatinosa 
Kolandi.  New  masses  of  gray  matter,  which  are  not  represented  in  the  cord,  and 
which  in  some  cases  appear  in  isolated  clumps,  are  also  added.  The  chief  of  these 
are  the  gracile  and  cuneate  nuclei,  the  inferior  olivary  nuclei,  and  the  arcuate  or 
pyramidal  nuclei. 

The  formatio  reticularis  is  only  feebly  represented  in  the  cord,  but  in  the 
medulla  it  forms  a  very  considerable  part  of  its  bulk.  It  is  composed  of  gray 
matter  coarsely  broken  up  by  fibres,  which  traverse  it  in  different  directions. 

In  the  following  detailed  account  of  the  internal  structure  of  the  medulla,  it 
must  be  understood  that  the  appearances  described  are  such  as  are  seen  when 
successive  transverse  sections  through  the  bulb  are  examined 

Decussation  of  the  Pyramids  and  the  Changes  produced  thereby. — As  we 
pass  under  the  microscope  a  series  of  successive  transverse  sections  through  the 
upper  end  of  the  cord  and  the  lower  end  of  the  medulla,  the  most  striking  change 
which  meets  the  eye  is  the  decussation  of  the  pyramids.  The  crossed  pyramidal 
tract  in  the  lateral  column  of  the  cord  is  seen  to  become  looser  in  its  formation ; 
then  coarse  strands  leave  it,  pass  right  through  the  anterior  horn  of  gray  matter, 
and,  crossing  the  mesial  plane,  take  up  their  position  in  the  other  side  of  the 
meduUa,  close  to  the  antero-median  fissure.  Strands  from  the  right  crossed 
pyramidal  tract  alternate  with  corresponding  strands  from  the  left  side,  and  the 
interval  between  the  bottom  of  the  antero-median  furrow  and  the  gray  matter 
surrounding  the  central  canal  becomes  filled  up  with  a  great  mass  of  intercrossing 
bundles  of  fibres.  When  the  decussation  is  completed  the  pyramid  is  seen  to  be 
composed  of  a  solid  and  compact  bundle  of  fibres,  well  marked  off  from  the 
surrounding  structures,  which  lies  at  the  side  of  the  antero-median  fissure  of  the 
medulla. 

As  a  rule  the  inner  three-fourths  of  the  pyramid  is  composed  of  fibres  which,  lower 
down  in  the  opposite  lateral  column  of  the  cord,  form  the  crossed  pyramidal  tract,  whilst 
the  outer  fourth  of  the  pyramid  proceeds  downwards  in  the  anterior  column  of  the  cord  of 
the  same  side  as  the  direct  pyramidal  tract.  A  considerable  amount  of  variation,  however, 
occurs  in  the  proportion  of  fibres  which  is  allotted  to  the  formation  of  these  two  tracts  of 
the  cord.  Sometimes  the  crossed  pyramidal  tract  is  much  larger  than  usual,  and  then 
the  direct  pyramidal  tract  sufiers  a  corresponding  diminution  in  size.  Cases  indeed  occur 
in  which  the  entire  pyramid  enters  into  the  decussation,  and  in  these  there  is  no  direct 
pyramidal  tract  in  the  cord.  Further,  it  is  not  uncommon  to  meet  with  variations  of  an 
opposite  kind  which  lead  to  an  increase  of  the  direct  pyramidal  tract  at  the  expense  of  the 
crossed  tract.  In  the  majority  of  cases  the  decussation  appears  to  be  symmetrical — the 
division  of  the  pyramid  at  the  lower  end  of  the  medulla  being  into  parts  of  corresponding 
size  on  the  two  sides ;  in  certain  instances,  however,  the  decussation  is  asymmetrical,  and 
the  corresponding  pyramidal  tracts  on  opposite  sides  of  the  cord  are  then  unequal  in  size. 
Seeing  that  the  direct  pyramidal  tracts  undergo  a  gradual  decussation  in  the  anterior 
conmiissure,  as  they  descend  in  the  cord,  the  final  result  is  the  same,  no  matter  what 
variations  occur  in  the  decussation  at  the  lower  part  of  the  medulla. 

The  variations  indicated  above  receive  an  additional  interest  when  viewed  in  the  light 
of  comparative  anatomy.  It  would  appear  that  only  in  man  and  the  anthropoid  apes  is 
the  decussation  of  the  pyramids  in  the  lower  part  of  the  medulla  incomplete.  According 
to  Sherrington,  a  direct  pyramidal  tract  in  the  cord  of  the  anthropoid  apes  stands  in  con- 
nexion with  the  arm-centre  in  the  cerebral  cortex.  If  this  be  the  case  in  man  it  must  like- 
wise have  other  connexions  as  well,  seeing  that  it  is  carried  down  the  cord  for  a  considerable 
distance  beyond  the  level  of  the  cord-segments  which  give  motor  fibres  to  the  arm.  In 
the  lower  apes  a  direct  pyramidal  tract  does  not  seem  to  exist :  the  whole  pyramid  crosses 
over  to  the  opposite  side  of  the  cord  in  the  shape  of  the  crossed  pyramidal  tract 

As  we  have  noted,  the  decussating  pyramidal  bundles  pass  through  the  anterior 
horn  of  gray  matter  of  the  cord,  and  cut  it  into  two  portions  (Figs.  392  and  395). 
The  basal  part  remains  in  position  on  the  anterior  and  lateral  aspect  of  the  central 
canal,  and  forms  part  of  the  thick  layer  of  gray  matter  which  surrounds  it    The 
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detached  bead  of  the  anterior  horn  ia  set  free ;  and  from  the  lai^e  multipolar  cells 
which  lie  in  its  midst  some  of  the  fibres  of  the  anterior  root  of  the  first  cervical 
nerve,  and  also  some  of  the  root  fibres  of  the  spinal  accessory  nerve,  take  origin. 

On  proceeding  up  into  the  medulla  anothisr  effect  of  the  decussation  of  the 
pyramids  is  seen  in  the  submergence  from  the  surface  of  the  strand  of  fibres  which, 
in  the  anterior  column  of  the  cord,  lies  to  the  outer  side  of  the  direct  pyramidal 
tract,  and  which  receives  the  name  of  the  anterior  b^is-bundle.  "Wliile  the  decus- 
sation is  going  on  the  anterior  basis-bundle  is  thrust  aside,  and,  sinking  from  the 
surface,  it  takes  up  its 
position  as  a  flattened 
band -like   strand   on  nn 

the  outer  side  of  the 

gradually     increasing  Cu  " 

pyramid    (Fig.    393).  ■" 

When  the  decussation  q^^  „ 
is  completed,  this  ">""<' 
strand  ia  seen  to  lie  centni 
close   to   the  median 

plane  on    the   dorsal  "^ 

aspect  of  the  pyramid,  "*""„ 
where  it  is  separated 
from  its  fellow  of  the 
opposite  aide   by  the 

median    raphe    alone     ^    „„„    „  „  .  „ 

/f        ooi\         T       4.1,         ^°-  393.— Trans  VERS  K  Sbctios  tkrouoh  Lower  End  ov  tub  Mbddlla 

(Fig.   394).      In    the  „,.  ^  ^„i.l-timk  f«tus, 

upper  part  of  the  Treated  by  tlie  WBigert-Pal  method.  The  gray  mstter  ia  lilaiched  white,  «nd 
medulla  it  approaches  the  m«dulUted  tmeti  of  libres  are  black. 

still     nearer    to    the 

dorsal  surface  and  appears  to  form  the  greater  part  of  a  strand,  whith  is 
termed  tlie  posterior  longitadinal  bundle  (Figs.  397  and  398).  The  detached  Iiead 
of  the  anterior  horn  of  gray  matter  of  the  cord,  as  it  is  traced  upwards,  is  observed 
to  cling  closely  to  its  original  relationship  with  the  anterior  basis-bundle.  It  is 
applied  to  the  outer  side  of  this  strand,  and,  gradually  becoming  smaller,  finally 
disappears  at  the  level  of  the  lower  part  of  the  inferior  olivary  nucleus. 

Gmieate  and  Oracile  Strands,  with  their  Nuclei.- -As  the  funiculus  gracilis 
and  the  funicnluB  cuneatus  of  the  posterior  column  of  the  cord  are  traced  up 
into  the  medulla  they  seem  to  increase  in  bulk,  and  in  transverse  sections  they 
a&sume  the  form  of  massive  wedge-shaped  strands,  quite  distinct  from  ench  other. 
When  the  decussation  of  the  pyramids  is  fully  established  they  change  their  shape. 
They  increase  in  width  and  lose  considerably  in  depth,  and  consequently  the 
transverse  diameter  of  the  area  which  they  occupy  becomes  greater.  As  a  result 
of  this,  and  also  owing  to  the  removal  of  the  crossed  pyramidal  tract  from  the 
lateral  region  of  the  cord  immediately  iu  front,  tlie  posterior  liorn  of  gray  matter 
is  gradually  rotated  forwards  and  cornea  to  lie  transversely  and  in  the  same  straight 
line  with  its  fellow  of  the  opposite  side  (Figs.  S9S  and  395).  The  substantia 
gelatinosa  Rolandi,  at  the  same  time,  Iiecoines  increased  in  quantity  and  presents 
a  horseshoe- shaped  outline  in  transverse  section.  It  clasps  within  its  concavity  the 
somewhat  reduced  head  of  the  posterior  horn,  and  forms  with  it  a  conspicuous 
circular  mass  of  gray  matter  which  lies  close  to  the  surface,  and  produces  upon  it 
the  bulging  termed  the  funiculus  and  tubercle  of  Holando.  The  basal  portion  of 
the  posterior  horn  of  gray  matter  remains  upon  the  dorsal  and  lateral  aspect  of  the 
central  canal,  and  forms  a  portion  of  the  central  gray  mass  of  the  closed  ^wirt  of 
the  medulla ;  but  very  soon  the  neck  of  the  horn,  which  at  this  level  is  greatly 
reduced  owing  to  the  absence  of  entering  posterior  nerve-roots,  is  invaded  by 
bundles  of  fibres  which  traverse  it  in  different  directions  and  convert  it  into  a 
formatio  reticularis.  By  this  means  the  rounded  head  of  the  posterior  horn  becomes 
cut  eff  from  the  central  gray  matter,  and  from  this  poiut  upwards  it  remains  as 
an  isolated  gray  column  intimately  associated  with  the  spinal  root  of  the  trigeminal 
nerve. 
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The  gncile  and  ctmwto  snclei  take  shape  before  the  deouasation  of  the  pyrainiils 
is  fully  completed  (Fig.  395).  The  gncUa  nttcleoa  appears  in  the  form  of  a  small 
irregular  mass  of  gray  matter  in  the  interior  of  the  funiculus  gracilis,  which 


81. ). 

gradually  infUtrates  the  entire  strand.  At  first  it  is  not  directly  connected  with 
the  gray  matter  which  surrounds  the  central  canal ;  but  as  it  is  traced  upwards 
it  increases  in  bulk,  absorbs  more  uf  the  strand  in  which  it  lies,  and  such  a  con- 
nexion becomes  established  (Figs.  393  and  394). 

The  cnneats  nncleus,  from  the  first,  is  a.  direct  offshoot  from  that  part  of  the  base 
GmciiB  nucleic  of  the  posterfor  horn  of  gray 

matter  which  ia  preserved  ae  a 
portion  of  the  central  gray  matw. 
wniicieui  In  transverse  section  it  is  seen  to 

rootofflftii  invade  the  funiculus  cuneatus 
^ntii gsuunou  upon  its  deep  aspect,  and  it 
eercbaiurijict  gradually  gTows  backwards  into 
d  pynmiiui  jjg  gubatance.  It  presents  a  very 
different  appearance  from  the 
ieci«nierior  gracilo  nucleuB,  becaiiee  throMj;h- 
gTEyim  ri  ^^j.  jjg  whole  length  the  gray 
id^' "  nucleus  and   the   fibres   of   the 

strand  are  separated  from  eaih 
other  by  a  sharp  line  of  demarca- 
tion. A  second  and  much  smaller 
mass  of  gray  matter  appears  in 
the  funiculus  cuneatus,  super- 
ficial to  the  main  nucleus,  soon  after  the  region  of  the  decussation  of  the  pyramids 
is  left.     This  is  termed  the  occesioiy  or  the  eztonud  cnitMts  nncleui  (Fig.  394). 

Gradually  the  fibres  of  the  gracile  and  cuneate  strands  become  absorbed  in  these 
nuclei.  As  the  gray  masses  gain  in  size  a  corresponding  diminution  in  the  number 
of  fibres  composing  the  corresponding  tracts  is  observed,  until,  at  the  level  of  the 
clava  and  cuneate  tubercles,  it  is  seen  that  these  eminences  are  composed  almost 
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eDtirelj  of  the  gray  nuclei,  covered  by  a  thin  skin  of  the  few  remaining  fibres  of 
the  two  stmnds  involved.     It  would  appear  that  no  fibres  belonging  to  the  funiculua 
gracilis  and  funiculus  cuneatus  get  beyond  these  nuclei     They  all  end  in  fine 
terminal  ramifications  around  the  cells  of  the  nuclei.     In  the  case  of  the  funiouluB 
cooeatUB  the  bundles 
of    fibres,    as    they 
pass   from  the  sur- 
face  iuto   the   sub- 
jacent gray  nucleus,    p 
are   very   distinctly 
seen    in    transverse 
sectdons  through  the 
medulla.  d 

When  the  med- 
ulla oblongata  opens 

up  into  the  fourth  , 

ventricle  the  gracile 
and  cuneate  nuclei 
are  pushed  outwards 
by  the  expanding 
ventricular  fioor,and 

hlip    imu-ilA    nnclftnH        ^"^  396.— TuANSTKaai  Skctios  thhodqb  TBI  ClosKd  Part  of  a  FoTiL 
tne    graClle     nucleus  MBDOLLA,    mliBDtATELT    ABOVB  THB   DSOOBSATION  of  THS   PmAMlM. 

soon     comes    to    an  T™U,1  by  Weigert-P.l  mthod. 

end;  but  the  cuneate 

nucleus  extends  upwards  for  a  short  distance  farther,  and  only  terminates  when 

the  restiform  body  begins  to  take  definite  shape  on  its  outer  aspect. 

Decussation  of  the  Fillet  (decuasatio  lemniscorum). — Immediately  above  the 
level  of  the  decussation  of  the  pyramids  another  decussation  of  fibres  in  the  median 
plane,  and  upon  the  dorsal  aspect  of  the  pyramids,  takes  place  in  the  substance  of 

the  medulla.  This 
is  termed  the  deciu- 
sation  of  tlie  fillet, 
or  the  sensory  de- 
ctuaation,  in  contra- 
distinction to  the 
*'™"  j^i    term  "  motor  decuB- 

FHOeDiw  sation,"    which    is 

^^  ki     sometimes    applied 

to   the  decussation 
^*  >i     of    the    pyramids. 

^^■"  .     The     fibres    which 

Hipoi)  "     take  pai-t    in    this 

decussation     are 

^aiai„  oalled  deep  arcuate 

•"  fibres  (fibrjB  arcuatse 

interuie),  and  they 
'"**  are    derived     from 

the     cells    of    the 
X  gracile  and  cuneate 

nuclei.      From  the 

deep  aspects  of  these 

™    nuclei  these   fibres 

stream  forwards  and 

p,    _„- „  „  .,  inwards  towards  the 

LowBB  Olivast  RioioM.  median  raphe,  lorm- 

ing  a  series  of  con- 
centric curves  in  the  substance  of  the  medulla.  They  cross  the  mesial  plane 
and  decussate  with  the  corresponding  fibres  of  the  opposite  side,  upon  the  dorsal 
aspect  of  the  pyramids.     Having  thus  gained  the  opposite  side  of  the  medulla  they 
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immediately  turu  upwards  and  form  a  conspicuous  strand  of  longitudinal  fibres, 
which  ascends  close  to  the  mesial  plane  and  is  separated  from  its  fellow  of  the 
opposite  side  by  the  median  raphe  alone.  This  strand  is  termed  the  fillet  or 
lemniscus. 

As  we  proceed  up  the  medulla  the  deep  arcuate  fibres  which  first  come  into  sight 
appear  as  coarse  bundles  which  curve  forwards  in  a  narrow  group  around  the  central  gray 
matter  (Figs.  394  and  396).  Soon  other  finer  bundles  appear,  which  describe  wider  curves 
on  the  outer  side  of  the  coarser  group  until  a  very  large  part  of  each  lateral  half  of  tlie 
medulla  is  seen  to  be  traversed  by  these  arcuate  fasciculi  (Fig.  397).  As  tliey  approach 
the  mesial  plane  they  come  in  contact  with  the  remains  of  the  anterior  basis-bundle, 
which  at  this  level,  as  already  mentioned,  lies  upon  the  dorsal  aspect  of  the  pyramid, 
flattened  up  against  the  raphe.  The  deep  arcuate  fibres  pierce  the  anterior  basis-bundle 
obliquely,  and  in  the  interval  between  it  and  the  corresponding  strand  of  the  opposite  side 
they  decussate  in  the  middle  line  with  the  deep  arcuate  fibres  of  the  opposite  side.  They 
then  change  their  direction  and  turn  upwards,  and  the  fillet,  as  already  stated,  takes 
form  and  gmdually  increases  in  volume  as  it  ascends.  This  great  and  important  tract  is 
thus  laid  down  between  the  pyramid  and  the  anterior  basis-bundle ;  aud  the  consequence 
of  this  is  that  the  latter  tract  is  pushed  still  farther  backwards,  and,  when  the  fillet  is 
fully  established,  it  comes  to  lie  immediately  beneath  the  gray  matter  of  the  floor  of  the 
fourth  ventricle  (Fig.  398). 

It  is  important  that  we  should  realise  at  this  stage  the  fidl  significance  of  the  decussation 
of  the  fillet  and  have  a  clear  conception  of  the  connexions  of  the  fibres  which  take  part  in  it. 
The  columns  of  Burdach  and  Gk)ll,  which  end  in  the  cuueate  and  gracile  nuclei,  are  derived  from 
the  posterior  roots  of  the  spinal  nerves.  The  fillet  fibres  therefore  carry  on  the  continuity  of  the 
posterior  columns  of  the  cord,  the  gracile  and  cuneate  nuclei,  which  are  thrown  across  their  path 
in  the  lower  part  of  the  medulla,  merely  constituting  an  intemodal  interruption.  At  this  iwint 
the  fillet  strand  is  transferred  to  the  opposite  side  of  the  medulla.  But  it  will  be  rememr^eneti 
that  a  large  proportion  of  the  fibi-es  of  the  entering  posterior  nerve-roots  of  the  spinal  nerves  t-ud 
in  connexion  with  the  cells  of  the  posterior  horn  of  gray  matter  of  the  cord.  It  must  not  be 
supposed  that  the  path  represented  by  these  latter  fibi-es  comes  to  a  termination  thereby ;  from 
these  posterior  horn  cells  other  fibres  arise  which  cross  to  the  opposite  side  of  the  cord  in  the 
anterior  white  commissure  and  proceed  up  the  cord  to  the  lateral  part  of  the  medulla.  Tlit^e 
fibres  constitute  the  spino-thalamic  tract  already  referred  to.  The  practical  bearing  of  tliii»  is 
that  owing  to  the  crossing  of  the  fillet  and  lower  down  of  the  spino-thalamic  tract  unilateral 
lesions  of  the  medulla  are  apt  to  produce  complete  bemi-anoesthesia ;  whilst  unilateral  le-sions  of 
the  cord  produce  only  partial  hemi-anaesthesia. 

When  the  fillet  is  fuUy  formed  three  longitudinal  strands  are  observed  travers- 
ing the  medulla,  close  to  the  mesial  plane.  From  before  backwards  these  are:  (1) 
the  pyramid,  (2)  the  fillet,  and  (3)  the  posterior  longitudinal  bundle. 

The  pyramid  forms  a  massive  tract  in  front  of  and  quite  distinct  from  the 
fillet.  The  fillet  and  the  posterior  longitudinal  bundle  are,  in  the  first  instance, 
not  marked  off  from  each  other.  They  appear  as  a  broad  flattened  band  appUed 
to  the  raphe.  One  edge  of  this  band  is  directed  backwards  and  reaches  the  gray 
matter  on  the  floor  of  the  fourth  ventricle,  while  the  other  edge  looks  forwards, 
and  is  in  contact  with  the  pyramid.  In  the  upper  part  of  the  medulla  the  fillet 
and  the  posterior  longitudinal  fasciculus  begin  to  draw  asunder  from  each  other. 
The  intermediate  longitudinal  fibres  become  reduced  in  number  and  the  two 
strands  grow  denser — the  one  on  the  dorsal  aspect  of  pyramid,  and  the  other 
immediately  beneath  the  gray  matter  of  the  floor  of  the  fourth  ventricle  (Fig.  398\ 

The  posterior  longitudinal  bundle  (fasciculus  longitudinalis  medialis)  ia  thus 
largely  formed  out  of  fibres,  which  in  the  cord  constitute  the  anterior  basis-bundle. 
These  fibres  are  thrust  back  by  the  two  decussations :  the  first  decussation  pusliini: 
them  behind  the  pyramids,  and  the  second  decussation  displacing  them  still  farther 
backwards  to  a  position  behind  the  fillet. 

Olivary  Nuclei. — The  most  conspicuous  of  the  isolated  clumps  of  gray  matter 
in  the  medulla  are  the  inferior  olivary  nucleus  and  the  two  accessory  olivar}* 
nuclei.  The  inferior  olivary  nucleus  (nucleus  olivaris  inferior)  lies  subjacent  to  the 
olivary  eminence,  and  constitutes  a  very  striking  object  in  transverse  sections 
through  this  region.  It  presents  the  appearance  of  a  thick  wavy  or  undulating  lint' 
of  gray  matter,  folded  on  itself,  so  as  to  enclose  a  space  filled  with  white  matter. 
It  is  in  reality  a  crumpled  lamina  arranged  in  a  purse-like  manner,  with  an  r>jien 
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mouth  or  sUt,  which  ie  called  the  hilnm  (hilum  nuclei  olivariB).  directed  towards  the 
mesial  plane.     The  hilum  does  not  reach  either  extremity,  so  that  in  transverse 


FlO.  SBe.— TkASSVKKSB  SBCTIOM  THBOCOH  the   MTDDLI  OV  the   OLIVAKT    RBOWB  of  the   MUMAtJ   MBDDIJ.A 
OB   BDLB. 

The  floor  of  the  fourth  ventricle  in  i 

sections  through  each  end  of  the  nucleus  the  gray  lamina  is  seen  in  the  form  of  a 
completely  closed  capsule.  Into  and  out  of  the  open  mouth  of  the  olivary  capsule 
streams  a  dense  crowd  of  fibres.     These  constitute  what  is  called    the   oUTary 

peduncle. 

The  acceBflory  olivary 
nuclei  are  two  band-like 
lamince  of  gray  matter,  which 
are  respectively  placed  on  the 
dorsal  and  mesial  aspects  of 
the  main  nucleus.  In  trans- 
verse section  each  of  these 
nuclei  presents  a  rod  -  like 
appearance  (Fig.  398). 

The  mesial  accessory  oli- 
vary nucleofl  (nucleuB  olivaria 
accessorius  mesial  is)  extends 
lower  down  iu  the  medulla  than 
the  roaiii  nucleus,  and  it  ia  much 
rio.  3»9.— Thb  Isvkhioh  Olivaky  Nccleob,  ae  reconBlnittwl  uid  larger  in  its  lower  than  its  upper 
figured  bf  Mias  Florence  R  Sabiu.  part.       It    begins    immediately 

View  of  the  dorso-latenil  and  lateral  surfMes.  above    the    decussation    of    the 

pyramida,  wliere  it  is  seen  lying 
ou  the  outer  side  of  the  pyramidal  tract  and  the  anterior  basis-biuidle  (Figs.  394  and  396). 
Higher  up  it  lies  across  the  mouth  of  the  main  micleus  and  on  the  onter  side  of  tlie  lillet 
The  dorsal  accessory  olivary  nucleus  (nucleus  olivaris  accessorius  dorsalis)  is  placed 
close  to  the  dorsal  aspect  of  the  main  nucleus.  The  two  accessory  nuclei  fuse  together 
before  they  finally  disappear. 

The  gray  matter  forming  the  three  inferior  olivary  nuclei  consistfl  of  a  close  feltwork 
of  neurc^lia  in  which  are  Interspersed  numerous  small  round  cells,  each  of  which  is 
provided  with  one  axon  and  numerous  dendrites.     It  is  traversed  by  fibres,  some  of  which 
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pass  Blraiglit  through  the  gray  lamina,  whilst  others  end  in  eoniie):ion  with  the  cells.  It 
ia  only  in  man  and  the  higher  apes  that  the  inferior  olivary  nuclei  are  found  strongly 
developed.  In  other  mammals  they  are  much  smaller.  The  size  of  the  olive  appears  to 
be  correlated  with  that  of  the  lateral  hemisphere  of  the  cerebellum  and  not  in  any  way  to 
be  dependent  on  the  development  of  the  cerebral  hemisphere.  Thus  in  cctacea  with  a 
very  extensive  cerebral  cortex  the  inferior  olivary  nuclei  are  small  (Edinger). 

Ab  the  fibres  of  the  fillet  decussate  and  assume  a  longitudinal  directioa  they 

■onroiw  come  to   lie   between    the   olivary  nuclei  of 

opposite    sides,  and    hence    the   term  inter- 

olivary  stntum    (stratum    interolivare    lem- 

nisci)  is  frequently  applied  to  theni. 

Beatifona   Body   (corpus   restifurme). — 

The  gracile  and  cuneate  nuclei  gradually  give 

place  to  the  restiform  body  in  the  upper  part 

of  the  posterior  district  of  the  medulla.    Fibres 

from  various  quarters  converge  to  fonu  this 

great  strand.     It  first  takes  shape  as  a  thin 

superficial  layer  of  longitudinal  fibres,  which 

are  gathered  together  on  the  outside  of  the 

cuneate  nucleus;  but  after  that  nucleus  lias 

come  to  an  end,  and  as  the  upper  jKirt  of  the 

medulla   is   reached,   the   restiform    body   is 

seen  to    have   grown  into  a  massive  strand, 

Ki,;.  4O0.-Di*«siii.  ^.jjjpjj  presents  a  kidney-shaped  or  oval  out- 

vvTiioh .hows .opart  the  ebreswhich^wriiun  Ung   ^^^   trausversc   Section    (Fig.    398),  and 

the  cooMlitution  of  the  restiform  body.  i  -   i        i   ■  i  ,  i  -  ■ 

which   ultmiately  enters   the   white   central 

core  of  the  cerebellum  as  its  inferior  peduncle.     The  fibres  which  build  up  the 

restiform  body  are  the  following:  (1)  the  direct  cerebellar  tract;  (2)  the  posterior 

superficial  arcuate   fibres;    (3)   the   anterior  superficial   arcuate  fibres;    and   (4^ 

cerebello-olivaiy  fibres. 

The  diract  cerebellar  tract  extends  upwards  from  the  lateral  column  of  the  cord. 
Til    the   lateral  district   of  the  „   ,   , 

,     ,,         ..  .       .,  FuBinilm  glKilU 

medulla   it  occupies   a   similar  u 

position  ;  but  before  the  olivary  Fumtuiu.  tuiimiu, 
eminence  is  reached  it  inclines  subttanti.  gfintinoM 
backwards,  crosses  the  postero-  HiiUinrti 

lateral  furrow  and  passes  ob-  tn 'tl.'i^  ™r.^' 
liqiiely  upwards  into  the  resti-  mrfcu-fn'bpiii.i 
form  body.     As  its  fibres  diverge,  '™" 

l.»ackward3   they  pass   over  the      crtuwii  pj TBmid«j 
tubercule  of  Eolando  and  cover 
up  the  spinal  root  of  the  tri- 
geminal nerve  and  the  substantia 
llolandi,  thus  shutting  them  out 

from   the   surface.      The    fibres  ^ __  ■*' 

of   the   direct    cerebellar    tract  Dfiiciiednitrhorhornofgmvinaiwr 

in  the  first  instance  enter  into        F'«-  40i.— hectiok  thhciuor  thb  jusctios  between 

the  outer  or  superficial  part  of  ^'"=  ^■^"'"  "">  ""^"■'^  <"'  ™"  ***"""■ 

the  restiform  body.  '^'^  '""'=*  '^'^^"'^  "^t "  »■«"  "*"■  "peouny  on  the  righ.  -.,i.. 

Bruce  has  ehowu  that  ibt-  fibres  of  the  direct  tcrelte 
natifonti  Itody,  forming  as  it  were  ita  central  core,  and 
til  the  fiupiTior  vermie. 

The  posterior  superficial  arcnate  fibres  take  origin  from  the  gracile  and  cuneate 
nuclei,  and  enter  the  superficial  part  of  the  restifonn  body  of  the  same  side. 

The  anterior  anperfidal  arcuate  fibres  proceed  from  the  lower  portions  of  the 
gracile  and  cuneate  nuclei  of  the  opposite  side.  After  decusaating  in  the  middle 
line,  it  can  easily  be  detennined  that  alt  the  deep  arcuate  fibres  which  arise  from 
these  nuclei  do  not  enter  the  fillet.  A  large  proportion  of  them  gain  the  surface  by 
sweeping  round  the  inner  aspect  of  the  pyramid  in  the  antero-nieaial  fissure.     Maoy 
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of  them  likewise  gain  the  surface  by  piercing  the  pyramid  or  by  passing  out 
between  it  and  the  olive.  These  fibres  constitute  the  anterior  superficial  arcuate 
group,  and  on  the  surface  of  the  medulla  they  sweep  backwards  around  it,  forming 
a  thin  layer  over  the  olivary  eminence  and  ultimately  reaching  the  restiform  body. 
The  anterior  superficial  arcuate  fibres,  as  well  as  the  direct  cerebellar  tract-fibres, 
cover  over  the  trigeminal  spinal  root,  which  thus  comes  to  take  up  a  deeper  posi- 
tion in  the  substance  of  the  medulla  (Figs.  397  and  398). 

Amongst  the  fibres  which  reach  the  surface  of  the  medulla  in  this  way  KolLiker  includes 
fibres  from  the  strin  acusticsB.  If  this  be  the  case,  these  fibres  connect  the  cochlear  nucleus 
with  the  cerebellum,  the  path  being  striaa  acustic«,  superficial  arcuate  fibres,  and  restiform 
body  (vide  p.  522]. 

^e  fibres  of  the  direct  cerebellar  tract,  which  come  from  the  cells  of  the  posterior  vesicular 
column  of  the  cord,  and  the  superficial  posterior  arcuate  fibres,  which  are  derived  from  the  cells 
of  the  gracile  and  cuneate  nuclei,  do  not  cross  the  mesial  plane,  but  enter  the  restiform  body  of 
the  same  side.  The  anterior  superficial  arcuate  fibres  arise  from  the  cells  of  the  cuneate  and 
gracile  nuclei,  and  cross  the  mesial  plane  so  as  to  gain  the  restiform  body  of  the  opposite  side. 

The  cerebello-olivary  fibres  are  only  seen  in  the  upper  part  of  the  medulla.     They 
form  the  deep  part  of  the  restiform  body  and  constitute  its  chief  bulk.     Streaming 
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Fio.  402. — Diagram  of  thb  CBREBELLO-OLiyART  Fibres. 
(This  diagram  has  been  constructed  from  the  specimen  figured  on  p.  495.) 
N.X.,  VagO'glossopharyngeal  nucleus.  N.XIL,  Hypoglossal  nucleus. 

out  from  the  hilum  of  the  inferior  olivary  nucleus,  they  cross  the  mesial  plane,  and 
in  the  opposite  side  of  the  medulla  they  either  pass  through  the  inferior  olivary 
nucleus  of  that  side  or  sweep  around  it.  Ultimately,  on  the  dorsal  aspect  of  the 
ohvary  nucleus,  they  are  gathered  together  in  the  form  of  a  conspicuous  group  of 
arcuate  fibres,  which  curve  backwards  to  take  up  a  position  in  the  deep  part  of  the 
restiform  body.  In  passing  back,  they  traverse  the  spinal  root  of  the  trigeminal 
nerve  and  break  it  up  into  several  separate  bundles.  The  cerebello-olivary  fibres 
thus  connect  the  inferior  olivary  nucleus  of  one  side  with  the  opposite  side  of  the 
cerebellum. 

Although  we  have  traced  the  cerebello-oliyary  tract  in  an  upward  direction  from  the  olive  to 
the  cerebellum,  and  have  thus  inferred  that  it  is  composed  of  fiores  which  proceed  from  the  cells 
of  the  inferior  olivary  nucleus  of  the  opposite  side,  it  is  right  to  state  that  this  view  is  not  uni- 
versally accepted.  There  are  some  who  regard  these  fibi-es  as  constituting  an  efferent  tract  from 
the  cerebellum,  or,  in  other  words,  as  arising  in  the  cerebellar  cortex  (probably  as  the  axons  of 
the  cells  of  PurkinjeX  and  descending  in  the  inferior  cerebellar  peduncle  to  establish  connexions 
with  the  cells  of  the  inferior  olivary  nucleus  of  the  opposite  side.     If  this  view  be  correct,  the 

36 
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destination  of  the  axons  of  the  cells  of  the  inferior  olivary  nucleus  becomes  a  difficulty,  but 
Kolliker  considers  that  they  enter  the  lateral  column  of  the  cord. 

Arcuate  Nucleus  (nucleus  arouatus). — Immediately  above  the  decussation  uf 
the  pyramids,  a  small  flattened  mass  of  gray  matter,  covered  by  superficial  arcuate 
fibres,  makes  its  appearance  on  the  ventral  or  superficial  aspect  of  the  pyramid 
(Fig.  393).  At  a  higher  level,  when  the  open  part  of  the  medulla  is  reached,  this 
gray  mass  shifts  its  position  and  comes  to  lie  upon  the  mesial  aspect  of  the 
pyramid,  and  thus  constitutes  the  immediate  boundary  of  the  antero- median 
fissure  (Fig.  398).  From  its  intimate  connexion  with  the  anterior  superficial 
arcuate  fibres,  as  they  sweep  out  from  the  antero-median  fissure,  it  receives  the 
name  of  the  arcuate  nucleus. 

The  nerve-cells  which  lie  in  its  midst  are  smaller  than  those  of  the  inferior  olivarjr  nucleus, 
and  are  fusiform  in  shape.  It  would  appear  that  large  numbers  of  the  anterior  superficial  arcuate 
fibres  end  in  this  nucleus,  whilst  others  take  origin  within  it  Many  of  the  anterior  arcuate 
fibres,  however,  sweep  continuously  over  its  surface  and  bind  it  down  to  the  pyramid.  At  the 
upper  end  of  the  medulla  the  arcuate  nucleus  increases  in  size,  and  ultimately  it  becomes  con- 
tinuous with  the  gray  matter  of  the  ventral  part  of  the  pons. 

Formatio  Reticularis. — Behind  the  olive  and  the  pyramid  is  the  formatio 
reticularis.  In  the  medulla  it  occupies  a  position  which,  to  a  large  extent,  corre- 
sponds with  that  of  the  lateral  column  in  the  spinal  cord.  In  transverse  section  it 
appears  as  an  extensive  area,  which  is  divided  into  a  lateral  and  a  mesial  field  by 
the  root  fascicles  of  the  hypoglossal  nerve  as  they  traverse  the  substance  of  the 
medulla  to  reach  the  surface.  In  the  lateral  portion  which  lies  behind  the  olive 
there  is  a  considerable  quantity  of  gray  matter,  continuous  with  that  in  the  cord, 
present  in  the  reticular  formation ;  it  is,  therefore,  called  the  formatio  zetieulanB 
giisea.  In  the  mesial  part  which  lies  behind  the  pyramid  the  gray  matter  is 
extremely  scanty,  and  the  reticular  matter  here  is  termed  the  formatio  reticularis 

In  the  formatio  griaea  manv  of  the  cells  which  are  scattered  thickly  amongst  the  intersecting 
bundles  of  fibres  are  to  be  regaraed  as  association  cells.  They  possess  short  axons,  which  serve  to  binn 
different  levels  of  the  medulla  to  each  other,  and  therefore  constitute  association  fibres.  Probably 
the  combined  and  harmonious  activity  exhibited  by  the  nuclei  of  the  vagus,  facial  and  phrenic 
nerves  in  the  process  of  respiration,  is  attained  through  the  nuclear  connexions  establianed  by 
these  fibres  rEdinger).  Certain  compact  masses  of  gray  matter  are  also  seen  in  the  formatio 
grisea  Of  tnese  may  be  mentioned  (a)  the  dorsal  accessory  olivary  nucleus,  which  has  been 
already  described,  and  (h)  the  nucleus  lateralis.  The  nacleos  lateralis  is  seen  in  the  region 
between  the  olive  and  the  substantia  gelatinosa  Rolandi.  In  the  upper  part  of  the  medulla  ii 
gradually  becomes  diffuse  and  disappears. 

Except  in  the  immediate  vicinity  of  the  raphe,  the  fonnatio  alba  may  be  said  to  be  devoid  of 
cells.  Tne  mesial  accessory  olive,  however,  forms  an  isolated  compact  mass  of  gray  matter  within 
its  limits. 

The  nerve  fibres  which  traverse  the  formatio  reticularis  run  both  in  a  transverae 
and  a  longitudinal  direction.  The  transverse  fibres  are  the  deep  arcuate  fibres. 
The  longitudinal  fibres  are  derived  from  different  sources  in  the  two  fields.  In  the 
formatio  grisea  they  represent  to  a  large  extent  the  fibres  of  the  lateral  column  of 
the  cord,  after  the  removal  of  the  direct  cerebellar  and  the  crossed  pyramidal  tracts. 
They  consist,  therefore,  of  the  fibres  of  the  tract  of  Gowers  and  of  fibres  correspond- 
ing to  the  lateral  basis-bundle  of  the  cord.  In  the  formatio  alba  the  longitudinal 
fibres  are  the  tract  of  the  fillet  and  the  posterior  longitudinal  bundle,  both  of  which 
have  already  been  sufficiently  described. 

Central  Oanal  and  the  Gray  Matter  which  surrounds  it — The  central  canal, 
as  it  proceeds  upwards  through  the  closed  part  of  the  medulla,  is  gradually  forced 
to  assume  a  more  dorsal  position,  owing  to  the  accumulation  of  fibres  on  its  ventral 
aspect.  First  the  decussation  of  the  pyramids,  and  then  the  decussation  of  the 
fillet,  both  of  which  take  place  in  front  of  the  canal,  tend  to  push  it  backwards ; 
and  the  formation  of  the  longitudinal  strands  in  which  these  intercroesings  result 
(viz.  the  pyramid  and  the  fiflet),  together  with  the  continuation  upwards  of  the 
anterior  basis -bundle,  lead  to  a  great  increase  in  the  amount  of  tissue  which 
separates  it  from  the  anterior  surface  of  the  medulla.  In  the  closed  part  of  the 
medulla  it  is  surrounded  by  a  thick  layer  of  gray  matter,  which  is  continuous  with 
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the  basal  portions  of  the  anterior  and  posterior  horns  of  gray  matter  in  the  cord. 
This  central  gray  matter  is  sharply  defined  on  each  side  by  the  deep  arcuate  fibres 
which  curve  forwcurds  and  inwards  around  itw  Finally,  the  central  canal  opens  on 
the  dorsal  aspect  of  the  medulla  into  the  cavity  of  the  fourth  ventricle.  The 
central  mass  of  gray  matter  which  surrounds  the  canal  in  the  closed  part  of  the 
medulla  is  now  spread  out  in  a  thick  layer  on  the  floor  of  the  fourth  ventricle,  and 
in  such  a  manner  that  the  portion  which  corresponds  to  the  bsisal  part  of  the 
anterior  horn  of  the  cord  is  situated  close  to  the  mesial  plane,  whilst  the  part  which 
represents  the  base  of  the  posterior  horn  occupies  a  more  lateral  position.  This  is 
important,  because  the  nucleus  of  origin  of  the  motor  hypoglossal  nerve  is  placed 
in  the  mesial  part  of  the  floor,  whilst  the  nuclei  of  termination  of  the  afferent  fibres 
of  the  vagus,  glosso-pharyngeal,  and  auditory  nerves  lie  in  the  lateral  part  of  the 
floor.    The  gray  matter  of  the  ventricular  floor  is  covered  by  ependyma. 

Three  Areas  of  Flechsig. — In  tranfiverse  sections,  through  the  upper  open  part  of  the 
medulla,  the  root  fibres  of  the  h^]poglo6sal  and  vagus  nerves  are  seen  traversing  the  substance  of 
the  medulla.  The  nucleus  of  origin  of  the  hypoglossal  is  placed  in  the  gray  matter  of  the  floor 
of  the  fourth  ventricle  close  to  the  mesial  plane ;  the  nucleus  of  the  vagus  is  situated  in  the 

fray  matter  of  the  ventricular  floor  immediately  to  the  outer  side  of  the  hypoglossal  nucleus, 
rom  these  nuclei  the  root-bundles  of  the  two  nerves  diverge  from  each  other  as  they  are  traced 
to  the  surface  and  subdivide  the  substance  of  the  medulla,  as  seen  in  transverse  section,  into  the 
three  areas  of  Flechsig,  viz.  an  anterior,  a  lateral,  and  a  posterior. 

The  anterior  aiea^  which  is  bounded  internally  by  tne  median  raphe  and  externally  by  the 
hypoglossal  roots,  presents  within  its  limits :  (a)  the  formatio  alba ;  (h)  the  pyramid ;  (c)  the 
fillet ;  (d)  the  posterior  longitudinal  fasciculus ;  («)  the  mesial  accessory  olivary  nucleus ;  (/)  the 
arcuate  nucleus. 

The  lateral  area  lies  between  the  foot  fibres  of  the  hypoglossal  and  those  of  the  vagus.  It 
contains :  (a)  the  inferior  olivary  nucleus ;  (h)  the  dorsal  accessory  olivary  nucleus ;  (c)  the  nucleus 
lateraUs ;  (d)  the  nucleus  ambiguus,  or  the  motor  nucleus  of  tne  vagus  and  glosso-pharyngeal 
nerves ;  (e)  the  formatio  reticularis  grisea. 

The  posterior  area  is  situated  behind  the  vagus  roots,  and  within  its  limits  are  seen :  (1)  the 
restiform  body ;  (2)  the  upper  part  of  the  cuneate  nucleus ;  (3)  to  the  inner  side  of  this  a  crowd 
of  transversely-cut  bundles  of  fibres,  loosely  arranged  and  forming  the  descending  root  of  the 
vestibular  part  of  the  auditory  nerve ;  (4)  close  to  these,  but  placed  more  deeplv,  a  round,  com- 
pact, and  very  conspicuous  bundle  of  transversely- cut  fibres,  viz.  the  fasciculus  solitarius,  or 
descending  root  of  the  vagus  and  glosso-pharyngeal  nerves ;  (5)  the  substantia  gelatinosa  Rolandi, 
much  reduced,  with  the  large  spinal  root  of  the  trigeminal  nerve  close  to  its  outer  side. 
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When  transverse  sections  are  made  through  the  pons,  it  is  seen  to  be  composed 
of  a  ventral  part  and  a  dorsal  or  tegmental  part.  The  ventral  part  is  much  the 
larger  of  the  two,  and,  broadly  speaking,  it  corresponds  to  the  pyramidal  portions 
of  the  medulla  and  the  pedal  portions  of  the  two  crura  cerebri,  which  lie  above  it  and 
appear  to  issue  from  it.  The  dorsal  tegmental  part  may  be  regarded  as  the  con- 
tinuation upwards  of  the  formatio  reticularis  grisea  and  the  formatio  reticularis 
alba.  As  these  parts  are  traced  upwards  into  the  pons  they  become  much  modified, 
and  new  constituents  are  added. 

Ventral  Part  of  the  Pons  (pars  basilaris  pontis). — This  constitutes  the  chief 
bulk  of  the  pons.  It  is  composed  of:  (1)  transverse  fibres  arranged  in  coarse 
bundles ;  (2)  longitudinal  fibres,  gathered  together  in  massive  bundles ;  and  (3)  a 
large  amount  of  gray  matter,  termed  the  nnclens  pontis,  which  fills  up  the  inter- 
stices between  the  intersecting  bundles  of  fibre& 

The  longitudinal  fibres,  to  a  large  extent,  consist  of  the  same  fibres  which,  lower 
down,  are  gathered  together  in  the  two  solid  pyramidal  tracts  of  the  medulla. 
When  the  pyramids  are  traced  upwards  they  are  seen  to  enter  the  pons  in  the 
form  of  two  compact  bundlea  Soon,  however,  they  become  broken  up  into 
smaller  bundles  by  the  transverse  fibres  of  the  pons,  and  are  spread  out  over  a 
wider  area.  At  the  upper  border  of  the  pons  they  again  come  together  and  form 
two  solid  strands,  each  of  which  is  carried  into  the  central  part  of  the  correspond- 
ing pedal  portion  of  the  crus  cerebri. 

The  trangyerse  fibres  at  the  lower  border  of  the  pons  are  placed  on  the  super- 
ficial or  ventral  aspect  of  the  pyramidal  bundlea  As  we  proceed  upwards  they 
increase  in  number,  and  many  are  seen  breaking  through  the  pyramids  and  even 


500  THE  NERVOUS  SYSTEM. 

paasing  acroas  upoD  the  dorsal  aspect  of  the  latter.  Laterally  these  transveise 
fibres  are  collected  together  into  one  oompact  mass,  which  enters  the  white  central 
core  of  the  cerebellum  and  constitutes  the  middle  cerebellar  podnncle.  At  the 
mesial  plane  the  transverse  fibres  of  the  two  sides  of  the  ventral  portion  of  the 
pons  intercross  and  form  a  coarse  decussation. 

The  gray  nutter  (the  nucleus  pontis)  forma  a  considerable  part  of  the  hulk  of 
the  ventral  portion  of  the  pons.  It  ia  packed  into  the  intervals  between  the  inter- 
secting transverse  and  longitudinal  bundles. 

There  is  a  close  analogy  between  the  pyramidal  portiona  of  the  medulla  and  the  veutral 
part  of  the  pons.  In  the  medulla  tine  arcuate  fibres  on  their  way  to  the  surface  pass  through 
the  pyramids.  Other  superficial  arcuate  fibres  aweepover  the  surface  of  the  pyramids.  Theae 
present  a  strong  resemblance  to  the  transverse  fibres  of  the  pons.  They  likewise  reacti 
the  cerebellum,  although  by  a  different  route,  viz.  the  interior  cerebellar  peduncle.  The 
nucleus  pontis  is  also  represented  in  the  pyramidal  part  of  the  medulla  by  the  arcuate 


TTmnftVBiK  Dbna  or  poui 
Fiu.  403. — Sccnqir  tbbodoh  tbe  Lowih  Paht  of  rat  Hdhan  Post  Vabolu  immcdutilt  abo\'i 

nuclei,  which  are  covered  over  by  the  superficial  arcuate  fibres,  and  even  tend  to  penetrate, 
to  a  slight  extent,  into  the  pyramidal  tracts.  These  arcuate  uuclei,  as  already  pointed  oui. 
are  continuous  with  the  nucleus  poutis. 

Connexions  of  tbe  Loag:itudina]  and  Transverse  Fibres.— Our  knowledge  .■[' 
the  Gonueiioua  of  the  longitudinal  and  transverse  fibres  of  the  ventral  part  of  the  pons  i- 
very  far  from  being  complete.  When  a  transverse  section  through  the  upper  part  of  the 
pouH  is  compared  with  one  close  to  its  lower  border,  it  becomes  at  once  apparent  that  the 
numerous  scattered  bundles  of  longitudinal  fibres  which  enter  the  ventral  part  of  the  pou- 
from  above,  if  brought  together  into  one  ttuct,  Would  form  a  strand  very  nmch  larger  thau 
the  two  pyramids  which  leave  Ite  lower  aspect  and  enter  tbe  medulla.  It  is  clear,  ther^ 
fore,  that  many  of  the  longitudinal  fibres  which  pass  iuto  the  pons  from  above  do  not  paw 


INTERNAL  STRUCTURE  OF  THE  PONS  VAROLII.  501 

out  from  it  below  into  the  medulla.  Wbat  becomes  of  these  fibres  that  are  thus  absorbed  in 
the  ponsi  It  is  knowD  that  the  pyramidal  bundles  Buffer  a  small  loss  by  the  fibres  which 
tbej  send  to  the  nuclei  of  origiu  of  the  efferetut  nerves  which  ariae  within  the  pons  (viz.  the 
motor  root  of  the  fifth,  the  sixth,  and  seventh  nerve  nuclei) ;  but  this  loss  is,  comparatively 
speaking,  trifling.  It  is  clear,  therefore,  that  other  longitudinal  bundles  enter  the  pons 
from  above  than  those  which  form  the  pyramidal  tracts.  These  bundles  occupy  a  lateral 
and  dorsal  position  in  the  ventral  part  of  the  [Mns,  and  may  be  termed  the  cortico-pontine 
fibrBB,  seeing  that  they  come  from  the  cerebral  corte:(  and  end  in  fine  ramifications  around 
the  cells  of  the  nucleus  pontis. 

The  transverse  fibres  are  of  two  kinds,  viz. :  (I)  those  which  ariae  in  the  cortei  of  the 
cerebellum ;  and  (2)  those  which 
take  origin  in  the  nucleus  pontis. 
Tbe  former  are  the  axons  of  certain 
of  tbe  cells  of  the  cortei  of  the  cere- 
bellum (oeUs  of  Purkinje).  They 
oome  chiefly  from  the  lateral  hemi- 
sphere, but  also  to  some  extent  from 
the  median  lobe  of  the  cerebelhim, 
and  enter  the  pons  by  the  middle 
peduncle.  They  end  in  fine  rami- 
fications around  the  cells  of  the 
nucleus  pontis,  some  on  the  same 
side  as  the  peduncle  through  which  p, 
they  reach  the  pons,  hut  the  majority  ' 
in  the  gray  matter  of  the  opposite 

The  trausverse  fibres  which  arise 
Id  tbe  pons  take  origin  as  axons  of 
tbe  cells  of  the  nucleus  pontis. 
Crossing  the  mesial  plane,  they  enter 
the  middle  peduncle  of  the  opposite 
Bide,  and  thus  reaeh  the  cerebellar 
cortex,  where  they  end  in  ramifica- 
tioDB  round  certain  of  the  cortical 
cells.  The  middle  peduncle  thus 
contains  both  efferent  and  afferent 
cerebellar  fibres,  and  no  fibres  pass 
continuously  through  the  pons  from 
one  middle  peduncle  into  the  other. 
In  opposition  to  this  view,  KlimofF 
and  others  hold  that  the  middle 
peduncle  is  composed  solely  of  centri- 
petal or  afferent  fibres,  which  pass 
from  the  nucleus  pontis  to  the  cere- 
bellum. Some  of  these  fibres  are  Po>it*rinr  vrniFuiac 
crossed  and  others  direct                                                   column  of  ™iia 

Certain  of  the  transverse  fibres  Piu.  404.  —  DuuttAu  to  shoit  conkezions  ok  tbs  Direct 
of   the    pons    turn    backwards    and  CBHssiLLiR  and  thb  Olivo-Cbbebellah  Thacts.      The 

enter  the  dorsal  or  tegmental   part  co.m.xions  of  th«  fibre...  of  the  middle  pedunde  of  the  ce^ 

.     .  .  .    °  ^  belluin  ore  likewiBe  diagrammnti colly  shoim  (rroni  EiiiDger, 

n)(Kiified). 

Corpus  Trapezoides. — This  name  is  applied  to  a  group  of  transverse  fibres 
which  traverse  the  lower  part  of  the  pons  (Fig.  405).  They  are  quite  distinct  from 
those  which  have  been  just  described  ae  entering  the  middle  peduncle  of  the 
cerebellum,  and  they  lie  in  the  boundary  between  the  dorsal  and  ventral  parts  of 
the  pons,  but  encroaching  considerably  into  the  ground  of  the  former.  They  arise 
ftom  the  cells  of  the  terminal  nucleus  of  the  cochlear  division  of  the  auditory  nerve, 
and  constitute  a  tract  which  establishes  certain  central  eonuexioDS  for  that  nerve. 
They  will  be  more  fully  described  when  we  treat  of  the  cerebral  connexions  of  the 
auditory  nerve. 

Ooraal  or  Tegmental  Part  of  the  Pons  (pars  dorsalis  pontis). — On  the  dorsal 
surface  of  the  tegmental  part  of  the  pons  there  is  spread  a  thick  layer  of  gray 
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matter,  covered  by  ependyma,  which  forms  the  floor  of  the  upper  or  pontine 
part  of  the  fourth  ventricle.  Beneath  this  the  mesial  raphe  of  the  medulla  is 
continued  up  into  the  pons,  so  as  to  divide  its  tegmental  part  into  two  symmetrical 
halves. 

In  the  lower  part  of  the  pons,  immediately  beyond  the  medulla,  the  restiform 
body  is  placed  on  the  outer  side  of  the  tegmental  part  (Fig.  403).  In  transverse 
sections  through  the  pons  it  appears  as  a  large,  massive  oval  strand  of  fibres  which 
gradually  inclines  backwards  into  the  cerebellum,  and  thus  leaves  the  pons. 
Between  the  restiform  body  and  the  median  raphe  the  tegmental  part  of  the  pons 
is  composed  of  formatio  reticularis,  continuous  with  the  same  material  in  the 
medulla.  Thus  arcuate  or  transverse  fibres,  curving  in  towards  the  raphe,  and  also 
longitudinal  fibres,  are  seen  breaking  through  a  mass  of  gray  matter  which  occupies 
the  interstices  of  the  intersecting  fibrea  To  the  naked  eye  the  formatio  reticularis 
presents  a  uniform  gray  appearance,  but  its  constituent  parts  are  revealed  by  low 
powers  of  the  microscope  in  properly-stained  and  prepared  specimena  Embedded 
in  thi3  formatio  reticularis  are  various  clumps  of  compact  gray  matter  and  certain 
definite  strands  of  fibres.  These  we  shall  describe  as  we  pass  from  the  restiform 
body  inwards  towards  the  median  raphe. 

(1)  Spinal  root  of  the  trigeminal  nerve  and  the  sabstantia  gelatinosa  BolaadL — 
Close  to  the  inner  side  of  the  restiform  body,  but  separated  from  it  by  the  vesti- 
bular root  of  the  auditory  nerve  as  it  proceeds  backwards  through  the  pons,  is  seen 
a  large  crescentic  group  of  coarse  transversely-divided  bundles  of  fibres.  This  is  the 
spinal  root  of  the  fifth  nerve,  and  applied  to  its  inner  concave  side  is  a  small  mass 
of  gray  matter,  which  is  the  direct  continuation  upwards  of  the  substantia  gelatinosa 
Bolandi. 

■ 

(2)  The  nncleus  of  the  fkcial  or  seventh  nerve  comes  next.  It  is  sunk  deeply 
in  the  tegmental  part  of  the  pons  and  lies  close  to  the  transverse  fibres  of  the 
corpus  trapezoides.  It  is  a  conspicuous,  obliquely  placed,  ovoid  clump  of  gray 
matter.  From  its  outer  and  dorsal  aspect  the  root-fibres  of  the  facial  nerve 
stream  backwards  and  inwards  towards  the  gray  matter  on  the  floor  of  the  fourth 
ventricle.  Passing  forwards  between  this  nucleus  and  the  substantia  Bolandi  a 
solid  nerve-bundle  may  be  observed.  This  is  the  facial  nerve,  traversing  the  pons 
towards  its  place  of  emergence  from  the  brain. 

(3)  Immediately  internal  to  the  facial  nucleus,  but  placed  more  deeply  in  the 
tegmental  part  of  the  pons,  is  the  superior  olivary  nucleus  (nucleus  olivaris  superior). 
It  lies  in  a  bay  formed  for  it  by  the  transverse  fibres  of  the  corpus  trapezoides. 
These  fibres  curve  round  its  ventral  aspect,  and  many  of  them  may  be  observed  pene- 
trating into  its  substance.  In  man  it  is  a  very  small  mass  of  gray  matter,  and 
presents  little  resemblance  to  the  inferior  olivary  nucleus,  except  in  the  size  and 
shape  of  its  constituent  ceUs.  In  sections  through  the  part  of  the  pons  where  it 
attains  its  greatest  size,  it  appears  in  the  form  of  two,  or  it  may  be  three,  small 
isolated  masses  of  gray  matter.  It  is  intimately  connected  with  the  trapezial 
fibres,  many  of  which  end  in  it,  whilst  others  take  origin  within  it. 

Upon  the  inner  and  dorsal  aspect  of  the  superior  olive  there  is  a  dense  group  of  longitudinal 
fibres.  These  constitute  the  central  tegmental  tract ;  but  as  precise  information  in  regard  to 
its  connexions  is  still  to  a  laige  extent  wanting,  it  is  not  necessary  to  do  more  than  indicate  its 
position. 

(4)  The  posterior  longitudinal  bundle  and  the  fillet  come  next.  As  they  proceed 
upwards  through  the  tegmental  part  of  the  pons,  these  longitudinal  tracts  occupy 
the  same  relative  position  as  in  the  medulla.  They  are  placed  close  to  the  median 
raphe ;  but  they  have  drawn  further  apart  from  each  other,  and  their  fibres  are 
more  distinctly  concentrated  into  separate  strands,  with  an  interval  of  some  little 
width  between  them.  The  posterior  longitadinal  bundle  lies  immediately  under 
cover  of  the  gray  matter  of  the  floor  of  the  fourth  ventricle.  The  flUet  is  placed 
close  to  the  trapezial  fibres,  many  of  which  traverse  it  as  they  pass  towards  the 
mesial  plane. 

(5)  The  nucleus  of  the  sixth  nerve  also  forms  a  conspicuous  object  in  sections 
through  the  lower  part  of  the  pons.  It  is  a.  round  mass  of  gray  matter,  which  is 
situated  close  to  the  outer  side  of  the  posterior  longitudinal  bundle,  and  immediatelT 
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under  cover  of  the  gray  matter  of  the  floor  of  the  fourth  Teiitricl&  From  its  inner 
side  DumerouB  root- bundles  of  the  sixth  nerve  pass  out  and  proceed  forwards 
beween  the  fillet  and  the  superior  olivary  nucleus.  They  occupy  in  the  pons, 
therefore,  a  position  similar  to  that  occupied  by  the  hypt^loBsal  root-fibres  in  the 
medulla. 

Up  to  the  present  only  the  lower  part  of  the  tegmental  portion  of  the  pons 
has  been  described,  i.e.  the  portion  immediately  adjoining  the  medulla.  As  we 
proceed  upwards  and  gain  a  point  above  the  level  of  the  trapezial  fibres,  mauy  of 
the  structures  which  have  attracted  attention  lower  down  gradually  disappear 
&om  the  formatio  reticularJB.  The  posterior  longitudinal  bundle,  the  fillet,  and 
the  spinal  root  of  the  fifth  nerve,  however,  are  still  carried  upwards.     Further,  the 
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floor  of  the  fourth  ventricle  becomes  narrower,  and  other  objects  appear  in  the 
tegemental  substance. 

The  superior  cerebellar  pednncla  (brachium  conjunctivum)  is  a  very  con- 
BpicuouB  object,  in  sections,  through  the  middle  and  upper  parts  of  the  pons.  In 
tr&DBverae  section  it  presents  a  semilunar  outline,  and  as  it  emei^es  from  the 
cerebellum  it  lies  immediately  on  the  outer  side  of  the  fourth  ventricle,  towards 
which  its  concave  aspect  is  turned  (Fig.  405).  Its  dorsal  border  is  joined  with  the 
corresponding  peduncle  of  the  opposite  by  the  thin  lamina  of  white  matter, 
tenned  the  superior  medullary  velum,  whilst  its  ventral  border  is  sunk  to  a  small 
e.^tent  in  the  dorsal  part  of  the  pons.  As  it  is  traced  upwards  it  sinks  deeper  and 
deeper  into  the  pons  until  it  becomes  completely  submerged,  with  the  exception 
of  the  posterior  border  to  which  the  superior  velum  is  attached.  It  now  lies  on 
the  outer  aide  of  the  tegmental  or  reticular  substance  of  the  pons,  and  this  position 
it  maintains  until  the  mesencephalon  is  reached  (Fig.  406). 

About  half-way  up  the  pons  the  nuclei  of  the  trigeminal  or  fifth  cranial  nerve 
mark  a  very  important  stage  in  its  tegmental  portion.     These  nuclei  are  two  in 
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Dumber  od  each  side,  viz.  &  large  ovat  terminal  nucleus  for  certain  of  the  sensory 
fibres  of  the  nerve  and  a  nucleus  of  origin  equally  conspicuous  for  certain  of  the 
motor  fibres  (Fig.  405).  The  sensory  nncleoe  lies  close  to  the  outer  surface  of  the 
pone,  deeply  sunk  in  its  t^mental  part,  and  in  the  interval  between  the  submerged 
anterior  border  of  the  superior  cerebellar  peduncle  and  the  ventral  part  of  the  pons. 
The  motor  nucleus  Is  placed  on  the  inner  side  of  the  sensory  nucleus,  but  somewhat 
nearer  the  dorsal  surface  of  the  pons.  At  this  level  the  spinal  root  of  the  fifth 
nerve  disappears  by  joining  the  fibres  of  the  sensory  portion.  The  sensory  and 
motor  roots  of  the  fifth  nerve  traverse  the  ventral  part  of  the  pons  on  their  way 
to  and  from  the  region  of  the  nuclei. 

Above  the  level  of  the  nuclei  of  the  trigeminal  nerve  a  new  tract  of  fibres 
comes  into  view.  This  is  the  mesencephalic  root  of  the  fifth  nerve,  as  it  descends 
to  join  the  emerging  fibres  of  the  motor  part  of  the  fifth  nerve.  It  is  a  small 
bundle  of  nerve  fibres,  semilunar  in  cross  section,  which  lies  close  to  the  inner  side 
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of  the  superior  cerebellar  peduncle  and  on  the  outer  and  deep  aspect  of  the  gray 
matter  on  the  floor  of  the  fourth  ventricle  (Figa.  406  and  407). 

On  a  slightly  deeper  plane  than  the  mesencephalic  root  of  the  fifth  ner\-e, 
between  it  and  the  posterior  longitudinal  bundle,  and  in  close  relation  to  the  gray 
matter  of  the  floor  of  the  ventricle,  is  the  collection  of  pigmented  cells  which  con- 
stitutes the  snbstantia  feTTUgineo. 

The  posterior  longitudinal  bundle,  as  it  is  traced  upwards  through  the  tegmental 
part  of  the  pons,  maintiiiuB  the  same  position  throughout,  and  as  it  ascends  it 
becomes  more  clearly  mapped  out  as  a  definite  and  distinct  tract.  It  lies  close 
to  the  mesial  raphe,  and  immediately  subjacent  to  the  gray  matter  of  the  floor  of 
the  fourth  ventricle. 

The  fillet  as  it  ascends  through  the  tegmental  part  of  the  pons  undergoes 
striking  changes  in  shape.  In  the  lower  portion  of  the  pons  its  fibres,  which  in 
the  medulla  are  spread  out  along  the  t-ide  of  the  median  raphe,  are  collected 
together  in  tlie  form  of  a  loose  bundle,  which  occupies  a  wide  field,  somewhat 
triangular  in  shape,  on  either  side  of  the  median  raphe  and  immediately  bchiud 
the  ventral  portion  of  the  pons.  As  it  proceeds  up,  the  fibres  spread  out  laterally 
until  a  cuuipact  ribbon-like  layer  is  formed  in  the  interval  between  the  tegmental 
and  ventral  portions  of  the  pons.  This  constitutes  what  is  termed  the  uasial 
flUat  (Figs.  406  and  407). 

Above  the  level  of  the  trigeminal  nuclei  another  flattened  layer  of  fibres  comtv 
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into  view  to  the  outer  side  of  the  mesial  fillet.  To  this  the  name  of  l&tenl  flilet  is 
given.  Xheee  fibres  spread  outwards  and  backwards,  and  finally  take  up  a  position 
on  the  outer  surface  of  the  superior  cerebellar  peduncle.  In  the  angle  between 
the  mesial  and  lateral  fillets  a  little  knot  of  compact  gray  matter,  termed  the  lateral 
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Illot  nncleoa,  comes  into  view  (Fig.  406).  This  appears  to  be  iu  more  or  less 
direct  continuity  with  the  superior  olivary  nucleus.  Many  of  the  fibres  of  the 
lateral  fillet  take  origin  in  this  nucleus.  Bruce  has  called  attention  to  the  continuity 
between  the  superior  olive  and  the  lateral  fillet  nucleus  in  man,  and  the  writer 
can  confirm  his  statement  in  so  far  as  the  orang  brain  is  concerned. 

THE   CEREBELLUM. 

The  cerebellum  lies  behind  the  pons  Varolii  and  the  medulla  oblongata,  and 
below  the  hinder  portions  of  the  cerebral  hemispherea     From   the   latter  it  is 


Km.  408. — Upper  Subcace  op  the  Chkebelluu. 


separated  by  an  intervening  partition  of  dura  mater,  termed  the  tentorium  cerebelli. 
It  is  distinguished  by  the  numerous  parallel  and  more  or  less  curved  sulci,  which 
traverse  its  surface  and  give  it  a  foliated  or  laminated  appearance.  It  is  composed 
of  a  cortex  of  gray  matter  (substantia  corticalis)  spread  over  its  surface,  with  white 
matter  in  the  interior,  forming  a  central  core  (corpus  medullare). 
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The  cerebellum  is  subdivided  somewhat  arbitrarily  into  a  median  portion 
termed  the  yermiB,  and  two  much  larger  lateral  portions,  called  the  lateral  hemi- 
spheres (hemisphseria  cerebelli).  The  demarcation  between  these  main  subdivisions 
of  the  organ  is  not  very  evident  from  every  point  of  view.  In  front,  and  also 
behind,  there  is  a  marked  deficiency  or  notch.  The  posterior  notch  (incisura  cere- 
belli posterior)  is  smaller  and  narrower  than  the  anterior  notch.  It  is  bounded 
laterally  by  the  lateral  hemispheres,  whilst  its  bottom  is  formed  by  the  median  lobe 
or  vermis.  It  is  occupied  by  a  fold  of  dura  mater,  called  the  falx  cerebelli.  The 
anterior  notch  (incisura  cerebelli  anterior)  is  wide,  and,  when  viewed  from  above,  it 
is  seen  to  be  occupied  by  the  inferior  quadrigeminal  bodies  and  by  the  superior 
peduncles  of  the  cerebellum.  As  in  the  case  of  the  hinder  notch,  its  sides  are 
formed  by  the  lateral  hemispheres  and  the  bottom  by  the  vermis. 

On  the  superior  surface  of  the  cerebellum  there  is  little  distinction  to  be  noted 
betw^een  the  median  lobe  and  the  upper  surface  of  each  lateral  hemisphere.  On 
this  aspect  the  median  lobe  receives  the  name  of  superior  vermis,  and  it  forms  a 
high  median  elevation,  from  which  the  surface  slopes  gradually  downwards  on  each 
side  to  the  margin  of  the  hemisphere.  The  superior  vermis  is  highest  in  front, 
immediately  behind  the  anterior  notch,  and  from  this  it  shows  a  somewhat  sharp 
descent  towards  the  posterior  notch.  This  elevation  of  the  superior  worm  is 
frequently  called  the  monticulus  cerebelli.  The  folia  on  the  surface  of  the  superior 
vermis  are  thicker  and  fewer  in  number  than  those  on  the  upper  surface  of  the 
lateral  hemisphere.  It  is  this  which  gives  it  the  worm-like  appearance  from  which 
it  derives  its  name. 

On  the  inferior  surface  of  the  cerebellum  the  distinction  between  the  three  main 
constituent  parts  of  the  organ  is  much  better  marked  (Fig.  409).  On  this  aspect 
the  lateral  hemispheres  are  full,  prominent,  and  convex,  and  occupy  the  cerebellar 
fossae  in  the  floor  of  the  cranium.  They  are  separated  by  a  deep  mesial  hollow, 
which  is  continued  forwards  from  the  posterior  notch.  This  hollow  is  termed  the 
vallecula  cerebelli,  and  in  its  fore-part  is  lodged  the  medulla  oblongata.  When  the 
medulla  is  raised  and  the  lateral  hemispheres  are  pulled  apart,  so  as  to  expose  the 
bottom  of  the  vallecula,  it  will  be  seen  that  this  is  formed  by  the  vermis  inferior, 
or  inferior  aspect  of  the  median  lobe,  and,  further,  that  the  latter  is  separated  on 
each  side  from  the  corresponding  lateral  hemisphere  by  a  distinct  furrow,  termed 
the  sulcus  valleculs. 

Sulci  Cerebelli. — Certain  of  the  fissures  which  traverse  the  surface  of  the 
cerebellum  are  deeper  and  longer  than  the  others,  and  they  map  out  districts  which 
are  termed  lobes.  One  of  the  most  conspicuous  of  these  clefts  is  the  great  horizontal 
fissure. 

The  great  horizontal  fissure  (sulcus  horizontalis  cerebelli)  of  the  cerebellum 
begins  in  front  and  passes  continuously  round  the  circumference  of  the  organ, 
cutting  deeply  into  its  outer  and  posterior  margins.  In  front,  its  lips  diverge  to 
enclose  the  three  cerebellar  peduncles  as  they  pass  into  the  interior  of  the 
cerebellum.  The  great  horizontal  fissure  divides  the  organ  into  an  upper  and  a 
lower  part,  which  may  be  studied  separately. 

The  prominence  which  is  accorded  to  the  great  horizontal  fissure  in  descriptive  anatomy  is 
not  justified  by  its  developmental  history  and  morphological  status.  It  is  very  late  in  making 
its  appearance  in  the  foetal  cerebellum,  and  not  infrequently  the  part  of  the  fisdure  on  the  one 
side  fails  to  establish  a  continuity  across  the  vermis  with  the  part  of  the  fissure  on  the  other 
side  of  the  organ. 

Lobes  on  the  Upper  Surface  of  the  Cerebellum. — When  examined  from 
before  backwards,  the  superior  vermis  presents  the  following  subdivisions:  (1)  the 
lingula ;  (2)  the  central  lobule  (lobulus  centralis) ;  (3)  the  cubnen  monticnli ;  (4)  the 
clivus  monticnli ;  (5)  the  folium  cacuminis  (folium  vermis).  With  the  exception  of 
the  lingula,  each  of  these  is  continuous  on  either  side,  with  a  corresponding  district 
on  the  upper  surface  of  the  hemisphere,  thereby  forming  a  cerebellar  lobe.  Thus 
the  central  lobule  is  prolonged  outwards  on  either  side  in  the  form  of  a  small, 
flattened,  wing-like  expansion  called  the  ala ;  the  culmen  constitutes  the  median 
connecting  piece  between  the  two  anterior  crescentic  lobules  of  the  hemispheres ; 
the  clivtis  stands  in  the  same  relation  to  the  two  posterior  crescentic  lolmlae ;  and 
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the  foliuni  cacuminis  is  the  connecting  band  between  the  postero-saperior  lobaleB  of 
the  hemispheres. 

It  should  be  noted  that  this  subdivision  of  the  upper  surface  of  the  cerebellum  is  to  some 
extent  conventional,  and  in  certain  particulars  receives  little  support  from  morphological  data. 

The  lingula  can  only  be  seen  when  the  part  of  the  cerebellum  which  forms  the 
bottom  of  the  anterior  notch  is  pushed  backwards.  It  consists  of  four  or  five  small 
flat  folia  continuous  with  the  gray  matter  of  the  vermis  superior,  which  are  pro- 
longed forwards  on  the  upper  surface  of  the  superior  medullary  velum  in  the  interval 
tietween  the  two  superior  cerebellar  peduncles. 

liobus  Centralis  with  its  AIsb. — The  lobulus  centralis  lies  at  the  bottom  of 
the  anterior  cerebellar  notch,  and  is  only  seen  to  a  very  small  extent  on  the  upper 
surface  of  the  organ.  It  is  a  little  median  mass  which  laterally  is  prolonged  out- 
wards for  a  short  distance  round  the  anterior  notch  in  the  form  of  two  expansions, 
termed  the  alse. 

Liobus  Culminis. — The  culmen  monticuli  constitutes  the  highest  part  or  summit 
of  the  monticulus  of  the  vermis  superior.  It  is  bounded  behind  by  a  deep  and 
strongly  marked  fissure  called  the  flssnra  prima  (Elliot  Smith),  and  is  prolonged 
outwards  on  either  side  into  the  lateral  hemisphere  as  the  anterior  crescentic  lolmle. 
This  is  the  most  anterior  subdivision  on  the  upper  surface  of  the  hemisphere.  The 
two  anterior  crescentic  lobules,  with  the  culmen  monticuli,  form  the  lobna  cnlminis 
cerebelli. 

Lobus  Clivi — The  clivus  monticuli  lies  behind  the  culmen,  from  which  it  is 
separated  by  the  fissura  prima,  and  it  forms  the  sloping  part  or  descent  of  the 
monticulus  of  the  vermis  superior.  On  each  side  it  is  continuous  with  the  posterior 
crescentic  lobule  of  the  lateral  hemisphere,  and  the  three  parts  are  included  under 
the  one  name  of  lobus  clivL 

The  two  crescentic  lobules  on  the  upper  surface  of  the  hemisphere  are  sometimes  classed 
together  and  described  as  the  lobulus  qoadrangularis.  They  are  separated  from  each  other  by  a 
lateral  extension  on  the  upper  surface  of  the  hemisphere  of  tne  fissura  prima,  whilst  the 
posterior  crescentic  lobule  is  bounded  behind  by  a  curved  sulcus  termed  by  Elliot  Smith  the 
fissura  po8tlunat&  The  union  of  the  two  postlunate  furrows  across  the  vermis  separates  the 
chvus  from  the  folium  cacuminis,  but  in  many  cases  this  junction  fails  to  take  place. 

LobuB  Gaoiuninis. — The  folium  cacuminis  forms  the  most  posterior  part  of  the 
vermis  superior,  and  when  the  right  and  left  portions  of  the  great  horizontal  fissure 
are  continuous  across  the  vermis  it  bounds  that  fissure  superiorly  at  the  posterior 
notch.  It  is  a  single  folium,  subject  to  considerable  variation  in  the  degree  of  its 
development,  and  its  surface  may  be  smooth  or  beset  with  rudimentary  secondary 
folia.  It  is  the  median  connecting  link  between  the  two  postero-superior  lobules 
of  the  hemispheres,  the  three  parts  forming  the  lobns  cacmninis.  As  the  folium 
cacuminis  is  traced  outwards  into  the  postero-superior  lobule,  it  is  found  to 
expand  greatly,  and  as  a  result  of  this  the  postero-superior  lobule  on  each  side 
forms  an  extensive  foliated  district  bounding  the  great  horizontal  fissure  above. 

Lobes  on  the  Under  Surface  of  the  Oerebellum. — The  connexion  between 
the  several  parts  of  the  inferior  vermis  and  the  corresponding  districts  on  the 
under  surface  of  the  two  hemispheres  is  not  so  distinct  as  in  the  case  of  the  vermis 
superior  and  the  lobules  on  the  upper  surface  of  the  hemispheres.  A  groove,  the 
snlcoB  valleculflB,  intervenes  between  the  vermis  inferior  and  the  hemisphere  on 
each  side. 

From  behind  forwards  the  following  subdivisions  of  the  vermis  inferior  may  be 
recognised :  (1)  the  tuber  valvula  (tuber  vermis) ;  (2)  the  pyramid  (pyramis) ;  (3) 
the  UTula ;  (4)  the  nodide  (nodulus). 

On  the  under  surface  of  the  hemisphere  there  are  four  main  lobules  mapped  out 
by  intervening  fissures.  From  behind  forwards  these  are :  (1)  the  postero-inferior 
lobnle,  a  large  subdivision  which  bounds  the  great  horizontal  fissure  on  its  under 
aspect ;  (2)  the  biventral  lobule  (lobulus  biventer)  which  lies  in  front  of  the  postero- 
inferior  lobule,  and  is  partially  divided  into  two  parts  by  a  curved  fissure  which 
traverses  its  surface ;  (3)  the  tonsil  or  amygdala  (tonsilla),  a  small  rounded  lobule 
which  bounds  the  fore-part  of  the  vallecula,  and  is  lodged  in  a  deep  concavity  on 
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The  deft  between  the  nodule  and  the  uvula  is  termed  the  pMtnodnUr  flunn  (Elliot  Smith) ; 
ibat  between  the  flocculua  and  the  biventral  lobule  is  called  the  floccnl&r  fluarB. 

The  flocculus  will  usually  be  obBerved  lo  be  partially  divided  into  two  piecee.  The  smaller 
hinder  portion,  which,  as  a  rule,  is  completely  overlapped  by  the  overhanging  ed^  of  the 
btrentrsl  lobule,  is  the  parftflQCCDlni.  This  aeaumes  very  lai^  proportionB  m  certain  of  the 
lower  manunals. 

Arrangement  of  the  Oray  and  White  Blatter  of  the  CerebeUom.— The  white 
matter  of  the  cerebellum  formB  a  solid  compact  mass  in  the  interior,  and  over  this 
is  spread  a  con- 
tinuous and  uni-  *^'"™  monUcoii 
form  layer  of  gray 
matter.     In  each 
lateral     hemi- 
sphere the  white      J^^ 
central    core    is 
more  bulky  than 

in    the    median  t^«,« 

lobe  or  worm,  in        f*^ 
which  the  central   cenbeiiu 
white  matter   is 
reduced  to  a  re-     inferior 
latively      thin 
bridge  thrown 
across  between 
the    two    lateral 
hemispheres.  The 

white    matter    in  Showingthe  "«rbor  vite"»nd  theoorpusdenUtuin. 

ibe  interior  of  the 

median  lobe  or  worm  is  termed  the  corpiis  trapesoidea.  When  sa^ttal  sections 
are  made  through  the  cerebellum,  the  gray  matter  on  the  surface  stands  out  clearly 
from  the  white  matter  in  the  interior.     Further,  ftvm  all  parte  of  the  surface  of 


quidrtgamlul  boJjr 


411.— Krom  ■  diesection  by  Dr.  EiIwbk)  B,  JaniidBOQ  in  tbe  Ana 
Edinburgh.  The  corpaa  dentfttuni  is  displsjeil  from  above 
hM  betu  tracHi  from  it  to  tbe  meHenvephalon. 


the  central  core  stout  stems  of  white  matter  are  seen  projecting  into  the  lobes  of 
the  cerebellum.     From  the  sides  of  these  white  stems  secondary  branches  proceed 
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at  various  angles,  and  from  these  again  tertiary  branches  are  given  off.  Over  the 
various  lamellse  of  white  matter  thus  formed  the  gray  cortex  is  spread,  and  the 
fissures  on  the  surface  show  a  corresponding  arrangement,  dividing  up  the  organ 
into  lobes,  lobules,  and  folia.  When  the  cerebellum  is  divided  at  right  angles  to 
the  general  direction  of  its  fissures  and  folia,  a  highly  arborescent  appearance  is 
thus  presented  by  the  cut  surface.  To  this  the  term  axbor  vite  cerebelli  is  applied. 
Corpus  Dentatom  and  other  Gray  Nuclei  in  the  White  Matter  of  the 
OerebeUom. — Embedded  in  the  midst  of  the  mass  of  white  matter  which  forms  the 
central  core  of  each  lateral  hemisphere  there  is  an  isolated  nucleus  of  gray  matter, 
which  presents  a  strong  resemblance  to  the  inferior  olivary  nucleus  of  the  medulla. 
It  is  called  the  corpuB  dentatum  (nucleus  dentatus),  and  it  consists  of  a  corrugated 
or  plicated  lamina  of  gray  matter,  which  is  folded  on  itself  so  as  to  enclose,  in  a 
fla^-like  manner,  a  portion  of  the  central  white  matter  (Figs.  410  and  411). 
This  gray  capsule  is  not  completely  closed.  It  presents  an  open  mouth,  termed 
the  hilum,  which  is  directed  inwards  and  upwards,  and  out  of  this  stream  the 
great  majority  of  the  fibres  of  the  superior  cerebellar  peduncle. 

Three  small  additional  masses  of  gray  matter  are  also  present  on  either  side  of  the  medial 
plane  in  the  central  white  matter  of  tne  cerebellum.  These  are  termed  the  nucleus  emboli- 
formis,  the  nucleus  globosus,  and  the  nucleus  fastigii.  The  nucleus  emboliformis  or  embolos  is  a 
small  lamina  of  gray  matter  which  hes  immediately  internal  to  the  hilum  of  the  corpus  dentatnm, 
being  thus  relatai  to  it  somewhat  in  the  same  manner  that  the  mesial  accessory  olivary  nucleus 
is  re&ted  to  the  main  inferior  olivary  nucleua  The  nncleuB  globosos  hes  internal  to  the  embohts 
and  on  a  somewhat  deeper  horizontal  plane.  The  nacIeoB  fastigii  or  roof  nadeuB  is  placed  in 
the  white  substance  of  the  worm  (corpus  trapezoides)  close  to  the  mesial  pluie  and  its  fellow  of 
the  opposite  side.    It  is,  therefore,  situated  on  the  mesial  aspect  of  the  nucleus  ^lobosus. 

Although  isolated  from  the  gray  matter  of  the  surface,  these  small  nuclei  and  the  corpus 
dentatum  are  connected  at  certain  points  with  each  other.  The  corpus  dentatum  and  the 
embolus  present  a  structure  very  similar  to  that  of  the  inferior  olivary  nucleus.  In  the  nucleus 
globosus  and  the  nucleus  fastigii  the  cells  are  somewhat  larger  in  size. 

Cerebellar  Peduncles. — These  are  three  in  number  on  each  side,  viz.  the  middle, 
the  inferior,  and  the  superior  (Fig.  391,  p.  487).  The  fibres  of  which  they  are 
composed  all  enter  or  emerge  from  the  white  medullary  centre  of  the  cerebellum. 

The  middle  peduncle  is  much  the  largest  of  the  three,  and  has  already  been 
described  on  pp.  486  and  501.  It  is  formed  by  the  transverse  fibres  of  the  pons, 
and  it  enters  the  cerebellar  hemisphere  on  the  outer  aspect  of  the  other  two 
peduncles.  The  lips  of  the  anterior  part  of  the  great  horizontal  fissure  are 
separated  widely  from  each  other  to  give  it  admission  (Fig.  409).  Within  the 
cerebellar  hemisphere  its  fibres  are  distributed  in  two  great  bundlea  Of  these, 
one,  composed  of  the  upper  transverse  fibres  of  the  pons,  radiates  out  in  the  lower 
part  of  the  hemisphere ;  whilst  the  other,  consisting  of  the  lower  transverse  fibres 
of  the  pons,  spreads  out  in  the  upper  part  of  the  hemisphere. 

The  inferior  peduncle  is  simply  the  restiform  body  of  the  medulla.  After 
leaving  the  medulla  it  ascends  for  a  short  distance  on  the  dorsal  surface  of  the 
pons  and  then  turns  sharply  backwards,  to  enter  the  cerebellum  between  the  other 
two  peduncles. 

The  superior  peduncle,  as  it  issues  from  the  cerebellum,  lies  close  to  the  inner 
side  of  the  middle  peduncle  (Fig.  409),  Its  further  course  upwards  on  the  dorsum 
of  the  pons  to  the  inferior  quadrigeminal  body  has  been  previously  described  (pp. 
486  and  503). 

Connexions  established  by  the  Peduncular  Fibres.— The  fibres  of  the  middle 

peduncle  are  both  afferent  and  efferent.  The  connexions  which  they  establish  in  the 
pons  are  described  on  p.  501.  The  efferent  fibres  arise  from  cells  in  the  gray  cortex  of  the 
lateral  hemisphere  (also  probably  to  some  small  extent  in  the  cortex  of  the  vermis),  and 
end  in  connexion  with  the  cells  of  the  nucleus  pontis,  and  likewise  in  the  tegmental  part 
of  the  pons.  The  afferent  fibres,  arising  in  the  pons,  end  in  the  gray  cortex  of  the  lateral 
hemisphere  of  the  cerebellum,  and  perhaps  also  in  the  cortex  of  the  worm. 

The  inferior  peduncle  is  also  composed  of  afferent  and  efferent  fibres  (see  p.  496)  ;  only 
the  more  important  connexions  which  these  establish  in  the  cerebellum  can  be  touched  on 
here.  The  principal  afferent  strand  is  the  direct  cerebellar  tract  The  fibres  of  this 
strand  end  in  the  cortex  of  the  superior  worm  on  both  sides  of  the  mesial  plane,  hut 
chiefly  on  the  opposite  side.     The  cerehello-oUvary  fibres  are  also  probably  afferent.     It 
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appears  that  thej  end  in  connexion  with  cells  in  the  cortex  of  both  the  worm  and  hemi- 
sphere, and  also  cells  in  the  nucleus  deutatus.  The  numerous  arcuate  fibres  which  enter 
the  inferior  peduncle  establish  connexions  with  cells  in  the  cortex  of  the  lateral  hemisphere 
and  of  the  worm. 

The  superior  peduncle  is  an  efferent  tmct  The  majority  of  its  fibres  come  from 
the  cells  of  the  nucleus  deutatus,  whilst  a  small  proportion  appear  to  come  from  the  cere- 
bellar cortex.  According  to  Risien  Russell,  the  fibres  which  form  the  dorsal  edge  of  the 
band  come  from  the  opposite  side  of  the  cerebellum  and  cross  the  mesial  plane  to  join  the 
peduncle. 

Our  knowledge  of  the  connexions  of  the  peduncles  of  the  cerebellum  has  been  greatly 
extended  by  Ferrier  and  Aldren  Turner ;  and  the  account  which  is  given  above,  and  also  at 
p.  501,  is  largely  derived  from  their  memoir  on  this  subject. 

Commissural  and  Association  Fibres.— In  addition  to  those  fibres  of  the  white 

medullary  centre  which  belong  to  the  system  of  peduncles,  there  are  others  which  have 
exclusively  cerebellar  connexions.  Thus  the  various  folia  are  bound  together  by  numerous 
association  fibres,  which  pass  from  one  folium  into  another  around  the  bottom  of  the  inter- 
vening fissure.  Tracts  of  transversely-directed  commissural  fibres  cross  the  mesial  plane 
in  the  white  centre  of  the  vermis,  connecting  corresponding  parts  of  opposite  sides.  These, 
in  some  measure,  are  analogous  to  the  corpus  callosum  of  the  cerebrum.  The  roof  nuclei 
are  also  closely  bound  by  connecting  fibres  with  the  cortex. 

Medullary  Vela. — The  medullary  vela  are  cloBely  associated  with  the  cerebellar 
pedunclea  They  consist  of  tv70  thin  laminae  of  white  matter,  which  are  projected 
out  from  the  white  central  core  of  the  cerebellum. 

The  superior  medullary  velum  is  described  on  p.  486.  Laterally,  it  is  continuous 
with  the  dorsal  edges  of  the  superior  cerebellar  peduncles;  whilst,  inferiorly,  it 
is  prolonged  downwards  and  backwards  under  the  Ungula  and  the  central  lobule  of 
the  superior  worm,  to  become  continuous  with  the  central  white  matter  or  corpus 
trapezoides  of  the  worm. 

The  inferior  medullary  velum  is  more  complicated  in  its  connexions.  It  presents 
much  the  same  relations  to  the  nodule  of  the  inferior  vermiform  process  that  the 
superior  velum  presents  to  the  lingula  of  the  superior  vermiform  process.  It  is  a 
wide  thin  lamina  of  white  matter — so  thin  that  it  is  translucent— which  is  pro- 
longed out  from  the  white  centre  of  the  cerebellum  above  the  nodule.  From  the 
nodule  it  stretches  outwards  to  the  flocculus  on  each  side,  thereby  bringing  these 
three  small  portions  of  the  cerebellum  into  association  with  each  other  (Fig.  409). 
Where  it  issues  from  the  white  matter  of  the  cerebellum  it  is  in  contact  with  the 
superior  medullary  velum,  but,  as  the  two  laminse  are  traced  forwards,  they 
diverge  from  each  other.  The  superior  velum  is  carried  upwards  between  the 
two  superior  cerebellar  peduncles,  whilst  the  inferior  medullary  velum  is  curved 
forwards  and  then  downwards  round  the  nodule,  and  ends  at  a  variable  point  in 
a  free,  slightly  thickened,  crescentic  edge.  The  cavity  of  the  fourth  ventricle 
is  carried  backwards  into  the  cerebellum  between  the  two  vela,  which  thus  form 
a  peaked  and  tent-like  root  for  it. 

Relation  of  the  Tract  of  Gowers  to  the  Superior  Medullary  Velum.— The 

ascending  tract  of  Gowers  has  been  noticed  in  connexion  with  the  lateral  column  of  the 
cord  (p.  469).  The  fibres  which  compose  it  are  carried  upwards  through  the  formatio 
reticularis  grisea  of  the  medulla  and  the  corresponding  part  of  the  tegmental  portion  of 
the  pons.  In  this  part  of  its  course  the  fibres  are  scattered  and  do  not  form  a  compact 
strand.  Reaching  the  upper  end  of  the  pons  the  tract  turns  backwards,  enters  the 
superior  medullary  velum,  and  proceeds  downwards  in  it  into  the  cerebellum. 

Roof  of  the  Fourth  Ventricle. — In  its  upper  part  the  roof  of  the  fourth 
ventricle  is  formed  by  the  superior  medullary  velum  as  it  stretches  across  between 
the  two  superior  cerebellar  peduncles,  and  also,  to  some  extent,  by  the  approximation 
of  these  peduncles  themselves  as  they  approach  the  mesencephalon. 

In  its  lower  part  the  roof  of  the  ventricle  is  exceedingly  thin  and  is  not  all 
formed  of  nervous  matter.  The  inferior  medullary  velum  enters  into  its  formation, 
and,  where  this  fails,  the  epithelial  lining  of  the  cavity,  supported  by  pia  mater,  is 
carried  downwards  towards  the  lower  boundaries  of  the  floor  of  the  ventricle.  At 
the  lowest  part  of  the  calamus  scriptorius,  and  also  along  each  lateral  boundary  of 
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the  floor,  a  thin  lamina  of  white  matter  is  carried  for  a  short  distance  over  the 
epithelial  roof.  The  small  Bemiliinar  lamina  which  stretches  across  between  the 
lower  parts  of  the  two  clavjb  at  the  calamus  scriptorius  and  overhangs  the  opening 
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of  the  central  canal  is  termed  the  obex  (Fig,  391,  p.  487).  The  lamina  in  connexion 
with  the  lateral  boundary  of  the  ventricular  floor  is  more  extensive,  and  is  called 
the  lignla  (Figs.  388  and  390).  It  begins  on  the  clava  and  passes  upwards  over  the 
cuneate  tubercle  to  the  restifonn  body.  On  the  outer  surface  pf  the  restiform  body 
it  turns  outwards  so  as  to  bound  the  kteral  recess  of  the  ventricle  below,  and  in  some 
cases  it  may  be  seen  to  become  continuous  around  the  extremity  of  the  lateral 
recess  with  the  inferior  medullary  velum. 

A  short  distance  above  the  calamus  scriptorius  there  is,  in  the  mesial  plane,  an 
opening  in  the  epithelial  and  pial  roof  of  the  ventricle,  by  which  the  cavity  of  the 
ventricle  communicates  with  the  subarachnoid  space.  This  opening  is  termed  the 
foramen  of  HAJendie.  There  is  also  an  aperture  of  a  similar  nature  in  the  epithelial 
and  pial  roof  at  the  extremity  of  each  lateral  recess. 

Two  choroid  plexuses,  or  highly  vascular  infoldings  of  the  pia  mater,  iovaginate 
the  lower  part  of  the  roof  of  the  fourth  ventricle.  These  are  placed  one  on  either 
side  of  the  mesial  plane,  and,  although  they  appear  to  lie  within  the  cavity,  they 
are  in  reality  excluded  from  it  by  the  epithelial  Uning  of  the  ventricle,  which  covers 
over  and  is  adapted  to  every  sinuosity  on  their  surface. 

Two  lateral  of&hoots  from  these  longitudinal  choroid  plexuses  proceed  outwards, 
and  protrude  in  a  similar  manner  into  the  lateral  recesses. 

Minute  STRncTURK  op  a  Cbrebkllab  Folidm. 

A  cerebellar  folium  is  com|i08ed  of  a  central  core  of  whit«  matter,  covered  by  a  layer 
of  f(cay  matter.  Tlie  gray  cortei  is  arranged  iu  two  very  evident  layers,  viz.  a  superfifial 
molecular  laTer  and  a  subjacent  rust-coloured  gnuiiilu'  layer.  Between  these  strutA  » 
single  layer  of  large  cells,  term«l  the  cells  of  Pnrkinje,  are  disposed  in  the  form  of  a 
very  nearly  continuous  sheet.  The  cells  of  Purkinje  constitute  the  roost  characteristic, 
and  probably  the  most  essential,  constituents  of  the  cerebellar  cortex. 

The  cells  of  Purkinje  arc  most  numerous  on  the  summit  of  the  folium.  At  the 
bottom  of  the  sulci  whieli  inter\'ene  between  the  folia  they  become  fewer  in  number,  and. 
therefore,  looser  in  their  arrangement.     Each  consists  of  a  large  flask-shaped  or  pyrifonu 
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cell  body,  the  narrow  ead  of  which  projects  iuto  the  molecular  layer,  whilst  the  thicker, 
deeper  end  rests  on  the  granular  layer.    From  the  latter  arises  a  single  axoit,  which  passes 
icto  the  granular  layer  and  presents  the  peculiarity  of  almost  immediately  assuming  its 
medullaiy  sheath.     From  this  axon  a  few  collateral  branches  soon  arise,  which,  taking  a 
recurrent  course,  enter  the  molecular  layer,  to  end  in  connexion  with  certain  of  the 
adjoiiiiug  cells  of  Purkinje,     They  would  seem  to  hsTe  the  function  of  binding  t<^ther 
adjacent     cells,     and    thus 
enabling  them  to  carry  on 
tbetr  operations  in  harmony 
with  each  other. 

The  dendritic  proceBses 
spring  from  the  narrow  end 
of  the  cell  either  in  the  form 
of  one  or  perhaps  two  stout 
stalks.  These  ascend  into 
the  molecular  layer,  branch- 
ing and  rebranching  until 
an  aborescent  arrangement 
of  extraordinary  richness  and 
Mt«nt  resulto.  The  den- 
dritic branches  extend 
throughout  the  entire 
thickness  of  the  molecular 
layer,  and  the  branching 
takes  place  in  one  plane  only, 
Tiz.  in  a  plane  which  is  trans- 
verse to  the  long  axis  of  the 
folium.  Consequently,  it  is 
only  when  trans  verse  sections 
ure  made  through  a  folium 
that  the  full  dendritic  effect 
is    obtained  ;     in     sections 

nude   parallel    to  the  long  ' 

axis  of  the  folium  the  cells       Fia.  413. — TaANSvBRSs  Section  trhodob  a  Csbbbbllar  Folick 
are  seen  in  profile,  ond  are  'l"'^'"  Ko"*"). 

observed   to  occupy  quite  a  Trested  by  tbe  Golgi  method, 

narrow  area  (Fig.  414).    The  P.      Axon  of  cell  of  Purkinje. 
branching   of   tbe   dendrites  l:      "?'» ^^"*-   ,  ^  ,  ,  ^  ,      ,     , 

„(    . 11    „[    D      I  ■    ■      _     K  aod  K'.    Fibres  from  whiU  core  of  folmm  endina  in  moleoulsr  layer  in 

of  a  cell  of   Purkinje  may,  coniwior,  *iih  the  d.ndrit*,  of  the  cells  of  Pnrkinje.  ' 

therefore,   be    compared     to  m.     Sraull  cell  of  the  molecular  layer. 

that  which  takes   place    in  OR.  Granule  cell. 

the    case     of     a    fruit-tree  ^^'-  ■*"""  °^  S™inl8  cells  in  molecular  layer  cut  transversely. 

.hich  i.   lraiu«l  agm.t  .^£  K'.wS  ™.d  tb.  «U„r  P.,B«.. 

'*'*'l-  GL.    Neuroglial  cell. 

In  the  molecular  layer  N.     Aiou  of  an  association  cell, 
tbe  cells  are  not  particularly 

numerous,  and  of  these  the  most  characteristic  are  the  basket-cellB  which  lie  in  the 
dee))er  part  of  the  layer.  lu  addition  to  numerous  dendrites  tbe  basket«ell  gives  off  an 
aion  which  runs  transversely,  as  regards  the  long  axis  of  the  folium,  between  the  planes 
of  adjacent  dendritic  arborisotiona  of  the  cells  of  Purkinje.  At  first  very  fine  these  axons 
gnulually  become  coarse  and  thick,  and  at  intervals  they  give  off  collaterals  which  run 
towards  the  bodies  of  the  cells  of  Purkinje.  Reaching  these,  they  break  up  into  an 
enormous  number  of  fine  terminal  branches,  which  enclose  the  cells  of  Purkinje,  as  well 
ua  the  short  noii-medullat«d  portions  of  their  axons,  in  a  close  basket-work  of  fine 
filaments. 

The  g^ranular  layer  is,  for  the  most  part,  composed  of  large  numbers  of  small 
granule-like  bodies  closely  packed  together.  Each  of  these  possesses  a  somewhat  large 
nucleus,  with  a  very  small  amonnt  of  surrounding  protoplasm.  From  the  celt  body  three 
or  four,  or  perhaps  five,  dendrites  and  one  axon  proceed.  The  dendriteB  are  short  and 
mdiate  out  from  different  aspects  of  the  cell  body.  They  end  in  tufts  of  claw-like  twigs, 
which  either  embrace  or  are  otherwise  in  contact  with  neighbouring  granule  cells.  The 
whole  multitude  of  granule  cells,  therefore,  arc  brought  into  intimate  connexion  with 
each  other.  The  axon  passes  into  the  molecular  layer,  in  which  it  ends  at  a  varying 
37 
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the  floor,  a  thin  lamina  of  white  matter  is  carried  for  a  short  distance  over  the 
epithelial  roof.  The  email  semilunar  lamina  whioh  etretchea  across  between  the 
lower  parts  of  the  two  clavse  at  the  calamus  scrlptorius  and  overhangs  the  opening 
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of  the  central  canal  is  termed  the  obex  (Fig.  391,  p.  487)-  The  lamina  in  connexion 
with  the  lateral  boundary  of  the  ventricular  floor  is  more  extensive,  and  is  called 
the  lignU  (Figs.  388  and  390).  It  begins  on  the  clava  and  passes  upwards  over  the 
cuneate  tubercle  to  the  restiform  body.  On  the  outer  surface  pf  the  restiform  body 
it  turns  outwards  so  as  to  bound  the  lateral  recess  of  the  ventricle  below,  and  in  some 
cases  it  may  be  seen  to  become  continuous  around  the  extremity  of  the  lateral 
recess  with  the  inferior  medullary  velum. 

A  short  distance  above  the  calamus  scriptorius  there  is,  in  the  mesial  plane,  an 
opening  in  the  epithelial  and  pial  roof  of  the  ventricle,  by  which  the  cavity  of  the 
ventricle  communicates  with  the  subarachnoid  space.  This  opening  is  termed  the 
foramen  of  Uajendie.  There  is  also  an  aperture  of  a  similar  nature  in  the  epithelial 
and  pial  roof  at  the  extremity  of  each  lateral  recess. 

Two  choroid  plexuses,  or  highly  vascular  infoldings  of  the  pia  mater,  invaginate 
the  lower  part  of  the  roof  of  the  fourth  ventricle.  These  are  placed  one  on  either 
side  of  the  mesial  plane,  and,  although  they  appear  to  lie  within  the  cavity,  they 
are  in  reality  excluded  from  it  by  the  epithelial  lining  of  the  ventricle,  which  covers 
over  and  is  adapted  to  every  sinuosity  on  their  surface. 

Two  lateral  offshoots  from  these  longitudinal  choroid  plexuses  proceed  outwards, 
and  protrude  in  a  similar  manner  into  the  lateral  recesses. 

Minute  Strdctore  of  a  Cerebellar  Folium. 

A  cerebellar  folium  is  composed  of  a  central  core  of  white  matter,  covered  by  a  layer 
of  gray  matter.  The  gray  cortex  is  arranged  in  two  very  evident  layers,  viz.  a  superficial 
molscnlar  layer  and  a  subjacent  ruat^oloured  granular  layer.  Between  these  strata  a 
single  layer  of  large  cells,  termed  the  cells  of  Purkdnje,  are  disposed  in  the  form  of  a 
very  nearly  continuous  sheet.  The  cells  of  Purkinje  constitute  the  most  ch&racteriBlic, 
and  probably  the  most  essential,  constituents  of  the  cerebellar  oorle^ 

The  cells  of  Purkinje  are  most  numerous  on  the  summit  the 

bottom  of  the  sulci  which  intervene  between  the  folia  they  bec'  nd. 

therefore,  looser  in  their  arrangement.     Each  coneiBts  of  a  lar  nu 
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cell  body,  the  narrow  eud  of  which  projects  into  the  molecular  layer,  whilst  the  thicker, 
deeper  eud  rests  od  the  granular  layer.  From  the  latter  arises  a  single  axon,  which  passes 
into  the  granular  layer  and  presents  the  peculiarity  of  almost  immediately  assuming  its 
medullary  sheath.  From  this  axon  a  few  collateral  branches  soon  arise,  which,  taking  a 
recurreut  course,  enter  the  molecular  layer,  to  end  in  connexion  with  certain  of  the 
adjoining  cells  of  Furkinje.  They  would  seem  to  have  the  function  of  binding  together 
adjacent     cells,     and     thus 

enabling  them  to  carry  on  ~~ 

their  operations  in  harmony 
with  each  other. 

The  dendritic  pTOCMuaa 
spring  from  the  narrow  end 
of  the  cell  either  in  the  form 
of  one  or  perhaps  two  stout 
stalks.  These  ascend  into 
the  molecular  layer,  branch- 
iDg  and  rebranching  until 
an  aborescent  arrangement 
of  extraordinary  richness  and 
extent  results.  The  den- 
dritic branches  extend 
throughout  the  entire 
thickness  of  the  molecular 
layer,  and  the  branching 
takes  place  in  one  plane  only, 
viz.  in  a  plane  which  is  trans- 
verse to  the  long  axis  of  the 
folium.  Consequently,  it  is 
only  when  transverse  sections 
are  made  through  a  folium 
that  the  full  dendritic  effect 
is     obtained  ;     in     sections 

made   parallel    to  the  long  ' 

axis  of  the  folium  the  cells       Fro.  413. — TaANavRRss  Section  throuoh  a  Cbiiebbllaii  Folidm 
are  seen  in  profile,  and  are  >^'  Ki>lliker). 

observed  to  occupy  quite  a  TreiUd  by  the  Golgi  melhod. 

narrow  area  (Fig,  414).    The  P-      Aimi  of  cell  of  Purkiuje. 
branching  of  the  dendriWa  S-     "^  ^^f**- 

ol   a   cell  01   t  urumje   may,  conns.bn  with  the  .kadritea  of  the  cells  of  PutkicyB. 

therefore,   be    compared     to  m.     Small  cell  of  the  molecular  layer. 
that  which  takes   place   in  OR  Qruiule  cell. 

the    case    of    a    fruit-tree  *"^'- *"■"  "'8™"'''' <*"*'■' ""''*^'''"'''r"''"'"""""**'y- 
which  is   trained  acainst  a  ?J.'    5"l'*V'*"t  ...      „     ,  „    , .  • 

niu>.u   u>    vioiuL-u   iifjiuuDi,   a  2K.    Baaket-worlc  arouttd  the  cells  of  Purkinje. 
wall-  GL.    Neuroglial  cell. 

In  the  molecular  layer  N-     Aioh  of  an  uwciation  cell. 
the  cells  are  not  particularly 

Dumerous,  and  of  these  the  most  characteristic  are  the  baaket-cellfl  which  lie  in  the 
deeper  part  of  the  layer.  In  addition  to  numerous  dendrites  the  basket-cell  gives  oS  an 
axon  which  runs  transversely,  as  regards  the  long  axis  of  the  folium,  between  the  planes 
of  adjacent  dendritic  arborisations  of  the  cells  of  Purkinje.  At  first  very  fine  these  axons 
gradually  become  coarse  and  thick,  and  at  intervals  they  give  off  collaterals  which  run 
towards  the  bodies  of  the  cells  of  Purkinje.  Reaching  these,  they  break  up  into  an 
enormous  number  of  fine  terminal  branches,  which  enclose  the  cells  of  Purkinje,  as  well 
as  the  short  non-raedullat«d  portions  of  their  axons,  in  a  close  basket-work  of  fine 
filaments. 

The  gjanular  layer  is,  for  the  most  part,  composed  of  large  numbers  of  small 
granule-like  bodies  closely  packed  together.  Each  of  these  possesses  a  somewhat  large 
nucleus,  with  a  very  small  amount  of  surrounding  protoplasm.  From  the  cell  body  three 
or  four,  or  perhaps  five,  den'  axon  proceed.     The  dendrites  are  short  and 

radiate  out  from  difierent  ■  body.     They  end  in  tufts  of  claw-like  twigs, 

which  either  embrace  or  P  act  with  neighbouring  granule  cells.     The 

whole  multitude  of  grs  arc  brought  into  intimate  connexion  with 

each  other.     The  axon  jular  layer,  in  which  it  ends  at  a  varyinp 
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diatance  from  the  Burfaco  hy  dividing  into  two  bntDches.  These  diverge  so  sharply  from 
each  other  that  they  almost  form  a.  right  angle  with  the  parent  stem,  and  they  run 
parallel  to  the  long  axia  of  the  folium,  threadiDg  their  way  between  the  bnmchee  of  the 
various  dendritic  planes  of  the  cells  of  Furkinje  and  entering  into  contact  association  with 
tliem.  When  the  great  number  of  granule  cells  is  borne  in  mind,  and  the  fact  that  each 
sends  an  axon  into  the  molecular  layer,  the  important  part  which  these  fibres,  with  their 
longitudinal  branches,  take  in  building  up  the  molecular  layer  will  be  understood.  They 
are  found  pervading  its  entire  thickness — from  the  surface  down  to  the  bodies  of  the  cells 
of  Purkinje. 

Near  the  cells  of  Purkinje  a  few  scattered  cells  are  seen  in  the  granular  layer  of  a. 
different  kind.  These  are  much  larger  ^an  the 
ordinary  granule  cells,  and  arc  probably  of  the 
nature  of  association  cells.  They  are  stellate  in 
form,  and  have  numerous  long  branching  dendrites 
and  an  axon  which  divides  up  in  the  granular 
layer  to  a  singular  extent. 

The  white  centre  of  the  folium  becomes 
thinner  as  it  approaches  the  summit.  This  is  due 
to  the  fibres  which  compose  it  gradually  entering' 
the  gray  matter  on  the  surface.  These  fibres 
are  of  three  kinds,  viz. :  (1)  axons  of  the  cells 
of  Purkinje ;  (2)  fibres  which  apparently  end 
in  the  granular  layer;  and  (3)  fibres  which 
end  in  the  molecular  layer. 

The  axons  of  the  cells  of  Parlciiijo  are 
medullated  fibres  which,  entering  the  wbit<) 
centre  of  the  folium,  form  a  not  inconsiderable 
part  o!  it. 

The  fibres  which  end   in  the  granular  layer 

are  called  moBS-flbres.     This  name  is  applied  to 

Fio.  4H.— Section  throtoh  the  Molecuwb  them    because,    in    the    granular     layer,    they 

AND  GiuNuuB  Imters  IK  I'm  LoNo  AXIS  prcseot  at  certain  points  moss-like  thickenings, 

OP  A  CiRBBKLLiR  FoucH  (aftet  KoUiker).  from  which  short  rough  twigs  proceed. 

Treated  by  the  Qolgi  method.  The  fibres  which  proceed  into  the  molecular 

P.     Cell  of  Pnrkiije.  layer  give  off  few  or  perhaps  no  branches  as  they 

QR.  Granule  cells.  traverse  the  granular  layer.     In  the  deeper  part 

K.    Aion  Ota  granule  cell.  ,      ,     ,  of    the    molecular     layer    they    break     up    iuto 

N'.   Axons  of  granule  cells  m  rooleonlar  layer.  ,  ,  ■'i..,      ,''■  j     .. 

varicose     branches,    which    twine    around     the 
primary  and  secondary  stems  of  the  Purkinje  dendrites. 

Entering  iuto  the  constitution  of  the  molecular  l&yer  are  the  following  elements :  (I) 
dendrites  of  the  cells  of  Purkinje  ;  (2)  basket-cells  and  somewhat  smaller  cells  nearer  the 
surface;  (3)  axons  of  the  granule  colls,  with  their  longitudinally  arranged  branches;  (4) 
the  terminations  of  certain  fibres  from  the  white  core  of  the  folium,  which  end  in  contact 
with  the  Purkinje  dendrites. 

In  the  granular  layer  are  found :  (1)  granule  cells ;  (2)  larger  stellate  associatiou 
cells  ;  (3). axons  of  the  cells  of  Purkinje  ;  (4)  moss-fibres  ;  (5)  fibres  traversing  this  layer, 
to  end  in  the  molecular  layer. 

THE  DEEP  CONNEXIONS  OF  THE  CRANIAL  NERVES  ATTACHED  TO  THE 
MEDULLA  AND  PONS. 

There  are  twelve  paira  of  cranial  nerves,  of  which  the  lower  eight  are  attached 
to  the  medulla  and  pons  Varolii.  From  above  downwards  these  are  named  the 
fifth  or  trigeminal,  the  sixth  or  abducent,  the  seventh  or  facial,  the  eighth  or 
auditory,  the  ninth  or  glossopharyngeal,  the  tenth  or  vagus,  the  eleventh  or  spinal 
accessory,  and  the  twelfth  or  hypoglossaL  The  hypoglossal,  the  spinal  accessory, 
the  greater  part  of  the  facial,  the  abducent,  and  the  motor  root  of  the  trigeminal 
are  efferent  nerves ;  the  auditory,  the  pars  intermedia  of  the  facial,  and  the  sensory 
root  of  the  trigeminal  are  purely  afferent  nerves ;  whibt  the  vagus  and  the  glosso- 
pharyngeal are  composed  of  both  efferent  and  afferent  fibres.  In  all  cases  afferent 
fibres  arise  from  gangUonic  cells  placed  outside  the  brain  and  penetrate  the  brain- 
stem, to  end  in  connexion  with  the  celb  of  certain  nuclei  of  tonnination.     Efferent 
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fibres,  on  the  other  hand,  take  origin  within  the  brain  as  the  axons  of  cells  which 
are  grouped  together  in  certain  places  in  the  form  of  nuclei  of  origin. 

Nuclei  of  Origin,  or  Motor  Nuclei. — In  the  spinal  cord  the  nuclei  of  origin  are 
represented  by  elongated  columns  of  cells  which  run  more  or  less  continuously  in 
the  anterior  horn  of  gray  matter  of  successive  cord-segments,  and  from  these  the  series 
of  efierent  anterior  nerve-roots  take  origin.  In  the  medulla  and  pons  the  nuclei  of 
origin,  or,  in  other  words,  the  motor  nuclei  of  the  individual  nerves  become,  for  the 
most  part,  discontinuous,  and  are  represented  by  certain  isolated  clumps  of  compact 
gray  matter,  in  which  are  placed  the  clusters  of  cells  from  which  the  fibres  of  the 
efferent  nerves  arise.  The  nucleus  ambiguus,  however,  which  consists  of  a  column  of 
ceUs  from  which  root  fibres  of  the  medullary  part  of  the  spinal  a,ccessory,  of  the  vagus, 
and  possibly  also  of  the  glossopharyngeal  are  derived,  is  an  exception  to  this  rule. 
At  the  decussation  of  the  pyramids,  the  anterior  horn  of  gray  matter  of  the  cord  is 
broken  up  by  the  intercrossing  bundles  into  a  detached  head  and  a  basal  part  which 
remains  in  relation  with  the  ventro-lateral  aspect  of  the  central  canal.  Certain 
of  the  eflferent  or  motor  nuclei  of  the  medulla  and  pons  lie  in  the  line  of  the  basal 
portion  of  the  ventral  horn  of  gray  matter  of  the  spinal  cord,  and  thus  close  to 
the  mesial  plane.  These  are  termed  mesial  nuclei  of  origin,  and  are  met  with  at 
different  levels  in  the  brain-steuL  This  group  comprises  the  hypoglossal  nucleus, 
the  dorsal  motor  nucleus  of  the  vago-glossopharyngeal  nerve,  the  abducent  nucleus 
(and,  in  the  mesencephalon,  the  trochlear  nucleus  and  the  oculo-motor  nucleus). 
Other  motor  nuclei  of  origin  are  present  in  the  form  of  isolated  clumps  or  columns 
of  gray  matter,  which  lie  at  difTerent  levels  in  the  medulla  and  pons  in  the  line  of 
the  detached  head  of  the  anterior  horn  of  gray  matter.  They  are  the  nucleus 
ambiguus  of  the  spinal  accessory,  the  vagus  and  glossopharyngeal,  the  facial 
nucleus,  and  the  nucleus  of  the  motor  root  of  the  trigeminal  nerve.  From  their 
position  in  the  tegmental  substance  of  the  medulla  and  pons  they  constitute  a  group 
to  which  the  name  of  lateral  motor  nuclei  is  applied. 

The  different  nuclei  of  origin  of  the  efferent  fibres  which  belong  to  the  various 
cranial  nerves,  both  mesial  and  lateral,  are  connected  with  the  motor  area  of  the 
cerebral  cortex  by  fibres  from  the  pyramidal  tract,  which  enter  the  nuclei  and  end 
in  connexion  with  their  cells. 

Nuclei  of  Termination. — In  the  brain  the  nuclei  of  termination  are  likewise 
discontinuous,  and  are  represented  by  more  or  less  isolated  clusters  or  columns  of 
ceUs.  Unlike  the  motor  nuclei,  however,  these  nuclei  show  no  regular  or  definite 
position  within  the  medulla  and  pons.  Some  are  found  in  the  gray  matter  which 
surrounds  the  central  canal,  and  in  its  continuation  upwards  as  the  gray  matter  in 
the  floor  of  the  fourth  ventricle ;  others  are  placed  in  the  tegmental  substance ;  whilst 
two  actually  lie  on  the  surface  of  the  brain-stem,  viz.  the  lateral  and  ventral  nuclei 
of  the  cochlear  or  outer  division  of  the  auditory  nerve. 

The  axons  of  the  cells  of  the  nuclei  of  termination  enter  the  reticular  formation 
of  the  tegmental  substance  as  arcuate  fibres,  and,  crossing  the  mesial  plane,  are 
carried  upwards  in  the  tegmental  substance  of  the  opposite  side  to  establish  direct 
connexions  with  the  optic  thalamus  and  indirect  connexions  with  the  cerebral 
cortex. 

Hjrpogloasal  Nerve  (nervus  hypoglossus). — The  nucleus  of  origin  of  the  hypo- 
glossal nerve,  the  motor  nerve  of  the  tongue,  lies  in  the  substance  of  the  medulla 
oblongata.  It  is  composed  of  several  groups  of  large  multipolar  cells,  which  closely 
resemble  the  cells  in  the  ventral  horn  of  gray  matter  in  the  spinal  cord,  and  is 
pervaded  by  an  intricate  network  of  fine  fibrils.  In  form  it  is  elongated  and 
rod-like,  and  in  length  it  is  somewhere  about  18  mm.  It  extends  from  a  point 
immediately  above  the  decussation  of  the  pyramids  up  to  the  level  of  the  strise 
acusticse.  The  lower  portion  of  the  nucleus  is  thus  placed  in  the  closed  part  of  the 
medulla  (Fig.  397,  p.  493),  whilst  its  upper  part  is  situated  in  the  open  part  of  the 
medulla  (Fig  402,  p.  497).  The  former  lies  in  that  part  of  the  central  gray  matter 
which  IB  continuous  with  the  basal  part  of  the  ventral  horn  of  gray  matter  of  the 
cord.  It  is  thus  placed  on  the  ventral  and  lateral  aspect  of  the  central  canal, 
close  to  the  mesial  plane  and  the  corresponding  nucleus  of  the  opposite  side.  The 
upper  part  of  the  nucleus  occupies  a  position  in  the  gray  matter  on  the  floor  of 
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the  folium  cacuminis  is  the  connecting  band  between  the  postero-Baperior  lobales  of 
the  hemispheres. 

It  should  be  noted  that  this  subdivision  of  the  upper  surface  of  the  cerebellum  is  to  some 
extent  conventional,  and  in  certain  particulars  receives  little  support  from  morphological  data. 

The  lingnla  can  only  be  seen  when  the  part  of  the  cerebellum  which  forms  the 
bottom  of  the  anterior  notch  is  pushed  backwards.  It  consists  of  four  or  five  small 
flat  folia  continuous  with  the  gray  matter  of  the  vermis  superior,  which  are  pro- 
longed forwards  on  the  upper  surface  of  the  superior  medullary  velum  in  the  interval 
between  the  two  superior  cerebellar  peduncles. 

Lobus  Centralis  with  its  Aim. — The  lobulus  centralis  lies  at  the  bottom  of 
the  anterior  cerebellar  notch,  and  is  only  seen  to  a  very  small  extent  on  the  upper 
surCeuse  of  the  organ.  It  is  a  little  median  mass  which  laterally  is  prolonged  out- 
wards for  a  short  distance  round  the  anterior  notch  in  the  form  of  two  expansions, 
termed  the  alse. 

Liobus  Culminis. — The  culmen  monticuli  constitutes  the  liighest  part  or  summit 
of  the  monticulus  of  the  vermis  superior.  It  is  bounded  behind  by  a  deep  and 
strongly  marked  fissure  called  the  flssnra  prima  (Elliot  Smith),  and  is  prolonged 
outwards  on  either  side  into  the  lateral  hemisphere  as  the  anterior  crescentic  lobule. 
This  is  the  most  anterior  subdivision  on  the  upper  surface  of  the  hemisphere.  The 
two  anterior  crescentic  lobules,  with  the  culmen  monticuli,  form  the  lobus  culminis 
cerebellL 

liobus  Clivi — The  clivus  monticuli  lies  behind  the  culmen,  from  which  it  is 
separated  by  the  fissura  prima,  and  it  forms  the  sloping  part  or  descent  of  the 
monticulus  of  the  vermis  superior.  On  each  side  it  is  continuous  with  the  posterior 
cresoentie  lobule  of  the  lateral  hemisphere,  and  the  three  parts  are  included  under 
the  one  name  of  lobus  cliTi 

The  two  crescentic  lobules  on  the  upper  surface  of  the  hemisphere  arc  sometimes  classed 
together  and  described  as  the  lobolns  qoadranfi^aris.  They  are  separated  from  each  other  by  a 
lateral  extension  on  the  upper  surface  of  the  hemisphere  of  tne  fissura  prima,  whilst  the 
posterior  crescentic  lobule  is  bounded  behind  by  a  curved  sulcus  termed  by  Elliot  Smith  the 
iissnra  postlnnata.  The  union  of  the  two  postlunate  furrows  across  the  vermis  separates  the 
dims  from  the  folium  cacuminis,  but  in  many  cases  this  junction  fails  to  take  place. 

Lobus  Cacuminis. — The  folium  cacuminis  forms  the  most  posterior  part  of  the 
vermis  superior,  and  when  the  right  and  left  portions  of  the  great  horizontal  fissure 
are  continuous  across  the  vermis  it  bounds  that  fissure  superiorly  at  the  posterior 
notch.  It  is  a  single  folium,  subject  to  considerable  variation  in  the  degree  of  its 
development,  and  its  surface  may  be  smooth  or  beset  with  rudimentary  secondary 
folia.  It  is  the  median  connecting  link  between  the  two  postero-superior  lobules 
of  the  hemispheres,  the  three  parts  forming  the  lobus  cacuminis.  As  the  folium 
cacuminis  is  traced  outwards  into  the  postero-superior  lobule,  it  is  found  to 
expand  greatly,  and  as  a  result  of  this  the  postero-superior  lobule  on  each  side 
forms  an  extensive  foliated  district  bounding  the  great  horizontal  fissure  above. 

Lobes  on  the  Under  Surface  of  the  Cerebellum. — The  connexion  between 
the  several  parts  of  the  inferior  vermis  and  the  corresponding  districts  on  the 
under  surface  of  the  two  hemispheres  is  not  so  distinct  as  in  the  case  of  the  vermis 
superior  and  the  lobules  on  the  upper  surface  of  the  hemispheres.  A  groove,  the 
sulcus  vallecula,  intervenes  between  the  vermis  inferior  and  the  hemisphere  on 
each  side. 

From  behind  forwards  the  following  subdivisions  of  the  vermis  inferior  may  be 
recognised :  (1)  the  tuber  valvuho  (tuber  vermis) ;  (2)  the  psrramid  (pyramis) ;  (3) 
the  uYula ;  (4)  the  nodule  (nodulus). 

On  the  under  surface  of  the  hemisphere  there  are  four  main  lobules  mapped  out 
by  intervening  fissures.  From  behind  forwards  these  are :  (1)  the  postero-inferior 
lobule,  a  large  subdivision  which  bounds  the  great  horizontal  fissure  on  its  under 
aspect ;  (2)  the  biventral  lobule  (lobulus  biventer)  which  lies  in  front  of  the  postero- 
inferior  lobule,  and  is  partially  divided  into  two  parts  by  a  curved  fissure  which 
traverses  its  surface ;  (3)  the  tonsil  or  amygdala  (tonsilla),  a  small  rounded  lobule 
which  bounds  the  fore-part  of  the  vallecula,  and  is  lodged  in  a  deep  concavity  on 
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The  cleft  between  the  nodule  and  the  uvula  is  termed  the  poitnodnlAr  fluon  (Elliot  Smith) ; 
ih&t  between  the  tlucculus  and  the  biventral  lobule  is  called  the  Soccnlar  flunn. 

The  flocculus  will  uaually  be  observed  tv  be  partiallv  divided  intJ)  two  pieces.  The  aualler 
hinder  portion,  which,  aa  a  rule,  is  completely  overfapped  by  the  overhanging  ed^  of  the 
biventral  lobule,  ia  the  puafloccnlu.  This  assumes  verj'  large  proportions  in  certain  of  the 
lower  maiiimalg. 

Arrangement  of  the  Oray  and  White  Blatter  of  the  Oerebelltun.— The  white 
matter  of  the  cerebellum  fonuB  a  solid  compact  mass  in  the  iaterior,  and  over  this 
is  spread  a  con- 
tinuous and  Uni-  Culmen  monUcull 
form  layer  of  gray 
matter.     In  each 
lateral     hemi- 
sphere the  white     ^Jh^ 
central    core    is 
more  bulky  than 


lohe  or  worm,  in        MWd 

which  the  central   csnb«iiu 

white  matter   is 

reduced  to  a  re-     laitriit 

latively      thin 

bridge  thrown 

acroBB  between 

the    two    lateral  ^^^  410.— 8Aoirr.L  8«cnoM  laaonoH  thb  Lbm  Latbh*l  Hehispbbbb 

hemispberea.  Ine  of  thi  circbilldu, 

white   matter    in  Showing  the  "Hborvite"  and  the  corpus  dentstnni. 

the  interior  of  the 

median  lobe  or  worm  is  termed   the  corpna  trapemldas.     When  B^ttal  sections 

are  made  through  the  cerebellum,  the  gray  matter  on  the  surface  stands  out  clearly 

from  the  white  matter  in  the  interior.     Further,  from  all  parts  of  the  surface  of 


lor  quulri|{eiDliu]  body 


Htddle  ntnl 
Inltdor  enrst 


Pin-  411.— From  a  diBBection  by  Dr.  Edwarit  B.  Jnniieson  in  the  AniitoniicBl  Depirtmeiit  of  the  UDiverBily  of 
KIlnbDrgh.  The  corpus  deiilatom  is  displajed  from  above  ami  the  luperior  eerebellar  peduncle 
ha>  been  traced  from  it  to  tbf  me.'^Dcephitlon. 

the  central  core  stout  stems  of  white  matter  are  seen  projecting  into  the  lobes  of 
the  cerebellum.     From  the  aides  of  these  white  stems  secondary  branches  proceed 
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at  various  angles,  and  from  these  again  tertiary  branches  are  given  off.  Over  the 
various  lamellae  of  white  matter  thus  formed  the  gray  cortex  is  spread,  and  the 
fissures  on  the  surface  show  a  corresponding  arrangement,  dividing  up  the  organ 
into  lobes,  lobules,  and  folia.  When  the  cerebellum  is  divided  at  right  angles  to 
the  general  direction  of  its  fissures  and  folia,  a  highly  arborescent  appearance  is 
thus  presented  by  the  cut  surface.  To  this  the  term  arbor  vit»  ceiBbelli  is  applied. 
Corpus  Dentatum  and  other  Gray  Nuclei  in  the  White  Blatter  of  the 
OerebeUum. — Embedded  in  the  midst  of  the  mass  of  white  matter  which  forms  the 
central  core  of  each  lateral  hemisphere  there  is  an  isolated  nucleus  of  gray  matter, 
which  presents  a  strong  resemblance  to  the  inferior  olivary  nucleus  of  the  medulla. 
It  is  called  the  corpns  dentatnm  (nucleus  dentatus),  and  it  consists  of  a  corrugated 
or  plicated  lamina  of  gray  matter,  which  is  folded  on  itself  so  as  to  enclose,  in  a 
flask-like  manner,  a  portion  of  the  central  white  matter  (Figs.  410  and  411). 
This  gray  capsule  is  not  completely  closed.  It  presents  an  open  mouth,  termed 
the  hilum,  which  is  directed  inwards  and  upwards,  and  out  of  this  stream  the 
great  majority  of  the  fibres  of  the  superior  cerebellar  peduncle. 

Three  small  additional  masses  of  gray  matter  are  also  present  on  either  side  of  the  mesial 
plane  in  the  central  white  matter  of  the  cerebellum.  Tnese  are  termed  the  nucleus  emboli- 
formis,  the  nucleus  globosus,  and  the  nucleus  fafltigii.  The  nncleos  emboliformlB  or  embolus  is  a 
small  lamina  of  gray  matter  which  lies  immediately  internal  to  the  hilum  of  the  corpus  dentatum, 
beinff  thus  related  to  it  somewhat  in  the  same  manner  that  the  mesial  accessory  ouvary  nucleus 
is  related  to  the  main  inferior  olivary  nucleua  The  nucleus  globosns  lies  internal  to  the  embohiii 
and  on  a  somewhat  deeper  horizontal  plane.  The  nacleuB  fastigii  or  roof  nadena  is  placed  in 
the  white  substance  of  the  worm  (corpus  trapezoides)  close  to  the  mesial  plane  and  its  fellow  of 
the  opposite  side.    It  is,  therefore,  situated  on  the  mesial  aspect  of  the  nucleus  globosus. 

Although  isolated  from  the  gray  matter  of  the  surface,  these  small  nuclei  and  the  corpus 
dentatum  are  connected  at  certain  points  with  each  other.  The  corpus  dentatum  and  the 
embolus  present  a  structure  very  similar  to  that  of  the  inferior  olivary  nucleua  In  the  nucleus 
globosus  and  the  nucleus  fastigii  the  cells  are  somewhat  larger  in  size. 

Oerebellai*  Peduncles. — These  are  three  in  number  on  each  side,  viz.  the  middle, 
the  inferior,  and  the  superior  (Fig.  391,  p.  487).  The  fibres  of  which  they  are 
composed  all  enter  or  emerge  from  the  white  medullary  centre  of  the  cerebellum. 

The  middle  peduncle  is  much  the  largest  of  the  three,  and  has  already  been 
described  on  pp.  486  and  501.  It  is  formed  by  the  transverse  fibres  of  the  pons, 
and  it  enters  the  cerebellar  hemisphere  on  the  outer  aspect  of  the  other  two 
peduncles.  The  lips  of  the  anterior  part  of  the  great  horizontal  fissure  are 
separated  widely  from  each  other  to  give  it  admission  (Fig.  409).  Within  the 
cerebellar  hemisphere  its  fibres  are  distributed  in  two  great  bundles.  Of  these, 
one,  composed  of  the  upper  transverse  fibres  of  the  pons,  radiates  out  in  the  lower 
part  of  the  hemisphere ;  whilst  the  other,  consisting  of  the  lower  transverse  fibres 
of  the  pons,  spreads  out  in  the  upper  part  of  the  hemisphere. 

The  inferior  peduncle  is  simply  the  restiform  body  of  the  medulla.  After 
leaving  the  medulla  it  ascends  for  a  short  distance  on  the  dorsal  surface  of  the 
pons  and  then  turns  sharply  backwards,  to  enter  the  cerebellum  between  the  other 
two  peduncles. 

The  superior  peduncle,  as  it  issues  from  the  cerebellum,  lies  close  to  the  inner 
side  of  the  middle  peduncle  (Fig.  409).  Its  further  course  upwards  on  the  dorsum 
of  the  pons  to  the  inferior  quadrigeminal  body  has  been  previously  described  (pp. 
486  and  503). 

Connexions  established  by  the  Peduncular  Fibres.— The  fibres  of  the  middle 

peduncle  are  both  afferent  and  efferent.  The  connexions  which  they  establish  in  the 
pons  are  described  on  p.  501.  The  efferent  fibres  arise  from  cells  in  the  gray  cortex  of  tlie 
lateral  hemisphere  (also  probably  to  some  small  extent  in  the  cortex  of  the  vermis),  and 
end  in  connexion  with  the  cells  of  the  nucleus  pontis,  and  likewise  in  the  tegmental  part 
of  the  pons.  The  afferent  fibres,  arising  in  the  pons,  end  in  the  gray  cortex  of  the  lateral 
hemisphere  of  the  cerebellum,  and  perhaps  also  in  the  cortex  of  the  worm. 

The  inferior  peduncle  is  also  composed  of  afferent  and  efferent  fibres  (see  p.  496) ;  only 
the  more  important  connexions  which  these  establish  in  the  cerebellum  can  be  touched  on 
here.  The  principal  afferent  strand  is  the  direct  cerebellar  tmct.  The  fibres  of  this 
strand  end  in  the  cortex  of  the  superior  worm  on  both  sides  of  the  mesial  plane,  but 
chiefly  on  the  opposite  side.     The  cerehello-olivary  fibres  are  also  probably  afferent.     It 
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appears  that  they  end  iu  connexion  with  cells  in  the  cortex  of  both  the  worm  and  hemi- 
sphere, and  also  cells  in  the  nucleus  dentatus.  The  numerous  arcuate  Jiiyres  which  enter 
the  inferior  pedimcle  establish  connexions  with  cells  in  the  cortex  of  the  lateral  hemisphere 
and  of  the  worm. 

The  superior  peduncle  is  an  efferent  tract  The  majority  of  its  fibres  come  from 
the  cells  of  the  nucleus  dentatus,  whilst  a  small  proportion  appear  to  come  from  the  cere- 
bellar cortex.  According  to  Risien  Russell,  the  fibres  which  form  the  dorsal  edge  of  the 
iMind  come  from  the  opposite  side  of  the  cerebellum  and  cross  the  mesial  plane  to  join  the 
peduncle. 

Our  knowledge  of  the  connexions  of  the  peduncles  of  the  cerebellum  has  been  greatly 
extended  by  Ferrier  and  Aldren  Turner ;  and  the  account  which  is  given  above,  and  also  at 
p.  501,  is  largely  derived  from  their  memoir  on  this  subject. 

Commissural  and  Association  Fibres. — In  addition  to  those  fibres  of  the  white 

medullary  centre  which  belong  to  the  system  of  peduncles,  there  are  others  which  have 
exclusively  cerebellar  connexions.  Thus  the  various  folia  are  bound  together  by  numerous 
association  fibres,  which  pass  from  one  folium  into  another  around  the  bottom  of  the  inter- 
vening fissure.  Tracts  of  transversely-directed  commissural  fibres  cross  the  mesial  plane 
in  the  white  centre  of  the  vermis,  connecting  corresponding  parts  of  opposite  sides.  These, 
in  some  measure,  are  analogous  to  the  corpus  callosum  of  the  cerebrum.  The  roof  nuclei 
are  also  closely  bound  by  connecting  fibres  with  the  cortex. 

Medullary  Vela. — The  medullary  vela  are  closely  associated  with  the  cerebellar 
pedunclea  They  consist  of  two  thin  laminae  of  white  matter,  which  are  projected 
out  from  the  white  central  core  of  the  cerebellum. 

The  superior  medullary  velum  is  described  on  p.  486.  Laterally,  it  is  continuous 
with  the  dorsal  edges  of  the  superior  cerebellar  peduncles;  whilst,  inferiorly,  it 
is  prolonged  downwards  and  backwards  under  the  Ungula  and  the  central  lobule  of 
the  superior  worm,  to  become  continuous  with  the  central  white  matter  or  corpus 
trapezoides  of  the  worm. 

The  inferior  medullary  velum  is  more  complicated  in  its  connexions.  It  presents 
much  the  same  relations  to  the  nodule  of  the  inferior  vermiform  process  that  the 
superior  velum  presents  to  the  lingula  of  the  superior  vermiform  process.  It  is  a 
wide  thin  lamina  of  white  matter — so  thin  that  it  is  translucent— which  is  pro- 
longed out  from  the  white  centre  of  the  cerebellum  above  the  nodule.  From  the 
nodule  it  stretches  outwards  to  the  flocculus  on  each  side,  thereby  bringing  these 
three  small  portions  of  the  cerebellum  into  association  with  each  other  (Fig.  409). 
Where  it  issues  from  the  white  matter  of  the  cerebellum  it  is  in  contact  with  the 
superior  medullary  velum,  but,  as  the  two  laminae  are  traced  forwards,  they 
diverge  from  each  other.  The  superior  velum  is  carried  upwards  between  the 
two  superior  cerebellar  peduncles,  whilst  the  inferior  medullary  velum  is  curved 
forwards  and  then  downwards  round  the  nodule,  and  ends  at  a  variable  point  in 
a  free,  slightly  thickened,  crescentic  edge.  The  cavity  of  the  fourth  ventricle 
is  carried  backwards  into  the  cerebellum  between  the  two  vela,  which  thus  form 
a  peaked  and  tent-like  root  for  it. 

Relation  of  the  Tract  of  Gowers  to  the  Superior  Medullary  Velum. — The 

ascending  tract  of  Gowers  has  been  noticed  in  connexion  with  the  lateral  column  of  the 
cord  (p.  469).  The  fibres  which  compose  it  are  carried  upwards  through  the  formatio 
reticularis  grisea  of  the  medulla  and  the  corresponding  part  of  the  tegmental  portion  of 
the  pons.  In  this  part  of  its  course  the  fibres  are  scattered  and  do  not  form  a  compact 
strand.  Reaching  the  upper  end  of  the  pons  the  tract  turns  backwards,  enters  the 
superior  medullary  velum,  and  proceeds  downwards  in  it  into  the  cerebellum. 

Roof  of  the  Fourth  Ventricle. — In  its  upper  part  the  roof  of  the  fourth 
ventricle  is  formed  by  the  superior  medullary  velum  as  it  stretches  across  between 
the  two  superior  cerebellar  peduncles,  and  also,  to  some  extent,  by  the  approximation 
of  these  peduncles  themselves  as  they  approach  the  mesencephalon. 

In  its  lower  part  the  roof  of  the  ventricle  is  exceedingly  thin  and  is  not  all 
formed  of  nervous  matter.  The  inferior  medullary  velum  enters  into  its  formation, 
and,  where  this  fails,  the  epithelial  lining  of  the  cavity,  supported  by  pia  mater,  is 
carried  downwards  towards  the  lower  boundaries  of  the  floor  of  the  ventricle.  At 
the  lowest  part  of  the  calamus  scriptorius^  and  also  along  each  lateral  boundary  of 
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the  floor,  a.  thin  lamina  of  white  matter  is  carried  for  a  short  dielance  over  the 
epithelial  roof.  The  small  seinilimar  lamina  which  stretches  across  between  the 
lower  parts  of  the  two  clavse  at  the  calamus  scriptorius  and  overhangs  the  opening 
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nifluiu  ciorold  |>l«i<u  in  nnCrfsli  IV. 

FlO.  412.— MUIAL  SEOTtOK    THUOUaB   THE  COBFCa   CALLOeUll,  THB    BbUlHCBPBALOll.  THE   POHS,  MiDDLU, 
AND    CBRBBELLDK. 

Showiug  tlie  third  and  fourth  ventricles  joined  by  the  aqueduct  or  Bylviua. 

of  the  central  canal  is  termed  the  obex  (Fig.  391,  p.  487).  The  lamina  in  connexion 
with  the  lateral  boundaiy  of  the  ventricuUr  floor  is  more  extensive,  and  is  called 
the  llgnla  (Figs.  388  and  390).  It  begins  on  the  clava  and  passes  upwards  over  the 
cuneate  tubercle  to  the  reatiform  body.  On  the  outer  surface  of  the  restiform  body 
it  turns  outwards  so  as  to  bound  the  lateral  recess  of  the  ventricle  below,  and  in  some 
cases  it  may  be  seen  to  become  continuous  around  the  extremity  of  the  lateral 
recess  with  the  inferior  medullary  velum. 

A  short  distance  above  the  calamus  scriptorius  there  is,  in  the  mesial  plane,  an 
opening  in  the  epithelial  and  pial  roof  of  the  ventricle,  by  which  the  cavity  of  the 
ventricle  communicates  with  the  subarachnoid  space.  This  opening  is  termed  the 
foramen  of  Majendis.  There  is  also  an  aperture  of  a  similar  nature  in  the  epithelial 
and  pial  roof  at  the  extremity  of  each  lateral  recess. 

Two  ohoroid  plexuses,  or  highly  vascular  infoldings  of  the  pia  mater,  invaginate 
the  lower  part  of  the  roof  of  the  fourth  ventricle.  These  are  placed  one  on  either 
side  of  the  mesial  plane,  and,  although  they  appear  to  lie  within  the  cavity,  they 
are  in  reality  excluded  from  it  by  the  epithelial  lining  of  the  ventricle,  which  covers 
over  and  is  adapted  to  every  sinuosity  on  their  surface. 

Two  lateral  otishoots  from  these  longitudinal  choroid  plexuses  proceed  outwards, 
and  protrude  in  a  similar  manner  into  the  lateral  recesses. 

Minute  Strdctdrb  of  a  Cerbbkllar  Folidm. 

A  cerebellar  folium  ia  composed  of  a  central  core  of  white  matter,  covered  by  a  lnjer 
of  gray  matter.  The  gray  cortei  is  arranged  in  two  very  evident  layers,  viz.  a  superficial 
molecnlar  layer  and  a  subjacent  ruat-coloured  granular  layer.  Between  these  strata  a 
single  layer  of  large  celts,  termed  the  cells  of  PurkmJe,  are  disposed  iu  the  form  of  a 
very  nearly  continuous  sheet  The  cells  of  PurkLnje  constitute  the  most  characteristic, 
and  probably  the  moat  essential,  constituents  of  the  cerebellar  cortei. 

The  cells  of  Purkinje  are  most  numerous  on  the  summit  of  the  folium.  At  the 
bottom  of  the  sulci  which  intervene  between  the  folia  they  become  fewer  in  number,  and, 
therefore,  looser  in  their  arrangement.     Kach  consists  of  a  large  flask-shaped  or  pyrifomi 
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cell  body,  the  Darrow  end  of  which  projects  into  the  molecular  layer,  whilst  the  thicker, 
deeper  end  rests  on  the  granular  layer.  From  the  latter  arises  a  single  axon,  which  pasaea 
into  the  granular  layer  and  preaenta  the  peculiarity  of  almost  immediately  spuming  ita 
medullary  sheath.  From  this  axon  a  few  collateral  branches  soon  arise,  which,  taking  a 
recurrent  course,  enter  the  molecular  layer,  to  end  in  connexion  with  certain  of  the 
adjoining  cells  of  Furkinje.  They  would  seem  to  have  the  function  of  binding  together 
adjacent  cells,  and  thus 
enubliu)^  them  to  carry  on  " 

their  operations  in  harmony 
with  each  other.  ' 

The  dandxitic  proceflBes 
spring  from  the  narrow  end 
of  the  cell  either  in  the  form 
of  one  or  perhaps  two  stout 
stalks.  These  ascend  into 
the  molecular  layer,  branch- 
ing and  rebranching  until  ' 
an  aboreacent  arrangement 
of  ei  traordinary  richness  aud 
extent  results.  The  den- 
dritic branches  extend 
throughout  the  entire 
thickness  of  the  molecular 
layer,  and  the  branching 
takes  place  in  one  plane  only, 
riz.  iu  a  plane  which  is  trana- 
veise  to  the  long  axis  of  the 
folium.  Consequently,  it  is 
only  when  transverse  sections 
are  made  through  a  folium 
that  the  full  dendritic  effect 
is  obtained  ;  in  sections 
made    parallel    to  the  long 

axis  of  the  folium  the  cells       Fia  413. — Ta&NBvaitsB  SsmoK  TRiiouaB  a  Cbrebellab  Foliuu 
are  seen  in  profile,  and  are  '*»^  Kolliker). 

observed   to  occupy  i)uit«  a  Treated  by  the  Golgi  method. 

narrow  area(Fig.  414).    The  P.      Axon  of  cell  of  Pnrkinje. 

branching  of  the  dendrites  !!■      "^  ^^"^-  ,         ^  ^ , ,.  ,.  ,     ,     . 

_t  „  _  II  _i  n  1 -_■  „  K  and  K'.  Fibres  from  white  core  of  fouum  eudinir  in  molecular  layar  m 
of  a  cell  of  Purkmje  may,  comiexion  with  the  demiritc,  of  the  cbIU  of  PurkiAJe. 

therefore,   be    compared     to  m.     Small  cell  of  the  molecular  layer. 
that  which  takes   place   in  OR-  Oi-aimle  cell. 

the    case    of    a    fruit-tree  "^I*'- ^"""'f  8™°"'' ""*'"  ""''*°'''"'''r"'<™""'^'"^')'- 
whicb   is    trained  against  a  "r.   ^ktlwo'k  arouid  th«  cell»  of  Purkinje. 
*all.  OU    Neuroglial  cell. 

In  the  molecular  layer  N.     Axon  or  an  auociation  call. 
the  cells  are  uot  particularly 

numerous,  and  of  these  the  most  characteristic  are  the  baaket-cells  which  lie  in  the 
deeper  part  of  the  layer.  In  addition  to  numerous  dendrites  the  basket-cell  gives  off  an 
axon  which  runs  transversely,  as  regards  the  long  axis  of  the  folium,  between  the  planes 
uf  adjacent  dendritic  arborisations  of  the  cells  of  Purkinje.  At  first  very  fine  these  axons 
gradually  become  coarse  and  thick,  and  at  intervals  they  give  off  collaterals  which  run 
towards  the  bodies  of  the  cells  of  Purkinje.  Reaching  these,  they  break  up  into  an 
enormous  number  of  fine  terminal  branches,  which  enclose  the  cells  of  Purkinje,  as  well 
as  the  short  non-medu Hated  portions  of  their  axons,  in  a  cloee  basket-work  of  fine 
filaments. 

The  granular  layer  is,  for  the  most  part,  compKised  of  large  numbers  of  small 
granule-like  bodies  closely  packed  together.  Each  of  these  possesses  a  somewhat  large 
nucleus,  with  a  very  small  amount  of  surrounding  protoplasm.  From  the  cell  body  three 
or  four,  or  perhaps  five,  dendrites  and  one  axon  pro<:ecd.  The  dendrites  are  short  and 
radiate  out  from  different  aspects  of  the  cell  body.  They  end  in  tufts  of  claw-like  twigs, 
which  either  embrace  or  are  otherwise  in  contact  with  neighbouring  granule  cells.  The 
whole  multitude  of  granule  cells,  therefore,  are  brought  into  intimate  connexion  with 
each  other.  The  axon  passes  into  the  molecular  layer,  in  which  it  ends  at  a  varyinp 
37 
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distance  from  tho  surface  by  dividiog  iato  two  branches.  These  diverge  so  sharply  from 
each  other  that  they  almost  form  a  right  angle  with  the  parent  stem,  and  they  run 
parallel  to  the  long  axis  of  the  folium,  threading  their  way  between  the  branches  of  the 
various  dendritic  planes  of  the  cells  of  Furkinje  and  entering  into  contact  association  witli 
them.  When  the  great  number  of  granule  cells  is  borne  in  mind,  and  the  fact  that  each 
sends  an  ason  into  the  molecular  layer,  the  important  part  which  these  fibres,  with  their 
longitudinal  branches,  take  in  building  up  the  molecular  layer  will  be  understood.  They 
are  found  pervading  ita  entire  thickness — from  the  surface  down  to  the  bodies  of  the  cella 
of  Purkinje. 

Near  the  cells  of  Purkinje  a  few  scattered  cells  are  seen  in  the  granular  layer  of  a 
different  kind.  These  are  much  larger  than  the 
ordinary  granule  cells,  and  are  probably  of  tbe 
nature  of  association  cells.  They  are  stellate  in 
form,  and  have  numerous  long  branching  dendrites 
and  an  aion  which  divides  up  in  the  granular 
layer  to  a  singular  extent. 

The  white  centre  of  tbe  folium  becomes 
thinner  as  it  approaches  the  summit.  This  is  due 
to  the  fibres  which  compose  it  gradually  entering 
the  gray  matter  on  the  surface.  These  fibres 
are  of  three  kinds,  viz. :  (1)  axons  of  the  cells 
of  Purkinje ;  (2)  fibres  which  apparently  end 
in  the  granular  layer;  and  (3)  fibres  which 
end  in  the  molecular  layer. 

The  axons  of  the  cells  of  Pnrkdiije  are 
medullatod  fibres  which,  entering  tbe  white 
centre  of  the  folium,  form  a  not  inconsiderable 
part  of  it. 

The  fibres  which  end  in  the  granular  layer 

are  called  moBS-flbres.     This  name  is  applied  to 

Fio.  4H.— Sbctiok  THBoiroH  TBK  MoLKcnr.AH  them    because,    in    the    granular     layer,    they 

AND  OaiNULiR  Latebs  im  TBE  LoNQ  AXIS  prcsont  at  certain  points  moss-like  tbickeuiugs, 

OP  A  Ckbbbbllar  Fouuh  (nfiCT  KiillikBrl.   {^j^  „hich  short  rough  twigs  proceed. 

Treated  by  the  Golgi  mathod.  The  fibres  which  proceed   into  tbe  molecular 

P.     Cell  of  Purkinje.  layer  give  off  few  or  perhaps  no  branches  as  they 

QR.  Granule  sella.  traverse  the  granular  layer.     In  tlie  deeper  part 

N.     AioD  Ota  granule  cell.  ,      ,     ,  of    the    molecular    layer    they    break     up    into 

N'.   AioBB  of  grODUle  oelU  in  molecnUr  layer.  l         l  l-  i      .    ■  j     .l 

varicose     branches,    which     twine    around     the 
primary  and  secondary  stems  of  the  Purkinje  dendrites. 

Entering  into  tbe  constitution  of  the  molecolax  lajta  are  tbe  following  elements:  (1) 
dendntes  of  the  cells  of  Purkinje  ;  (2)  basket^ells  and  somewhat  smaller  cells  nearer  the 
surface;  (3)  axons  of  the  granule  cells,  with  their  longitudinally  arranged  branches;  (4) 
the  terminations  of  certain  fibres  from  the  white  core  of  the  folium,  which  end  in  contact 
with  tbe  Purkinje  dendrites. 

In  the  giannlar  layer  are  found:  (1)  granule  cells;  (2)  larger  stellate  association 
cells  ;  (3).aions  of  the  cells  of  Purkinje  ;  (4)  moss-fibres  ;  (5)  fibres  traversing  this  layer, 
to  end  in  the  molecular  layer. 

THE  DEEP  CONNEXIONS  OF  THE  CRANIAL  NERVES  ATTACHED  TO  THE 
MEDULLA  AND  PONS. 

There  are  twelve  pairs  of  cranial  nerves,  of  which  the  lower  eight  are  attached 
to  the  medulla  and  pons  Varolii.  From  above  downwards  these  are  named  the 
fifth  or  trigeminal,  the  sixth  or  abducent,  the  seventh  or  facial,  the  eighth  or 
auditory,  the  ninth  or  glossopharyngeal,  the  tenth  or  vagus,  the  eleventh  or  spinal 
accessory,  and  the  twelfth  or  hypoglossal.  The  hypoglossal,  the  spinal  accessory, 
the  greater  part  of  the  facial,  the  abducent,  and  the  motor  root  of  the  trigeminal 
are  elferent  nerves ;  the  auditory,  the  pars  intermedia  of  the  facial,  and  the  sensoiy 
root  of  the  trigeminal  are  purely  afferent  nerves ;  whilst  the  vagus  and  the  glosso- 
pharyngeal are  composed  of  both  efferent  and  afferent  fibres.  In  all  cases  afferent 
fibres  arise  from  ganglionic  cells  placed  outside  the  brain  and  penetrate  the  brain- 
stem, to  end  in  connexion  with  the  cells  of  certain  andel  of  termiiuition.     Efferent 
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fibres,  on  the  other  hand,  take  origin  within  the  brain  as  the  axons  of  cells  which 
are  grouped  together  in  certain  places  in  the  form  of  nuclei  of  origin. 

Nuclei  of  Origin,  or  Motor  Nuclei. — In  the  spinal  cord  the  nuclei  of  origin  are 
represented  by  elongated  columns  of  cells  which  run  more  or  less  continuously  in 
the  anterior  horn  of  gray  matter  of  successive  cord-segments,  and  from  these  the  series 
of  efferent  anterior  nerve-roots  take  origin.  In  the  medulla  and  pons  the  nuclei  of 
origin,  or,  in  other  words,  the  motor  nuclei  of  the  individual  nerves  become,  for  the 
most  part,  discontinuous,  and  are  represented  by  certain  isolated  clumps  of  compact 
gray  matter,  in  which  are  placed  the  clusters  of  cells  from  which  the  fibres  of  the 
efferent  nerves  arise.  The  nucleus  ambiguus,  however,  which  consists  of  a  column  of 
cells  from  which  root  fibres  of  the  medullary  part  of  the  spinal  accessory,  of  the  vagus, 
and  possibly  also  of  the  glossopharyngeal  are  derived,  is  an  exception  to  this  rule. 
At  the  decussation  of  the  pyramids,  the  anterior  horn  of  gray  matter  of  the  cord  is 
broken  up  by  the  intercrossing  bundles  into  a  detached  head  and  a  basal  part  which 
remains  in  relation  with  the  ventro-lateral  aspect  of  the  central  canaL  Certain 
of  the  efferent  or  motor  nuclei  of  the  medulla  and  pons  lie  in  the  line  of  the  basal 
portion  of  the  ventral  horn  of  gray  matter  of  the  spinal  cord,  and  thus  close  to 
the  mesial  plane.  These  are  termed  mesial  nuclei  of  origin,  and  are  met  with  at 
different  levels  in  the  brain-stem.  This  group  comprises  the  hypoglossal  nucleus, 
the  dorsal  motor  nucleus  of  the  vago-glossopharyngeal  nerve,  the  abducent  nucleus 
(and,  in  the  mesencephalon,  the  trochlear  nucleus  and  the  oculo-motor  nucleus). 
Other  motor  nuclei  of  origin  are  present  in  the  form  of  isolated  clumps  or  columns 
of  gray  matter,  which  lie  at  different  levels  in  the  medulla  and  pons  in  the  line  of 
the  detached  head  of  the  anterior  horn  of  gray  matter.  They  are  the  nucleus 
ambiguus  of  the  spinal  accessory,  the  vagus  and  glossopharyngeal,  the  facial 
nucleus,  and  the  nucleus  of  the  motor  root  of  the  trigeminal  nerve.  From  their 
position  in  the  tegmental  substance  of  the  medulla  and  pons  they  constitute  a  group 
to  which  the  name  of  lateral  motor  nuclei  is  applied. 

The  different  nuclei  of  origin  of  the  efferent  fibres  which  belong  to  the  various 
cranial  nerves,  both  mesial  and  lateral,  are  connected  with  the  motor  area  of  the 
cerebral  cortex  by  fibres  from  the  pyramidal  tract,  which  enter  the  nuclei  and  end 
in  connexion  with  their  cells. 

Nuclei  of  Termination. — In  the  brain  the  nuclei  of  termination  are  likewise 
discontinuous,  and  are  represented  by  more  or  less  isolated  clusters  or  columns  of 
ceUs.  Unlike  the  motor  nuclei,  however,  these  nuclei  show  no  regular  or  definite 
position  within  the  medulla  and  pons.  Some  are  found  in  the  gray  matter  which 
surrounds  the  central  canal,  and  in  its  continuation  upwards  as  the  gray  matter  in 
the  floor  of  the  fourth  ventricle ;  others  are  placed  in  the  tegmental  substance ;  whilst 
two  actually  lie  on  the  surface  of  the  brain-stem,  viz.  the  lateral  and  ventral  nuclei 
of  the  cochlear  or  outer  division  of  the  auditory  nerve. 

The  axons  of  the  cells  of  the  nuclei  of  termination  enter  the  reticular  formation 
of  the  tegmental  substance  as  arcuate  fibres,  and,  crossing  the  mesial  plane,  are 
carried  upwards  in  the  tegmental  substance  of  the  opposite  side  to  establish  direct 
connexions  with  the  optic  thalamus  and  iadirect  connexions  with  the  cerebral 
cortex. 

Hjrpoglosaal  Nerve  (nervus  hypoglossus). — The  nucleus  of  origin  of  the  hypo- 
glossal nerve,  the  motor  nerve  of  the  tongue,  lies  in  the  substance  of  the  medulla 
oblongata.  It  is  composed  of  several  groups  of  large  multipolar  cells,  which  closely 
resemble  the  cells  in  the  ventral  horn  of  gray  matter  in  the  spinal  cord,  and  ib 
pervaded  by  an  intricate  network  of  fine  fibrils.  In  form  it  is  elongated  and 
rod-like,  and  in  length  it  is  somewhere  about  18  mm.  It  extends  from  a  point 
immediately  above  the  decussation  of  the  pyramids  up  to  the  level  of  the  strise 
acustic^.  The  lower  portion  of  the  nucleus  is  thus  placed  in  the  closed  part  of  the 
medulla  (Fig.  397,  p.  493),  whilst  its  upper  part  is  situated  in  the  open  part  of  the 
medulla  (Fig  402,  p.  497).  The  former  lies  in  that  part  of  the  central  gray  matter 
which  is  continuous  with  the  basal  part  of  the  ventral  horn  of  gray  matter  of  the 
cord.  It  is  thus  placed  on  the  ventral  and  lateral  aspect  of  the  central  canal, 
close  to  the  mesial  plane  and  the  corresponding  nucleus  of  the  opposite  side.  The 
upper  part  of  the  nucleus  occupies  a  position  in  the  gray  matter  on  the  floor  of 
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the  fotuth  ventricle,  Bubjacent  to  the  inner  part  of  the  surface  area,  which  has  been 
described  under  the  name  of  the  trigonum  hypogloasi.  Within  the  nucleus  the 
axons  of  the  cells  arrange  themselves  in  converging  bundles  of  fine  fibres,  which 
come  together  and  leave  the  ventral  aspect  of  the  nucleus  as  the  fasciculi  of  the 
nerve.  The  nerve  bundles  thus  formed  traverse  the  entire  antero-posterior  thickness 
of  the  medulla  between  the  formatio  reticularis  grisea  and  the  formatio  reticularis 
alba,  ahd  emerge  on  the  surface  in  linear  order  at  the  bottom  of  the  furrow  between 
the  olivary  eminence  and  the  pyramid.  In  the  substance  of  the  medulla  the  root- 
bundles  of  the  hypoglossal  pass  between  the  main  inferior  ohvary  nucleus  and  the 
mesial  accessory  olivary  nucleus,  and  many  of  them  on  their  way  to  the  surface 
pierce  the  ventral  lamina  of  the  maio  olivary  nucleus. 

No  ctecussation  between  the  nerves  of  opposite  sidea  takes  place  in  the  medulla,  but 
commissural  Bbres  pass  between  the  two  nuclei  (Kolliker).  Further,  numerous  fibres  from 
the  opposite  pyramidal  tract  enter  the  nucleus  and  end  in  connexion  nitb  its  cells.  The 
nucleus  is  thus  brought  into  connexion  with  the  motor  area  of  the  opposite  side  of  the 
cerebraK  cortex. 

Spinal  AccesBOiy  Nerre  (nervue  accessorius). — The  spinal  accessory  is  likewise 
a  motor  nerve,  and  it  is  generally  described  as  consisting  of  a  spinal  and  a  medullaiy 
or  accessory  part. 

Column  of  Ooll  Colninii  of  Dordach 


Fio.  415,— Di 
ORiniH  OF  THB  Spinal  Accessory 
Nehvi  {atter  Bruce). 

Ficj.  418.— Section  thbouoh  the  Uppbh  P*kt 

Cebticai.  Beoion  of  THB  CORD  (Or«ng), 

showing  tbe  origin  or  the  apinaJ  part  of  (he  epinnl 

The  spinal  part  of  the  nerve  emerges  by  a  series  of  roots  which  iaaue  from  the 
surface  of  the  lateral  column  of  the  upper  part  of  the  cord  as  low  down  as  the  fifth 
cervical  nerve.  These  take  origin  in  a  column  of  cells  situated  in  the  anterior  horn 
of  gray  matter  of  the  cord  close  to  its  lateral  margiL,  and  immediately  behind  the 
nerve-cella  which  give  rise  to  the  fibres  of  the  anterior  roots  of  the  upper  five 
cervical  nerves.  The  cells  of  the  accessory  nucleus  are  large,  multipolar,  and  in 
every  respect  similar  to  the  motor  cells  of  the  spinal  nerves.  The  axons  from  the« 
cells  leave  the  dorsal  aspect  of  the  nucleus  in  converging  groups  to  form  the  root- 
bundles  of  tbe  nerve.  These,  in  the  first  place,  proceed  straight  backwards  in  the 
anterior  horn  of  gray  matter.  Eeaching  the  hay  between  the  two  horns  of  gray 
matter,  they  tiim  sharply  outwards  into  the  white  matter  and  traverse  the  lateral 
column  to  gain  their  points  of  exit  from  tbe  cord.  At  the  decussation  of  the 
pyramids,  root-bundles,  which  join  the  spinal  accessory  nerve,  are  seen  to  proceed 
from  the  detached  head  of  the  anterior  horn  of  gray  matter. 

The  medullaiy  part  of  the  spinal  accessory  nerve  has  its  nucleus  of  or^n  in  the 
medulla ;  and  its  root-bundles,  as  they  proceed  outwards  from  this,  can  be  diatin- 
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guifibed  by  the  fact  tbat  thej  pursue  a  course  on  the  ventral  side  of  the  spinal  root 
of  the  tngeminal  nerve,  whereas  the  vagus  roots,  with  which  they  are  apt  to  be 
confused,  pass  through  or  lie  on  the  dorsal  aspect  of  the  trigeminal  root  (KoUiker). 
The  nucleus  of  origin  of  the  medullary  part  of  the  accessory  nerve  is  formed  by  the 
same  column  of  cells  which  constitutes  the  nucleus  ambiguus,  and  which,  at  a  higher 
level,  gives  motor  fibres  to  the  vagus  and  glossopharyngeal  nerves. 

The  part  of  the  spinal  accessory  nerve  which  takes  origin  in  the  spinal  cord  supplies  the 
Btemo-mastoid  and  trapezius  muscles.  The  medullary  or  accessory  portion  joins  the  vagus,  and 
through  the  external  and  recurrent  laryngeal  nerves  it  supplies  the  muscles  of  the  larynx.  The 
portion  of  the  nucleus  ambiguus  from  which  it  arises  has  thus  been  termed  the  laryngeal  nucleus 
(Edin^r), 

Collaterals  and  fibres  of  the  opposite  pyramidal  tract  end  in  connexion  with  the  cells  of 
origin  of  the  accessory  nerve,  and  thus  bring  its  nucleus  into  connexion  with  the  motor  area  of 
the  cerebral  cortex.  Fibres  also  from  the  posterior  roots  of  the  spinal  nerves  (aflferent  or  sensory 
fibres)  end  in  the  nucleus. 

Va|^8  and  Glossophaiyngeal  Nerves  (nervus  vagus,  nervus  glossopharyn- 
geus). — These  nerves  present  similar  connexions  with  the  brain,  and  they  may 
therefore  be  studied  together.  The  greater  part  of  both  nerves  is  composed  of 
afferent  fibres,  which  arise  outside  the  brain-stem  from  ganglionic  cells  placed  in 
relation  to  the  nerve-trunks.  Both  nerves  likewise  possess  motor  or  efferent  fibres, 
which  spring  from  two  special  nuclei  of  origin  situated  within  the  medulla  and 
termed  respectively  the  dorsal  motor  nucleus  and  the  nucleus  ambiguus.  The  afferent 
ganglionic  fibres  of  the  vagus  and  glossopharyngeal  enter  the  brain  by  a  series  of 
roots  which  penetrate  the  medulla  along  the  outer  or  ventral  side  of  the  restiform 
body.  Within  the  medulla  they  separate  into  two  sets,  viz.  a  series  of  bundles 
(chiefly  composed  of  vagus  fibres),  which  end  in  the  dorsal  nucleus  of  termination 
of  the  vagus  and  glossopharyngeal  nerves,  and  another  series  of  bundles  (chiefly 
composed  of  glossopharyngeal  fibres),  which  join  a  conspicuous  longitudinal  tract 
of  fibres  called  the  fletsciculus  solitarius. 

The  dorsal  nucleus  (Figs.  398,  p.  495,  and  402,  p.  497)  of  the  vagus  and  glosso- 
pharyngeal nerves  is  mixed,  and  contains  both  motor  cells  which  give  origin  to 
efferent  fibres  and  cells  around  which  afferent  fibres  of  the  vagus,  and  possibly  also 
of  the  glossopharyngeal  nerve,  break  up  into  terminal  arborisations.  It  very  nearly 
equals  in  length  the  nucleus  of  the  hypoglossal  nerve,  with  which  it  is  closely 
related.  Above,  it  reaches  as  high  as  the  strise  acusticse,  whilst  below  its  lower  end 
falls  slightly  short  of  that  of  the  hypoglossal  nucleus.  In  specimens  stained  by 
the  Weigert-Pal  method  the  two  nuclei  offer  a  marked  contrast.  The  hypoglossal 
nucleus  presents  a  dark  hue,  owing  to  the  enormous  numbers  of  fine  fibres  which 
twine  in  and  out  amidst  its  ceUs ;  the  vago-glossopharyngeal  dorsal  nucleus  is  pale 
from  the  scarcity  of  such  fibres  within  it.  In  the  closed  part  of  the  medulla  the 
dorsal  vi^o-glossopharyngeal  nucleus  lies  in  the  central  gray  matter  immediately 
behind  the  hypoglossal  nucleus,  and  upon  the  lateral  aspect  of  the  central  canal ; 
in  the  open  part  of  the  medulla  it  lies  in  the  gray  matter  of  the  floor  of  the  fourth 
ventricle,  immediately  to  the  outer  side  of  the  hypoglossal  nucleus  and  subjacent 
to  the  surface  area  termed  the  trigonum  vagi. 

The  cells  in  the  portion  of  the  dorsal  nucleus  which  acts  as  a  nucleus  of 
termination  are  spindle-shaped  in  form  and  similar  to  those  found  in  the  posterior 
horn  of  gray  matter  in  the  cord.  In  connexion  with  these  cells,  the  greater 
number  of  the  afferent  fibres  of  the  vagus  nerve,  and  a  small  proportion  of  the 
afferent  fibres  of  the  glossopharyngeal  nerve  end  in  fine  terminal  arborisations. 
A  small  part  of  the  upper  portion  of  the  nucleus  may  be  said  to  belong  to  the 
glosso-pharyngeal  nerve  and  the  remainder  of  the  nucleus  to  the  vagus  nerve. 

The  cells  which  constitute  the  dorsal  motor  or  efferent  nucleiis  as  seen  in  trans- 
verse section  appear  in  a  more  or  less  compact  cluster,  which  lies  immediately  to 
the  outer  side  of  the  hypoglossal  nucleus.  These  cells,  although  very  conspicuous, 
are  not  so  large  a3  those  in  the  hypoglossal  nucleus,  nor  as  those  in  the  anterior 
horn  of  gray  matter  of  the  cord ;  nor  do  they  stain  so  deeply. 

The  fiBUKucQlas  soHtaiius  (Figs.  397.  p.  493 ;  398,  p.  495 ;  and  402,  p.  497)  is  a 
round  bundle  of  longitudinal  fibres  which  forms  a  very  conspicuous  object  in  trans- 
verse sections  through  the  medulla.     It  begins  at  the  upper  limit  of  the  medulla, 
37  a 
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and  can  be  traced  downwards  through  its  whole  length.  Its  precise  point  of 
termination  is  not  known,  but  it  is  believed  that  it  is  carried  for  some  distance 
downwards  into  the  upper  part  of  the  cord,  viz.  to  the  level  of  the  fourth  cervical 
nerve,  according  to  Kolliker.  The  relations  of  the  faeciculua  eolitarius  are  not 
the  same  in  all  parts  of  its  course.  It  lies  immediately  to  the  outer  side  of  the 
dorsal  vago-glossopharyngeal  nucleus;  but  whereas  in  the  upper  part  of  the  medulla 
it  is  situated  somewhat  on  the  ventral  side  of  that  nucleus,  in  the  lower  closed  part 
of  the  medulla  it  is  placed  on  its  dorsal  aspect     Throughout  its  entire  length  it  is 

intimately  associ- 
ated with  a  column 
of  gelatinous  gray 
substance  which 
constitutes  the 
nucleus  of  ter- 
mination in  which 
its  fibres  end. 
When  traced  from 
above  downwards, 
the  solitary  tract 
is  observed  to  be- 
come gradually 
smaller  from  the 
loss  of  fibres  which 
it  thus  sustaina 
The  great  bulk  of 
the  solitary  tract 
is  formed  of  fibres 
derived  from  the 
glossopharyngeal 
nerve ;  only  a  few 
of  the  afferent 
>.  fibres  of  the  vagus 

enter  it.  Aa  the 
fibres  of  the  two 
nerves  join  the 
tract  they  im- 
mediately turn 
downwards,  and  at 
different  levels 
come  to  an  end  in 
the    associated 


As  the  root- 
bundles  of  the  vaguB 
and  the  gloBBO- 
pharyngeal     nerves 

traverse  the  substance  of  the  medulla  in  a  backward  and  inward  direction  to  reach  the 
fascicuhis  solitariiis  and  the  doreal  nucleus  of  termination,  they  pass  through  the  Kpinal 
root  of  the  trigeminal  nerve  and  the  substantia  gelatinoaa  Bolaadi  associated  with  it. 
The  term  ascending  root  is  sometimes  applied  to  the  fasciculus  solitorius ;  but  as  this 
conveys  an  altogether  false  conception  of  its  character  it  should  be  discarded.  The 
axons  of  the  nucleus  of  termination  and  of  the  nucleus  of  the  fasciculux  eolitariuB 
form  central  connexions  with  other  parts  of  the  braiu,  but  these  have  not  as  yet  been 
completely  elucidated. 

The  dorsal  efferent  nocleas  gives  off  fibres  which  join  the  afferent  fibres  of  the 
vago-glossopharyngeal  rootlets  as  they  traverse  the  medulla,  and  mixing  with 
them  they  pass  along  the  same  path  to  emerge  from  the  medulla. 

The  nndeus  ambigtina  (iigs.  398,  p.  495,  and  402,  p.  497)  also  gives  origin  to 
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motor  or  efferent  fibres  which  join  the  vagus  and  glossopharyngeal  nerves.  The 
cells  which  compose  it  are  large,  multipolar,  and  similar  in  every  respect  to  the 
large  cells  in  the  ventral  horn  of  gray  matter  of  the  spinal  cord.  These  cells  are 
arranged  in  a  slender  column  which  is  best  developed  in  the  upper  open  part  of  the 
medulla.  Here  the  nucleus  can  easily  be  detected  in  transverse  sections  as  a  small 
area  of  compact  gray  matter  which  lies  in  the  formatio  reticularis  grisea,  midway 
between  the  dorsal  accessory  olive  and  the  substantia  gelatinosa  Rolandi.  It  there- 
fore lies  more  deeply  in  the  substance  of  the  medulla  than  the  mixed  dorsal  vago- 
gloesopbaryngeal  nucleus.  Kolliker  states  that  it  can  be  traced  downwards  as  low 
as  the  level  of  the  decussation  of  the  fillet,  and  upwards  as  high  as  the  place  of 
entrance  of  the  cochlear  root  of  the  auditory  nerve.  From  its  dorsal  aspect  the 
axons  of  the  cells  proceed,  and  in  the  first  instance  they  pass  backwards  towards 
the  floor  of  the  fourth  ventricle ;  then,  bending  suddenly  outwards  and  forwards, 
they  join  the  afferent  roots  of  the  vagus  and  possibly  also  of  the  glossopharyngeal 
nerves*  and  emerge  from  the  brain  in  company  with  these. 

Upon  anatomical  grounds  it  might  be  questioned  whether  the  glossopharyngeal  nerve  contains 
any  efferent  fibres.  It  gives  off,  it  is  true,  one  motor  branch,  viz.  to  the  stylo-pharyngeuB 
muscle,  but  there  are  paths  by  means  of  which  these  fibres  might  enter  the  nerve  other  tnan  by 
coming  directly  from  the  motor  nuclei,  which  have  been  described  in  connexion  with  the  vago- 
glossopharyngeal nerve-root& 

There  is,  further,  some  ground  for  the  beUef  that  all  the  fibres  of  the  glossopharyngeal  pass 
into  the  fasciculus  solitariiis.  In  a  very  instructive  case  descril^ed  by  Alexander  Bruce  in  which 
the  glossopharyngeal  was  destroyed  in  the  jugular  foramen  by  the  pressure  of  a  tumour,  no 
degenerated  fibres  could  be  traced  beyond  the  fasciculus  solitarius. 

Auditory  Nerve  (nervus  acusticus). — This  is  a  large  nerve  which  joins  the  brain 
at  the  lower  border  of  the  pons  Varolii  and  on  the  ventral  aspect  of  the  restiform 
body.  It  is  an  afferent  nerve,  and  its  fibres  spring  from  bipolar  ganglionic  cells 
either  within  or  in  the  immediate  neighbourhood  of  the  labyrinth  or  internal  ear 
(see  section  dealing  with  the  organs  of  sense).  Reaching  the  brain  the  auditory 
nerve  divides  into  two  parts,  viz.  the  nervus  cochlearis  and  the  nervus  vestibularis, 
which  present  totally  different  connexions  and  apparently  exercise  absolutely 
distinct  functions.  In  their  further  course  these  two  divisions  deviate  from  each 
other  so  as  to  embrace  the  restiform  body — the  vestibular  part  entering  the  pons 
on  the  inner  or  mesial  aspect  of  the  restiform  body,  whilst  the  cochlear  part 
sweeps  round  its  outer  surface.  Special  nuclei  of  termination  require  to  be 
studied  in  connexion  with  each  part  of  the  nerve. 

The  cochlear  nerve  is  composed  of  finer  fibres  than  the  vestibular  nerve, 
and  these  acquire  their  medullary  sheaths  at  a  later  period.  It  is  the  true  nerve 
of  hearing,  and  its  fibres  end  in  a  ganglion  which  lies  in  intimate  relation  to  the 
restiform  body,  and  which  may  be  described  as  consisting  of  two  parts.  Of  these 
one,  called  the  tuberculum  acusticuni  or  the  lateral  cochlear  nuclens,  is  a  pyriform 
mass  which  is  placed  on  the  outer  aspect  of  the  restiform  body — between  it  and 
the  flocculus  of  the  cerebellum.  The  second  part,  termed  the  ventral  cochlear 
nacleiu,  does  not  extend  so  low  down  as  the  tuberculum  acusticum.  It  is  a  wedge- 
shaped  nuclear  mass  which  is  placed  on  the  ventral  aspect  of  the  restiform  body  in 
the  interval  between  the  cochlear  and  vestibular  divisions  of  the  auditory  nerve, 
after  they  have  separated  from  each  other.  The  fibres  of  the  cochlear  nerve  enter 
these  two  ganglia  and  end  around  the  cells  in  terminal  arborisations,  which  are 
finer,  closer,  and  more  intricate  than  those  met  with  in  any  other  nerve  nucleus  in 
the  brain. 

The  vestibular  nerve  enters  the  brain  at  a  slightly  higher  level  than  the  cochlear 
nerve  and  on  the  mesial  aspect  of  the  ventral  cochlear  nucleus.  It  forces  its  way 
backwards  through  the  pons  between  the  restiform  body,  which  lies  on  its  outer 
side,  and  the  spinal  root  of  the  fifth  nerve,  which  is  placed  on  its  inner  side.  Its 
fibres  come  to  an  end  in  three  nuclei  of  termination,  which  are  situated  in  the 
dorsal  part  of  the  pons  and  medulla,  viz.  (1)  the  principal  nucleus  or  dorsal  nucleus; 
(2)  the  nucleus  of  the  descending  root;  and  (3)  the  nucleus  of  Deiters. 

The  principal  nnclens  (Figs.  403,  p.  500,  and  418,  p.  520)  is  a  large  diffuse 
nuclear  mass,  which  lies  in  the  floor  of  the  fourth  ventricle  subjacent  to  the  surface 
376 
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district  known  as  the  area  aeustica  (Fig.  391,  p.  487).  It  is  situated,  therefore,  in 
both  the  pons  and  the  medulla  to  the  outer  side  of  the  fovea  auperior  and  the  fovea 
inferior.     In  transverse  section  it  is  prismatic  in  outline,  und  crossing  the  surface 

of  itsupper  or  pontine  part 

c«fo«w««i«B.H«  immediately     under    the 

ependyma  of  the  ventricle 

are  the  strise  acuatica^. 

g  Whenthenervusvesti- 

°  hularis,  as  it  travereee  the 

tt  hiain,  reaches   the  inner 

S§  aspect  of  thedorsal  portion 

"  of  the  restiform  body,  a 

very  large  proportion  of 
its  fibres  turn  vertically 
downwards  in  separate 
bundles  and  form  the  de- 
scending root  of  tlie  vesti- 
bular nerve  (Figs.  398,  p- 
495;  402,  p.  497;  403, 
p.  500;  418,  p.  520). 
This  proceeds  through  the 
lower  part  of  the  pons  into 
the  medulla,  in  which  it 
may  be  traced  as  far  as 
the  level  of  the  decussa- 
tion of  the  fillet.  As- 
sociated with  the  descend- 
ing root  there  is  a  column 
of  gray  matter,  with  nerve- 
cells  strewn  sparsely 
throughout  it.  Thin  is 
the   nnclotu    of   the   de- 

DiviHioNd  I'k-  THE  .\uDiTOBT  Neii\t.  tibrcs  Bod  ux  fiue  arborisa- 

{[>i^.M  fo,.nd«l  <,,>  .Iru-vinc.  by  E.U„g.r  .-d  F.rri«  ,„d  Tnn..r.)  tioUS  arouud  theSC  ncrve- 

cells. 
The  fibres  of  the  vestibular  nerve  likewise  end  in  the  nocleru  of  Deitors.  This 
nucleus  is  composed  of  a  numljer  of  large  and  conspicuous  multipolar  nerve-celb, 
which  are  scattered  amidst  the  bundles  of  the  upper  part  of  the  descending  root 
of  the  vestibular  nerve.  As  it  is  traced  upwards  into  the  pons  the  nucleus 
gradually  inclines  backwards,  and  finally  it  occupies  a  place  in  the  lateral  wall  of 
the  fourth  ventricle.  It  attains  its  greatest  development  at  the  level  of  the 
emerging  part  of  the  facial  nerve,  and  this  upper  part  is  sometimes  termed  the 
nacleoB  of  Bechterevr. 

Central  Connexions  of  the  Cochlear  Nerve.— The  cochlear  nerve  is  broufilit 
into  connexion  with  the  inferior  quadrigeminal  body,  and  the  corpus  geuiculatmii 
internum  of  the  opposite  side  by  the  fibres  of  the  corpus  trapezoides  and  the  lateral 
fillet.  But  this  cotiiieiion  is  not  direct ;  the  chain  is  composed  of  aevcral  separate  links 
or  neurons  superimposed  one  over  the  other. 

The  fibres  of  the  cochlear  nerve  end  in  the  ventral  cochlear  uuelcus  and  in  the  tubcr- 
culum  ucuHtieum.  From  the  cells  of  these  nuclei  two  tracts  arise,  viz.  u  ventral  tract, 
composed  of  the  fibres  of  the  corpus  trapezoidea,  and  a  dorsal  tract,  which  is  represented 
by  the  striie  acusticic. 

The  corpus  trapezoidea  (Fi^^s.  418  :tnd  419)  iii  formed  of  the  axons  of  the  cells  of  tin- 
ventral  cochlear  uucluiis,  as  well  vui  certain  of  the  asons  of  the  cells  of  tuberculum 
acuaticum.  In  the  midst  of  the  corpus  trapezoides  are  lodged  lai^e  cells  which  are  known 
as  the  nucleu*  trapeioidritu,  and  these  give  off  axons  which  join  the  strand  with  which 
they  arc  associated.  Further,  the  tvperior  olive  forms  an  importaut  intemode  in  the 
path  of  the  corpus  trapezoiilcs.     Many  of  the  fibres  of  the  corpus  trapezoides  end  in  this 
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intemode,  whilst  others  are  added  to  the  tract  from  the  cells  of  that  nuclear  mass.  So 
constitute,  the  trapezial  fibres  cross  the  mesial  plane  and  decussate  with  the  correspond- 
ing fibres  of  the  opposite  side.  Reaching  the  opposite  superior  olivary  nucleus  a  further 
interchange  of  fibres  takes  place,  and  almost  immediately  after  this  the  strand  turns 
upwards  and  becomes  the  lateral  fiUet  (Figs.  405,  p.  503 ;  406,  p.  504).  But  still 
another  nucleus  is  interposed  in  its  path,  viz.  the  nvcleus  of  the  lateral  fillet.  Here 
sooie  fibres  are  dropped,  whilst  from  the  nuclear  cells  others  are  acquired,  and  the  lateral 
fillet  then  proceeds  onwards  without  further  interruption  until  it  reaches  the  inferior 
quadrigeminal  body  and  the  corpus  geniculatum  internum,  in  which  its  fibres  end.  It  is 
probable,  however,  that  some  likewise  extend  into  the  superior  quadrigeminal  body. 

But  the  lateral  fillet  also  includes  the  fibres  of  the  strisB  acustics  of  the  opposite 
side.  These  fibres  arise  from  the  cells  of  the  tuberculum  acusticum,  and  arrange  them- 
selves in  the  conspicuous  bundles  which  sweep  round  the  dorsal  aspect  of  the  resti- 
fonn  body  and  proceed  inwards  across  the  floor  of  the  fourth  ventricle,  immediately 
beneath  the  ependyma  (Fig.  391,  p.  487).  Reaching  the  middle  line  they  dip  forwards 
into  the  substance  of  the  medulla,  and,  crossing  the  mesial  plane,  they  join  the  lateral 
fillet. 

It  is  well  to  remember  that  the  connexion  between  the  terminal  cochlear  nuclei  and 
the  inferior  quadrigeminal  body  is  not  altogether  with  that  of  the  opposite  side,  as  the 
foregoing  description  and  the  diagram  (Fig.  418)  might  lead  one  to  infer.  A  few  fibres 
pass  directly  to  the  inferior  quadrigeminal  body  of  the  same  side,  but  none  to  the  corre- 
sponding corpus  geniculatum  internum :  the  connexion  with  the  latter  is  entirely  crossed 
(Ferrier  and  Turner). 

From  the  corpus  geniculatum  internum  there  proceeds  a  tract  to  the  gray  cortex  of 
the  superior  convolution  of  the  temporal  lobe.  The  whole  nervous  apparatus  is  thus 
linked  on  to  the  cerebral  cortex,  and  the  succession  of  neurons  which  build  up  the  entire 
chain  are  therefore:  (1)  the  bipolar  cells  of  the  ganglion  spirale;  (2)  the  neurons  of  the 
tenainiil  cochlear  nuclei ;  (3)  the  neurons  of  the  superior  olive  and  the  nucleus  of  the 
lateral  fillet;  (4)  the  neurons  of  the  corpus  geniculatum  internum. 

It  must  be  borne  in  mind  that  all  the  axons  of  the  cells  of  the  superior  olive  do  not 
join  the  trapezoid  strand.  Many  leave  its  dorsal  aspect  and  pass  backwards  in  a  group 
called  the  pedicle  of  the  superior  olive,  to  end  in  the  nucleus  of  the  sixth  nerve,  and, 
through  the  posterior  longitudinal  bundle,  in  the  nuclei  of  the  fourth  and  third  nerves. 
In  this  way  the  organ  of  hearing  is  brought  into  connexion  with  the  nuclei,  which  preside 
over  the  movements  of  the  eyeballs  (Figs.  403,  p.  500,  and  420,  p.  523). 

Central  Connexions  of  the  Vestibular  Nerve.— Although  the  central  con- 
nexions of  the  vestibular  nerve  have  been  closely  studied  by  many  observers,  they  are 
still  very  far  from  being  fully  understood.  The  principal  nucleus  and  the  nucleus  of 
Deit^rs  both  stand  in  intimate  relation  with  the  superior  vermis  of  the  cerebellum ;  and 
in  consideration  of  the  fact  that  the  vestibular  nerve  is  the  nerve  of  equilibration,  this 
is  ail  important  and  significant  circumstance.  The  strand  which  establishes  this  con- 
nexion has  been  termed  by  Edinger  "the  direct  sensory  cerebellar  tract,"  and  in  all 
probability  it  is  an  efterent  tract  from  the  cerebellum.  Its  fibres  arise  to  a  large  extent 
in  the  cerebellar  roof  nuclei  of  the  opposite  side,  and,  crossing  the  mesial  plane,  they 
sweep  forwards  around  the  outer  side  of  the  superior  cerebellar  peduncle  as  it  emerges 
from  the  cerebellum  to  end  in  the  nucleus  of  Deiters,  the  chief  vestibular  nucleus,  and 
very  possibly  also  in  the  terminal  sensory  nuclei  of  certain  other  cranial  nerves,  such  as 
the  trigeminal,  vagus,  and  glossophar^^ngeal. 

Until  the  precise  nature  of  the  nucleus  of  Deiters  is  discovered,  the  exact  character 
of  the  central  connexions  of  the  vestibular  nerve  will  remain  more  or  less  obscure.  It 
cannot  be  regarded  as  a  nucleus  specially  given  over  to  the  vestibular  nerve.  Composed 
of  large  cells  scattered  amidst  the  bundles  of  the  upper  part  of  the  descending  root  of  the 
vestibular  nerve,  it  only  becomes  a  compact  nucleus  above  the  level  of  that  nerve,  viz. 
at  the  point  where  the  restiform  body  turns  backwards  into  the  cerebellum,  or,  in 
other  words,  at  the  level  of  the  emerging  facial  nerve  and  the  lower  end  of  the  abducent 
nucleus.  Here,  in  the  outer  part  of  the  floor  of  the  fourth  ventricle,  its  cells  are  gathered 
together  in  a  crowded  mass.  Deiters  himself  considered  that  this  nucleus  should  be 
re^^arded  as  an  iuternode  between  the  cerebellum  and  the  spinal  cord,  and  Ferrier  and 
Turner  have  brought  forward  strong  evidence  in  support  of  this  view.  Klimoff  attaches 
a  very  high  importance  to  the  direct  "  sensory  "  tract  of  Edinger.  From  his  description 
it  would  appear  that  he  regards  it  as  the  only  cerebellar  eflTerent  tract  which  takes  a 
downward  direction.  He  believes,  further,  that  the  axons  of  the  cells  of  Deiters  form  the 
anterior  marginal  tract  of  Lowenthal   (tractus   vestibulo-spinalis  of   Monakow),  which 
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desceDds  in  the  aiitero-lateral  culuma  of  the  cord  tts  far  as  the  lumbar  region.  It  is 
supposed  that  the  fibres  of  this  tract  end  in  the  cord  in  arborescent  terminations  arouod 
the  motor  cells  ia  the  ventral  horn  uf  gray  matter. 

From  what  has  been  said  it  must  be  apparent  that  the  nucleus  of  Deitera  plays  a  most 
important  part  in  connexion  with  the  maintenance  of  the  equilibrium  of  the  body  and 
the  coordination  of  its  muscular  movements.  Thus  it  conBtitut«a  an  intemode  in  the 
path  of  those  fibres  which  connect  the  cortex  and  roof  nuclei  of  the  cerebellum  with  tlie 
motor  apparatus  of  the  spinal  cord  ;  it  receives  fibres  through  the  vestibular  nerve  from 
the  labyrinth  of  the  ear;  and  it  sends  fibres  into  the  posterior  longitudinal  buiidle, 
through  which  it  in  all  probability  exercises  some  influence  over  the  nuclei  of  the  ocular 

Opinion  is  also  divided  as  to  the  composition  aud  nature  of  the  so-called  descending 
root  of  the  vestibular  nerve.  After  division  of  the  eighth  nerve,  Ferrier  aud  Turner  were 
unable  to  detect  any  degeneration  in  this  root,  and  they  therefore  are  inclined  to  call  in 
question  its  direct  continuity  with  the  nerve.  They  consider  that  in  ail  probability  it 
forms  an  intemuncial  connexion  between  the  nucleus  of  Deitera  and  the  cuneate  nucleus, 
in  which  Bruce  has  seen  its  lower  end  to  terminate. 
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I  course  of  the  facial  nerve.     The  left  side  of  the  dnoing  la  Uken 
ST  level  thuD  the  sectioa  from  which  the  right  xide  is  t^ken. 
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Facial  Nerve  (nerviis  facialis)  (Figs.  419  and  420).— The  facial  nerve  i8ci>iu- 
posed  of  two  distinct  parts,  viz.  a  large  efferent  or  motor  portion,  the  &eiAl  nervs 
proper,  and  a  Bmall  efferent  sensory  portion  termed  the  pars  intermedia  of  Wrisberg. 
The  faciiil  nerve  emerges  from  the  brain  at  the  lower  border  of  the  pons,  immediately 
in  front  and  to  the  inner  side  of  the  auditory  nerve,  whilst  the  pars  intermedia 
sinks  into  the  upper  part  of  the  medulla  between  the  facial  and  auditory  nerves. 
The  three  nerves,  therefore,  lie  in  intimate  relation  with  each  other,  where  they 
are  attached  to  the  surface  of  the  brain,  and  they  pass  in  company  into  the  internal 
auditory  meatus. 
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The  noclflus  of  oiigio  of  the  fiusul  nervs  Ib  an  oval  mass  of  gray  matter,  about 
five  mm.  io  length,  and  containing  numeroua  groups  of  large  multipolar  cells.  It 
is  sunk  deeply  in  the  dorsal  or  tegmental  part  of  the  lower  portion  of  the  pons 
Varolii,  and  ia  placed  close  to  the  inner  side  of  the  spinal  root  of  the  fifth  nerve. 
When  transverse  sections  are  made  through  the  brain-stem,  the  facial  mieleua  is 
encountered  the  moment  the  boundary  line  between  the  medulla  and  pons  is 
passed,  and  the  region  immediately  above  the  inferior  olivary  nucleus  is  reached. 
At  first  it  lies  so  deeply  in  the  tegmentum  of  the  pons  that  it  actually  rests  upon 
the  dorsal  aspect  of  the  corpus  trapezoides ;  but  a  little  farther  up  the  superior 
olive  comes  into  view,  and  insinuates  itself  between  the  facial  nucleus  and  the 
trapezial  fibres.  The  upper  part  of  the  nucleus  is  in  this  way  tilted  somewhat 
backwards,  and  thus  comes  to  He  on  the  dorsal  and  outer  aspect  of  the  superior 
olive. 

The  facial  nucleus  ia  situated  close  to  the  place  where  the  nerve  emergea  from 
the  brain,  but  the  nerve  does  not  at  once  pass  to  this  point  of  exit.  It  pursues 
a  long  and  devious  path  within  the  pons  before  it  finally  reaches  the  aurfaca 
This intrapon tine  part  of  the  nerve  may  be  divided  into  three  parts,  viz.:  (1)  a 
radicular  part,  (2)  an  aacending  portion,  and  (3)  an  emergent  part. 

The  nuUcnlar  part  of  the  facial  nerve  (Fig.  420)  is  composed  of  a  large  number 
of  fine  looeely-arranged  bundles  of  fibres,  which  issue  from  the  outer  and  dorsal 
aspect  of  the  nucleus  and  proceed  backwards  and  slightly  inwarda  through  the 
pons.     Reaching  the  floor  of  the  fourth  ventricle  they  curve  inwarda,  and  the 
bundles  which  Tie  highest  up  sweep  over  the  outer  and  dorsal  aspect  of  the  lower 
part  of  the  nucleus  of  the  si:tth  nerve.     Close   to  the  mesial  plane  they   turn 
sharply  upwards  and  are  collected  into  a  single  solid  nerve-bundle,  which  consti- 
tutes the  ascandiag  part  of  the  fkd&l  nerve  (Figs.  419  and  420),     Tins  proceeds 
vertically    upwards    immediately 
beneath    the   ependyma    of    the 
ventricular    floor,  on    the   dorsal 
aspect  of  the  posterior  longitudinal 
bundle,  and  along  the  inner  aide 
of  the  sixth  or  abducent  nucleus 
for  a  distance  of  about  five  milli- 
metres.    Suddenly  the  nerve  bends 
outwards  at  a   right  angle,  and 
curves   a    second   time   over  the 
dorsal    aspect    of    the    sixth    or 
abducent  nucleua    The  nerve  now 
passes  straight  to  the  place  of  exit 
from  the  brain,  and  this  part  of 
the  intrapoDtine  trunk  may  be 
termed  the  emei^ent  portion  (Figs. 
419  and  420).     The  facial  nerve 
thus  forms  a  curved  loop  over  the 
dorsal    aspect    of    the    abducent 
nucleus.      The  emergent  part   of 
the  nerve  takes  an  oblique  course 
through   the   pons   to   reach   the 
surface.     It  inclinea  outwards  and 
downwards  as  it  proceeds  towards 
the  ventral   aspect   of  the   pons, 
and  on  its  way  it  passes  between 
its  own  nucleus  and  the  spinal  root 
of  the  fifth  nerve. 


FlO.  420.— DiAUBAM  01 


Entering  the  facial  nucleus,  and  ending 
many  fibn»  from  the  oppoait*  pyramidal  tract 
tilires  from  the  corpus  trapezoide  ""' 

motor  area  of  the  cerebral  cort«x 
with  the  auditory  nerve,  etc. 


linal  arlioriiuttioiiB  around  its  cells,  are 

from  the  spiiial  root  of  the  fifth  nerve ; 

The  rueleiis  ia  thus  brought  into  connexion  with  the 

ith  the  trigeminal  nerve  or  sensory  nerve  of  the  face,  and 
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The  fibres  of  the  Bensory  root  of  the  fifth  nerve,  on  reaching  the  aenaory  nucleus, 
divide  in  &  manner  eimilat  to  the  fibres  of  the  entering  posterior  roots  of  the  spinal 
nerves  into  a  system  of  ascending  and  descending  branches  (Fig.  417,  p.  518). 
The  ascending  fibres  are  short,  and  almost  immediately  enter  the  sensory  nucleus 
and  end  within  it ;  the  descending  fibres  turn  sharply  downwards  and  form  thespiiud 
toot  (tractua  Hpinalis :  the  ascending  root  of  many  text-books).  This  root  desoendB 
on  the  outer  side  of  the  column  of  gray  matter  formed  by  the  substantia  gelatinosa 
Bolaadi,  which  constitutes  its  terminal  nucleus.  Fibres  constantly  leave  it  to 
enter  the  nucleus,  so  that  the  lower  it  gets  the  smaller  does  the  spinal  root  become 
until,  in  the  upper  part  of  the  spinal  cord,  about  the  level  of  the  first  or  second 
spinal  nerve,  it  disappears  altogether. 


The  large  spinal  root  of  the  fifth  nerve  is  a  conspicuous  object  in  sections  through  the 
pons  and  medulla.  In  the  former  it  traverses  the  tegmental  part,  first,  between  the 
emergent  part  of  the  facial  nerve  and  the  vestibular  nerve  ;  and  then  lower  down,  between 
the  restiform  body  and  the  nucleus  of  the  facial  nerve  (Fig.  419,'A,  p.  522).  In  cross 
sections  it  presente  a  well-defined  semilunar  or  curved  pyriform  outline.  In  the  upper 
part  of  the  medulla  it  lies  on  the  ventral  aspect  of  the  restiform  body,  and  therefore 
nearer  to  the  surface  (Fig,  398,  p,  495).  Here  it  is  traversed  and  broken  up  into 
separate  bundles  by  the  cerebello-olivary  fibres  and  the  roots  of  the  glossopharyngeal  and 
vagus  nerves.  Finally,  it  comes  to  the  surface  and  its  fibres  are  spread  over  the  area  oti 
the  aide  of  the  medulla  known  as  the  tubercle  and  funiculus  of  Rolando  {Fig,  394, 
p,  492). 

The  small  motor  part  of  tiie  trigeminal  nerve  is  chiefiy  distributed  to  the  muscles 
of  mastication,  and  derives  its  fibres  from  two  sources,  viz.  from  the  motor  nuoleuB 
and  from  the  mesencephalic  root  of  the  trigeminal  nerve. 

The  motor  nocleiu  (Fig.  421)  lies  in  the  lateral  part  of  the  tegmental  portion  of 
the  pons,  close  to  the  inner  side  of  the  sensory  terminal  nucleus,  but  somewhat 
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nearer  to  the  floor  of  the  fourth  ventricle.  It  is  not  placed  in  the  exact  line  of  the 
facial  nucleus,  as  it  is  situated  somewhat  nearer  the  dorsal  sispect  of  the  pons ;  but, 
nevertheless,  it  may  be  considered  as  being  equivalent  in  this  region  to  the  detached 
head  of  the  anterior  horn  of  gray  matter  in  the  lower  part  of  the  medulla.  The 
cells  of  this  nucleus  are  large  and  multipolar,  and  their  axons  run  together  to  form 
the  greater  portion  of  the  motor  root  of  the  fifth  nerve. 

The  mesencephalic  root  takes  origin  in  the  mesencephalon  from  a  column  of 
large  loosely-arranged  cells  which  are  placed  in  the  extreme  lateral  part  of  the 
gray  matter  which  surrounds  the  Sylvian  aqueduct.  As  the  lower  end  of  this  column 
of  cells  reaches  the  pontine  part  of  the  floor  of  the  fourth  ventricle  it  becomes 
continuous  with  the  dark  cells  of  the  locus  cceruleus.  The  mesencephalic  root 
as  it  is  traced  downwards  gradually  gains  strength  by  the  addition  of  new  fibres, 
and  it  assumes  a  crescentic  form  in  transverse  section  (Figs.  430,  p.  535 ;  432,  p. 
537 ;  407,  p.  505  ;  1406,  p.  504).  In  the  lower  part  of  the  mesencephalon  it  lies  on 
the  inner  side  of  the  superior  cerebellar  peduncle ;  and  the  fourth  nerve,  on  its  way 
to  the  surface,  runs  downwards  in  its  concavity  and  on  its  mesial  aspect.  In  the 
upper  part  of  the  pons,  it  continues  its  course  downwards  on  the  outer  and  deep 
aspect  of  the  gray  matter  which  fonns  the  floor  of  the  fourth  ventricle,  and  here  it 
stands  in  relation  to  the  cells  of  the  locus  cceruleus.  Finally,  reaching  the  level  of 
the  nuclei  of  the  trigeminal  nerve,  the  fibres  of  the  mesencephalic  root  turn 
forwards  and  join  the  motor  part  of  the  trigeminal  nerve  (Fig.  421). 

S.  Ramon  y  Cajal  has  shown  that  an  intimate  relationship  is  established  between  the 
mesencephalic  nucleus  and  the  principal  motor  nucleus  of  the  trigeminal  nerve.  Large  numbers 
of  collaterals  from  the  fibres  of  the  mesencephalic  root  enter  the  latter  nucleus  and  break  up  into 
close  networks  around  its  cells.  It  has  been  suggested  that  through  this  connexion  a  weak 
impulse  proceeding  from  the  higher  nucleus  may  he  transformed  witnin  the  lower  or  princijjal 
nucleus  into  a  powerful  excitation. 

(1)  It  is  not  known  to  what  parts  the  fibres  of  the  mesencephalic  root  go.  Kolliker  suggests 
that  they  supply  the  tensor  veli  palatini  and  the  tensor  tympani ;  perhaps,  also,  they  may  be  dis- 
tributed to  the  mylo-hyoid  and  the  anterior  belly  of  the  digastric.  (2)  Fibres  from  the  opposite 
pyramidal  tract  go  to  the  motor  nucleus  and  bring  it  into  connexion  with  the  motor  area  of  the 
cerebral  cortex.  (3)  By  degeneration  methods  the  root  of  the  fifth  nerve  has  been  traced  down  to 
the  level  of  the  second  cervical  nerve  (Ferrier  and  Turner).  (4)  The  axons  of  the  terminal  nuclei 
emerge  as  arcuate  fibres,  and,  proceeding  through  the  raphe,  assume  a  longitudinal  course  in  the 
tegmentum  of  the  opposite  side,  and  thus  establish  connexions  with  parts  higher  up  (tractus 
quinto-thalamicus).  (5)  Some  of  the  axons  of  the  cells  of  the  terminal  nucleus  enter  the  motor 
nucleus,  and  thus  establish  a  simple  reflex  apparatus. 

The  Development  of  the  Parts  derived  from  the  Ehombencephalon. 

A  general  sketch  of  the  development  of  the  medulla,  pons,  and  cerebellum  has  already 
been  given  (p.  476).  It  is  only  necessary,  therefore,  in  this  section  to  call  attention  to 
some  of  the  more  important  details  connected  with  the  process. 

Medulla. — In  the  embryo  the  cervical  flexure  indicates  in  a  sharp  and  definite  manner 
the  point  of  junction  between  the  cord  and  the  brain  (Fig.  382,  p.  477).  In  the  early 
condition  of  the  rhombencephalon  the  calamus  scriptorius  extends  downwards  to  this  level, 
so  that,  in  the  first  instance,  there  is  no  part  of  the  medulla  which  corresponds  to  the 
closed  portion  present  in  the  adult.  The  lower  closed  part  of  the  meduUa  makes  its 
appearance  at  a  later  period,  and  is  termed  by  His  the  intercalated  portion  (Schaltstuck). 

In  our  study  of  the  development  of  that  part  of  the  neural  tube  which  forms  the  spinal 
cord  we  have  recognised  two  thick  lateral  walls  connected  in  front  and  behind  by  narrow 
mid- ventral  and  mid-dorsal  laminae.  The  same  parts  are  seen  in  the  developing  medulla. 
Owing,  however,  to  the  expansion  of  the  cavity  in  this  portion  of  the  tube  the  mid-dorsal 
lamina  is  stretched  out  into  an  extensive  and  thin  epithelial  membrane  which  forms  the 
dorsal  wall  or  roof  of  the  ventricle  in  this  section  of  the  early  brain.  The  thick  lateral 
walls  have  also  fallen  away  from  each  other,  and  are  joined  in  front  by  the  narrow 
mid-ventral  lamina.  On  section,  therefore,  the  medullary  part  of  the  neural  tube  presents 
a  triangular  figure — the  base,  which  is  directed  backwards,  being  formed  by  the  thin 
epithelial  expansion  derived  from  the  mid-dorsal  lamina,  the  apex  by  the  narrow  mid- 
ventral  lamina,  and  the  sides  by  the  thick  lateral  walls  of  the  tube.  Further,  each  lateral 
wall  consists  of  an  alar  or  dorsal  and  a  basal  or  ventral  lamina.  This  subdivision  is  more 
clearly  indicated  than  in  the  cord,  and  on  the  inner  surface  of  the  lateral  wall  a  stixjugly- 
marked  longitudinal  furrow  marks  the  line  of  junction  of  the  two  laminee.     The  histo- 


DEVELOPMENT  OF  THE  MEDULLA.  527 

logical  development  of  theae  several  parts  of  the  wall  of  the  medullary  portion  of  the 
oeural  tube  proceeds  in  a  maoDer  very  tiimilaF  to  that  already  detailed  in  the  case  of  the 
cord.  No  neuroblaate  are  formed  in  the  mid-ventral  and  mid-dorsal  laminae ;  the  entire 
neuroblastic  formation  ia  confined  to  the  basal  and  alar  lamina.  Within  the  basal  lamina, 
likewise,  are  collected  the  neuroblasts  which  form  the  nuclei  of  origin  of  the  efferent 
nerves  ;  whilst  within  the  alar  lamina  are  developed  the  neuroblasts  which  constitute  the 
nuclei  of  termination  for  the  fibres  of  the 
afferent  nerves. 

As  development  proceeds,  the  two  laminte 
of  the  lateral  wall  fall  outwards  to  a  still 
greater  extent,  so  that  they  come  to  lie  very 
nearly  in  the  same  horiEOutal  plane.  In  this 
manner  their  originally  mesial  or  ventricular 
surfaces  come  to  form  the  floor  of  the  fourth 
ventricle.  Even  in  the  adult  the  groove, 
which  separates  the  basal  and  alar  laminte 
so  clearly  from  each  other  in  the  early  con- 
dition, is  more  or  less  distinctly  perceptible  on 
the  ventricular  floor.  It  is  represented  by  the 
fovea  inferior  and  by  the  fovea  superior. 
Between  these  depressions  and  the  mesial 
groove  on  the  floor  of  the  fully -developed 
fourth  ventricle  there  is  an  elongated  eleva- 
tion, which,  in  its  lower  part,  forms  the  tri- 
gonum  hypoglossi,  above  this  the  emenentia 

teres,  whilst  higher  up  it  is  continued  towards  "  .!^.'^ 

the  commencement  of  the  Sylvian  aqueduct. 
This  clearly- marked  and  bulging  mesial  strip 
of  the  ventricular  floor  corresponds  to  the 
basal  lamina,  whilst  the  part  of  the  floor  which 
lies  to  the  outor  side  of  it  and  the  two  fovete 
is  derived  from  the  alar  lamina.  The  latter, 
therefore,  includes  the  trigonum  vagi,  the  area  , 
acustica,  and  the  locus  oxruleuB.  [ 

The  further  development  of  the  medulla 
takes  place  on  the  ven^I  aspect  of  the  two 
lamiiiK  by  the  deposition  of  new  parts  on 
those  which  are  already  formed.  An  oval 
bundle  of  longitudinal  flhres  makes  its  ap- 
pearance on  the  outer  surface  of  the  alar 
lamina,  at  the  point  where  this  joins  the 
basal  lamina.  This  is  the  early  fasciculus 
Bolitarius.  It  is  composed  of  afferent  fibres 
from  the  glossopharyngeal  and  vagus  nerves. 
These,  on  reaching  the  surface  of  the  medulla, 
turn  downwards  upon  it.  At  first  the  con- 
nexion of  the  fasciculus  solitarius  with 
the  medulla  is  very  loose,  and  it  may  be 
r^arded  as  being  the  equivalent  in  this 
part  of  the  neural  tube  of  the  oval  bundle 
of  longitudinal  fibres  which,  in  the  early  cord,  „  „  . 

CO...UUU.  the  fa.  .tage  of  .he  .'ol™„  '"■  S^IZ'i '•=;:J7»?"S""mJ 
of  Burdacb.  Throughout  the  further  stages  modified). 
of  development  the  fasciculus  solitarius  in- 
dicates in  a  BuSicicntly  clear  manner  the  point  of  junction  between  the  alar  and 
basal  laminffi.  Very  soon  it  becomes  covered  over  by  parts  developed  on  its  ventral 
aspect,  and  it  ultimately  comes  to  lie  deeply  in  the  substance  of  the  medulla.  This 
change  in  the  position  of  the  fasciculus  solitarius  with  reference  to  the  surface  is  asso- 
ciated with  a  striking  developmental  process  which  leads  to  certain  remarkable  results, 
and  which  is  termed  the  formation  of  the  rhombic  lip  of  His  (Fig.  422,  B  and  C).  Before 
the  alar  lamina  falls  outwards,  while  it  still  stands  erect  and  its  inner  surface  faces  the 
corresponding  surface  of  the  opposite  lamina,  its  dorsal  edge  is  folded  outwards  and 
becomes  fused  with  the  outer  surface  of  the  remaining  portion  of  the  alar  lamina.     This 
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is  the  rhombic  lip,  and,  when  the  fusion  is  complete,  a  multitude  of  neuroblasts  take  form 
within  it  and  migrate  in  a  forward  and  inwards  direction  into  the  ventral  parts  of  the 
alar  and  basal  laminae.  The  mid-ventral  lamina — which  consists  of  spongioblastic  cells 
alone,  and  which  forms  a  narrow  partition  between  the  two  basal  laminae — is  reached  on 
either  side  by  the  axons  of  many  of  these  migrating  cells.  Whilst  acting  as  an  impassable 
barrier  to  the  neuroblasts,  this  spongioblastic  septum  gives  free  passage  from  one  side  to 
the  other  to  their  axons,  and  a  decussation  of .  arcuate  fibres  in  the  mesial  plane  resulU. 
In  this  way  the  raphe  of  the  medulla  is  formed.  The  process  is  very  similar  to  that  which 
takes  place  in  the  course  of  the  formation  of  the  anterior  commissure  of  the  cord,  of 
which  the  raphe  may  be  regarded  as  the  equivalent  in  the  medulla. 

The  development  of  the  inferior  olivary  nucleus  and  of  its  two  accessory  parts  is  like- 
wise closely  connected  with  the  migration  of  the  neuroblasts  from  the  region  of  the 
rhombic  lip.  Many  of  these  cells  collect  together  so  as  to  form  a  nuclear  lamella,  which 
afterwards  assumes  its  characteristic  crumpled  form. 

As  the  neuroblasts  of  the  rhombic  lip  stream  inwards  they  pass  both  on  the  dorsal 
and  the  ventral  aspects  of  the  fasciculus  solitarius,  which  thus  comes  to  be  covered  over 
and  separated  from  the  surface.  The  spinal  root  of  the  trigeminal  nerve,  like  the 
fasciculus  solitarius,  is  also,  in  the  first  instance,  throughout  its  entire  course  on  the 
surface  of  the  medulla,  and  its  change  of  position  in  the  greater  part  of  its  course  withiu 
the  pons  and  medulla  is  due  to  the  subsequent  development  of  those  parts  which  cover  it 
over. 

The  impoitance  of  the  rhombic  lip  in  the  development  of  the  medulla  will  be  better 
appreciated  if  we  enumerate  the  parts  which  spring  from  it :  (1)  the  inferior  olivary  nuclei; 
(2)  the  cuneate  nucleus ;  (3)  the  substantia  gelatinosa  Roland i ;  (4)  the  arcuate  nucleus ; 
(5)  the  internal  arcuate  fibres ;  (6)  the  olivary  system  of  fibres ;  (7)  the  restiform  body. 
From  this  it  is  evident  that  the  formation  of  the  rhombic  lip  constitutes  an  extremely 
important  step  in  the  development  of  the  human  brain.  Recent  investigation,  however, 
makes  it  clear  that  in  most  of  the  lower  mammals  the  rhombic  lip  does  not  attain  any- 
thing like  the  degree  of  prominence  which  it  presents  in  the  early  brain  of  man. 

The  pyramidal  tracts  which  come  down  from  the  cerebral  cortex  are  late  in  making 
their  appearance  in  the  medulla.  The  formatio  reticularis  precedes  them  in  development. 
They  appear  in  the  fourth  month  of  foetal  life,  and  as  they  are  developed  the  antero- 
median furrow  between  them  takes  form  on  the  ventral  aspect  of  the  medulla. 

His  has  pointed  out  that  the  earliest  formed  part  of  the  medulla  is  the  floor  of  the 
fourth  ventricle,  and  that  the  other  parts,  speaking  genei'ally,  are  added  in  succession  as 
we  pass  tow^ards  the  surface.  "  The  oldest  layer  of  the  medulla  is  the  floor  of  the  fourth 
ventricle  with  its  nuclei.  It  is  followed,  in  the  first  instance,  by  the  reticular  formation, 
and  afterwards  by  the  layer  containing  the  olivary  and  other  nuclei.  Last  of  all  come 
the  pyramids  and  the  outer  (superficial)  arcuate  fibres  "  (His). 

Pons  Varolii. — The  information  which  we  possess  at  the  present  moment  regarding 
the  development  of  the  pons  Varolii  is  somewhat  deficient ;  but  there  is  little  doubt  that 
the  course  pursued  is,  in  general,  very  similar  to  that  which  has  been  described  for  the 
medulla.  It  has  been  seen  to  be  composed  of  parts  which  are  in  a  great  measure 
equivalent  to  those  met  with  in  the  medulla,  the  formatio  reticularis  of  the  latter 
passing  into  the  tegmental  substance  in  the  former,  while  the  pyramids  and  arcuate  nuclei 
and  anterior  superficial  arcuate  fibres  of  the  medulla  are  represented  by  the  large  ventral 
part  of  the  pons.  Further,  as  His  points  out,  similar  relations  between  the  chronological 
and  local  succession  of  layers  may  be  recognised.  Thus  the  primitive  position  of  the 
motor  nucleus  of  the  trigeminal  nerve,  and  also  of  its  spinal  root,  is  a  superficial  one,  and 
it  is  only  by  a  later  process  of  development  that  the  nucleus  pontis  and  the  thick  layer 
of  transverse  and  longitudinal  fibres  are  foniied. 

From  the  phylogeuetic  point  of  view  the  tegmentum  is  the  oldest  part  of  the  pons. 
The  study  of  the  comparative  anatomy  of  the  brain  makes  it  evident  that  the  large 
ventral  part  is  comparatively  a  recent  acquisition.  As  the  cerebral  cortex  extends  with 
the  increasing  evolution  of  the  cerebral  hemispheres  (pallium),  the  ventral  part  of  the 
pons  is  seen  to  keep  pace  with  it  in  its  development.  This  should  easily  be  uuderstotxi 
from  what  has  been  said  in  regard  to  its  structure  and  connexions.  It  is  composed 
of  the  nucleus  pontis,  the  transverse  fibres,  and  the  pyramidal  and  cortico-pontine  fibres, 
all  of  which  stand  in  direct  relation  to  the  cerebral  cortex.  One  of  the  striking  features 
of  the  brain  of  a  microcephalic  idiot,  where  the  cerebral  cortex  is  greatly  reduced,  is  the 
corresponding  marked  diminution  in  the  size  of  the  ventral  part  of  the  pons. 

Cerebellum. — The  roof  of  the  fourth  ventricle  is  formed  for  the  most  part  by  tlie 
thin  epithelial  layer  already  described  as  being  formed  by  the  expanded  mid-dorsal  lamina. 
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This  does  not  Btretch,  however,  over  ila  entire  extent.  As  we  approach  the  upper  part  of 
the  ventricle,  it  is  seen  to  become  continuous  in  the  region  of  the  isthmus  with  a  thicker 
lamella.  This  lamella  is  bounded  above  by  the  intercrossing  of  the  two  trochlear  nerves, 
which  marks  on  the  dorsal  aspect  of  the  neural  tube  the  place  of  junction  between  the 
rhombencephalon  and  the  mesencephalon ;  Mow,  it  is  limited  by  a  forwardly -directed 
eerai  lunar  fold  oF 
the  thin  epithelial 
ventricular  roof, 
vhich  takes  place 
into  the  ventricular 
cavity  at  the  level 
of  the  pontine  fiei- 
ure  of  the  brain. 
The  fold  so  con- 
stituted la  termed  ^^^  423,— Drawinm  to  illostbatb  thb  Dkveuipmsnt  of  tub  {.■srbbblldm 
thepucaclioroldea,  (rrom  Kuithsn). 

seeing    that    meSO-  ^  Traaavme  wction  through  the  forepart  of  the  Mrabelliim  of  a  Bhesp  embryo. 

derm  is  introduced  a  Transv*tB«  »ectioii  through  the  hinder  p»rt  of  the  cerebellum  of  a  sheep  embryo. 

between     its      two  <^-  CerBbcllum  of  s  humui  foetaa  17  cm.  long, 

layers,  and  this  ul-  !■    Sal'^iu  primBriue.  3.  Sulcus  infmpynmidiilin. 

rinatulir   nrivou     riiia  2'      SolCUS  SUprapyrStUidllu,  4.    FlUUDI  pOSt-lUltata. 

Hmateiy  gives  nae        ^ ,  ^^^^^  ^^  ventricle  IV. 

to    the    choroid 

pleios  of  the  fourth  ventricle  {Fig.  425,  A).     The  lamella  which  forms  the  roof  or  dorsal 

wall  of  the  ventricle  in  front  of  the  plica  choroidea  is  developed  into  the  cerebellum, 

ind  the  superior  medullary  velum  (valve  of  Vieussens). 

The  cerebellar  part  of  this  tamella  consists  of  two  thick  lateral  plates  which  meet  in  the 
middle  line  and  are  joined  there  by  an  extremely  thin  dorsal  seam  or  lamina  (Fig.  423,  A). 
The  inner  extremities  of  the  two  cerebellar  plates  are  thus  separated  by  a  median  groove, 
which  opens  into  the  cavity  of  the  hind-brain  (fourth  ventricle).  The  statement,  there- 
fore, that  the  median  lobe  or  vermis  of  the  cerebellum  is  the  most  archaic  part  of  the 
_    .  organ  and  is  the  part  which 

is    developed    first   is   not 
inion  supported  by  fact ;  indeed, 

the   reverse  of  this  is  the 
cerebeiinm      case,  because  at  this  early 
stage  the   lateral   portions 
are  alone  represented. 

In    the  course  of   time 

the  inner  ends  of  the  cere- 

'rth  vantricie    l*ellar  plates  become  fused 

in  the  middle  line,  and  the 

median     furrow     between 

1  them    disappears.     In    the 

process  of  this   fusion   the 

deep  part  of  the  intervening 

furrow     remains     enclosed 

within     the    substance    of 

the   median    part   of    the 

cerebellum  and  persists  for 

Pin.  424. — Tas  Bkain  or  an  Embrio  of  ilivbn  wbeks,  viewed   (Vom   a   short    time  as  a  minute 

behind  to  show  the  development  of  the  cerebelluni.     At  thU  stage  the    cerebellar  ventricle  (Blake). 

cerebellani  ia  ia  the  form  of  a  simple  h»nd  or  plate  which  arches  over  Tlini-Brphollnm  nniunro. 

the  binder  aspect  of  the  fore  part  of  the  cavity  of  the  hind  hrain  (from  .    uoi,ereot.num  nowpre- 

Hii).  seiits  the  appearance  of  a 

simple  uniform  arch  which 
bridges  across  the  dorsal  aspect  of  the  upper  part  of  the  early  fourth  ventricle ;  and  very 
soon  the  sulci  begin  to  appear.  Of  late  years  the  development  and  morphological  import 
of  these  sulci  have  received  much  attention.  Stroud,  Kuithan,  Blake,  Elliot  Smith,  and 
Bradley  have  published  valuable  papers  on  this  subject,  and  what  is  written  here  is 
lai^ely  gathered  from  the  writings  of  these  observers.  Further,  the  terminology 
suggested  by  Elliot  Smith  has  been  chiefly,  but  not  entirely,  followed. 

The  first  fissure  to  appear  is  the  floccnlar  flssnxe,  which  cuts  off  the  postero-lateral 
comer  of  the  cerebellar  plate.  The  portion  thus  marked  off  is  the  flocculns,  and  its  early 
appearance  and  relatively  large  size  at  this  stage  are  significant  of  its  high  morphological 
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importance  as  a  lobule  of  the  cerebellum.     The  fioocular  fissure  is  cantJDued  inwudg 

close  to  the  posterior  border 
of  the  cerebellar  plate,  join- 
iog  ite  fellon  of  the  opposite 
side  Id  the  middle  hue. 
Here  it  receives  the  name 
of  poat-nodnlar  flaBon.  A 
narrow  strip  of  cerebellar 
surface  is  tliua  marked  out. 
The  mediae  part  of  ibis 
strip,  by  special  growth,  be- 
comes the  nodnlna,  whiUt  the 
part  which  extends  betweeu 

\^  r^  ~  this  and  the  flocculus  remaiiiH 

i^ji'oooiDc*  ^  narrow   and    band-like,   apd 

^jf  ^\/^  ultimately   forms   a   portion 

"■■^     ,  of     the    inferior    medullary 

Fio.  425.  velum. 

A.   Meainl  section  through  the  cereWlQiu  of  an  early  hiimui  fretuii  The    next    furrow  which 

(eemi-diagram malic).  appears  is  the  snlcofl  prim- 

B.   Mesial  sactian  through  the  cerehelluni  of  a  liuman  fcetus  IT  cm.  long     m^gs    (Kuitbao)    or    flsann 
(from  Koithan).  p^j^^^    ^gUj^^     Smith).      It 

1    FUsura  prima.  1.   F^.ira  portuodnlaris.  ^^ta  deeply  into  the  Tenuis 

J,   Ftssnra  anpraovramirlalis.  T.  Transvfrae  aroove  on  the  roof  of   .         .       '  ''  ,-       ..       i 

3.   PiMi.™  intrapyratnUslis.  the  fourth  ventricle.  1"  »  transverse  direction  be- 

tween the  culmeii  monticuli 

and  the  clivus  monticuli,  and  is  then  carried  outwards  over  each  hemisphere  so  as  to 

separate  the  two  crescentic  lobules.     The  hssura  prima  ia  the  deepest  of  all  the  fissures 

of    the  vermis,   and    it   ia  Nodui« 

developed  towarda  the  end 

of    the    third   month.      A 

little  later  two  other  fur- 
rows  are  observed  in   the    F](,cei,Ur  fluure 

vermis.       These    are    the  xomii 

saprapyramidal   and    the   Biventni  lobiiie 

infirapyramidal  (the6asiira 

secuiida  of  lillliot  Smith). 

By  the  former  the  pyramid 

is  limited  above ;   by  the 

latter  the  pyramid  is  separ-  i, 

ated  from  the  uvula. 

,     "■  1,-mi  t    \.       *"'""    *^'" — '^""S"    SURKACE    OF    THB    CSBBBELLOM    OV   A    HdMAR    FUnS 

or    tne  vermis  are    estao-    «h,ch  has  UAcnsD  the  End  or  ibb  Fifth  Mosta  op  D>vBi.opMi!tT. 
lished,  four  important  sulci 

on  the  surface  of  each  cerebellar  hemisphere  come  into  view,  viz.  the  postlunate,  the 
post- tonsillar,  the  parapyramidal,  aud  the  great  horiEontal  sulci. 

The  flssora  poBtlnnata  ap- 

cuimsn  nioiitieuii  pears  in  the  fourth  month,  and 

curves  inwards  on  the  upper 

Piimn  utwrtor  lobule  surface  ot  the  organ  behind  the 

posterior  crescentic  lobule.  In 
many  cases  it  becomes  con- 
tliicnt  with  its  fellow  ot  the 
opposite  aide  behind  tbeclivua 
monticuli.  The  poat-toosUlai 
t  horiionui  nsiiure     ^Mnro   '8  seeu  on  the  under 

. Atttior  lobule  sui-face  of  the  cerebellum  about 

suprapyiumidai  fiJMute      iui™i.}TBmici.uH  iiHiir*  tbebegiuningot  thefifthmoDth. 

Fi...  437.-CsBEBSLLo«  OP  A  Hdhan  F^vi  WHICH  H.j«  RBACHiD  u  circumscribos  thc  promincut 

THE  End  01'  THE  FitTH  MONTH  OF  DEVELOPMENT.     Viewed  from  J  .  .   _   -I     I 

above  and  behiod  *""     conspicuous    tonsil    and 

becomes  confluent  with  the 
flssura  infrapyramidalia.  The  parapyramidal  flamre  appears  on  the  under  surface  of  the 
cerebellar  hemisphere  behind  the  biveutral  lobule,  and  usually  joins  the  euprapyraraidal 
fissure  of  the  inferior  vermis. 
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The  great  horizontal  fissure,  in  spite  of  its  depth  in  the  adult  braiu — a  depth  which 
is  due  to  the  excessive  growth  iu  the  later  months  of  development  of  the  two  lobules  that 
bound  it — appears  very  late  in  the  development  of  the  cerebellum.  It  is  first  seen  as  a 
very  broad  shallow  groove  or  furrow  on  the  outer  margin  of  the  hemisphere.  From  this 
it  runs  forwards  to  the  middle  peduncle  and  backwards  towards  the  vermis,  where  it 
usually  joins  the  postlunate  fissure.  At  this  stage  there  is  no  folium  cacumiuis,  so  that 
the  combined  portion  of  the  postlunate  and  great  horizontal  fissures  intervenes  between 
the  cHvus  monticuli  and  the  tuber  valvulse.  Even  at  the  time  of  birth  the  folium 
cacuminis  is  not  seen  on  the  surface.  It  rises  up  from  the  bottom  of  the  combined  portions 
of  the  great  horizontal  and  postlunate  fissures  so  as  to  form  a  barrier  between  them. 

Very  early  a  transverse  groove  appears  on  the  smooth  anterior  or  ventricular  surface 
of  the  cerebellum  (Fig.  425,  B,  t).  This  is  placed  much  nearer  the  lower  than  the  upper 
border  of  the  organ,  and  it  represents  at  this  stage  the  angular  peak  of  the  tent-like  roof 
of  the  fourth  ventricle  in  the  adult  brain.  As  growth  goes  on,  the  portions  of  the  cere- 
bellum in  front  and  behind  this  groove  approach  each  other,  so  as  to  deepen  the  groove 
and  bring  about  the  backward  prolongation  of  the  ventricular  cavity  towards  the  cerebellum. 

The  leading  distinctive  characters  of  the  human  cerebellum  are:  (1)  the  small  size 
of  the  flocculus ;  (2)  the  large  size  of  the  tonsil ;  (3)  the  excessive  development  of  the 
lateral  hemisphere,  and  particularly  of  the  postero -superior  and  postero-inferior  lobules 
which  bound  the  great  horizontal  fissure. 

THE  MESENCEPHALON. 

The  mesencephalon  or  mid-brain  is  the  short,  narrow  part  of  the  brain-stem 
which  occupies  the  aperture  of  the  tentorium  cerebelli  (ineisura  tentorii),  and 
connects  the  cerebrum  which  lies  above  with  the  parts  which  occupy  the  posterior 
cranial  fossa.  It  is  about  three-quarters  of  an  inch  in  length,  and  it  consists  of  a 
dorsal  part,  composed  of  the  corpora  quadrigemina,  and  a  much  larger  ventral  part, 
which  is  formed  by  the  two  crura  cerebri. 

In  the  undissected  brain  the  corpora  quadrigemina  are  completely  hidden  from 
view  by  the  splenium  of  the  corpus  callosum,  which  projects  backwards  over  them, 
and  also  by  the  superimposed  cerebral  hemispheres.  The  hinder  end  of  each  optic 
thalamus  likewise,  to  some  extent,  overhangs  the  upper  part  of  the  mesencephalon 
on  its  dorsal  and  lateral  aspect  (Fig.  388,  p.  482).  On  this  portion  of  the  optic 
thalamus  are  seen  two  projections,  which  are  specially  related  to  the  mesencephalon. 
These  are  the  cushion-like  pulvinar,  which  forms  the  inner  and  hinder  part  of  the 
thalamus,  and  the  corpus  geniculatnm  extemmn,  an  ill-defined  oval  swelling  on  the 
outer  and  under  aspect  of  the  posterior  end  of  the  thalamus. 

The  crura  cerebri  can  to  some  extent  be  seen  on  the  base  of  the  brain,  where 
they  bound  the  posterior  part  of  the  interpeduncular  space.  Encircling  the  upper 
end  of  each  cms  cerebri,  where  it  plunges  into  the  cerebrum,  is  the  optic  tract 
(Fig.  380,  p.  474). 

The  mesencephalon  is  tunnelled  from  below  upwards  by  a  narrow  passage, 
called  the  aaueduct  of  Sylvius,  which  connects  the  fourth  ventricle  with  the  third 
ventricle  (Fig.  429,  p.  533).  This  channel  lies  much  nearer  the  dorsal  than  the 
ventral  aspect  of  the  mesencephalon. 

Corpora  Qaadrigemina. — This  name  is  applied  to  four  rounded  eminences  on 
the  posterior  aspect  of  the  mesencephalon  (Fig.  388,  p.  482).  The  superior  pair  are 
larger  and  broader  than  the  inferior  pair,  but  they  are  not  so  well  defined  nor  are 
they  so  prominent.  A  longitudinal  and  a  transverse  groove  separate  the  quad- 
rigemina! bodies  from  each  other.  The  longitudinal  groove  occupies  the  mesial  plane 
and  extends  upwards  to  the  posterior  commissure  of  the  brain.  The  upper  end  of 
this  groove  widens  out  into  a  shallow  depression,  in  which  the  pineal  body,  a  small 
conical  structure  which  belongs  to  the  diencephalon,  rests.  From  the  lower  end  of 
the  same  groove  a  short  but  well-defined  and  projecting  band,  the  firenulum  veil, 
passes  to  the  valve  of  Vieussens,  which  lies  immediately  below  the  inferior  pair 
of  quadrigeminal  bodies.  The  transverse  groove  curves  round  below  each  of  the 
superior  pair  of  quadrigeminal  bodies  and  separates  them  from  the  inferior  pair. 
It  is  also  continued  in  an  upward  and  forward  direction  on  the  lateral  aspect 
of  the  m^encephalon. 


PULVINAR 
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The  quadrigeminal  bodies  are  not  marked  off  laterally  from  the  sides  of  the 
mesencephalon,  but  each  has  in  connexion  with  it,  on  this  aspect,  a  prominent 
strand  of  white  matter,  which  is  prolonged  upwards  and  forwards  under  the 
projecting  pulvinar  and  corpus  geniculatum  externum.  These  strands  are  called 
the  bracMa  of  the  corpora  atiadrigemina,  and  they  are  separated  from  each  other  bj 
a  continuation  on  the  side  of  the  mesencephalon  of  the  transverse  groove,  which 
intervenes  between  the  two  pairs  of  bodies. 

The  corpus  geniculatum  internum  (corpus  geniculatum  mediale)  is  closely 
associated  with  the  brachia.  It  is  a  small,  sharply-defined  oval  eminence,  which 
lies  on  the  side  of  the  upper  part  of  the  mesencephalon  under  shelter  of  the  pulvinar 
of  the  optic  thalamus. 

The  inferior  bracMum  (brachium  quadrigeminum  inferius),  proceeding  upwards 
from  the  lower  quadrigeminal  body,  advances  towards  the  corpus  geniculatum 
internum  and  disappears  from  view  under  cover  of  this  prominence.  Upon  the 
opposite  side  of  the  same  geniculate  body  the  mesial  root  of  origin  of  the  optic  tract 
takes  shape  on  the  surface,  and  the  appearance  is  such  that  the  conclusion  might 
very  naturally  be  arrived  at  that  the  inferior  brachium  and  this  root  of  the  optic 

tract  are  continuous  with  each  other  under  the  genicu- 
/        ^ooRProcNWT:  latc   clevation.      This   is   not   the  case,  however;   the 

I  /  -^— ^RiK'i!^"^''"**'  fibres  of  the   inferior    brachium,    to    a    large   extent, 

opTioTUACT  pj,Q^j^^  ^j^^Q  ^Yie  subjacent  tegmentum  under  cover  of 

the  internal  geniculate  body  and  help  to  constitute  an 

MESIAL  ROOT.  ascending  tract  from  the  inferior  quadrigeminal  body, 

ooRP qknint:  which  proceeds  upwards  to  the  optic  thalamus.     Of  the 

jwrBRA'SH'iir  fibres  of  the  mesial  root  of  the  optic  tract  some  end  in 

80PB.9UAOB00V.  tho  gray  matter  of  the  internal  geniculate  body,  whilst 

.Nr«.  QUAD  BODY.  others  arise  within  it.     They  constitute  what  is  called 

PiQ.  428.— Diagram  of  the  roots  chidden's  commiBBure. 

OF  THE  Optic  Nrrve.  ^v  .        ».       i_.  /i_       i_-  j   • 

The  supenor  brachinm  (brachium  quadngemmum 
superius)  is  carried  upwards  and  forwards  between  the  overhanging  pulvinar 
and  the  corpus  geniculatum  internum.  A  surface  examination  of  the  mesen- 
cephalon is  sufQcient  to  show  that,  while  a  large  part  of  this  strand  enters  the 
corpus  geniculatum  externum,  a  considerable  portion  runs  into  the  lateral  root  of 
the  optic  tract. 

The  optic  tract  is  thus  attached  to  the  brain-stem  by  two  roots,  viz.  a  mesial 
and  a  lateral,  which  are  separated  from  each  other  by  a  distinct  groove.  The 
mesial  root  disappears  under  the  internal  geniculate  body.  The  lateral  root  spreads 
out  and  some  of  its  fibres  enter  the  superior  quadrigeminal  body  through  its 
brachium,  whilst  others  find  their  way  into  the  corpus  geniculatum  externum  and 
the  pulvinar  of  the  optic  thalamus  (Fig.  428). 

Omra  Cerebri  (pedunculi  cerebri). — The  crura  cerebri  constitute  the  chief  bulk 
of  the  mesencephalon  (Fig.  429,  p.  533).  Upon  the  basal  aspect  of  the  brain  they 
appear  as  two  Large  rope-like  strands,  which  emerge  close  together  from  the  upper 
aspect  of  the  pons  Varolii  and  diverge  as  they  proceed  upwards  to  enter  the 
cerebrum.  At  the  place  where  each  cms  disappears  into  the  corresponding  side 
of  the  cerebrum,  it  is  encircled  by  the  optic  tract. 

Each  crus  cerebri  is  composed  of  two  parts,  viz.  a  dorsal  tegmental  part  (teg- 
mentum), which  is  prolonged  upwards  into  the  region  below  the  optic  thalamus 
(subthalamic  tegmental  region),  and  a  ventral  pedal  portion  or  croBta  (basis  pedun- 
culi), which,  when  traced  upwards  into  the  cerebrum,  is  seen  to  take  up  a  position 
on  the  outer  side  of  the  optic  thalamus  and  to  be  continuous  with  the  internal 
capsule  of  the  brain.  When  the  base  of  the  brain  is  examined  it  is  the  crusta 
which  is  seen,  and  it  is  observed  to  be  white  in  colour  and  streaked  in  the  longi- 
tudinal direction.  In  the  tegmentum  the  longitudinally-arranged  fibres  are,  for 
the  most  part,  corticipetcU,  or,  in  other  words,  fibres  which  are  ascending  towards 
the  cortex  of  the  cerebrum ;  the  crusta,  on  the  other  hand,  is  entirely  composed  of 
longitudinal  strands  of  fibres  which  are  corticifugal,  or  fibres  which  descend  from 
the  cortex  cerebri. 

On  the  surface  of  the  mesencephalon  the  separation  between  the  tegmental  and 
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ped&l  portions  of  the  crus  cerebri  ie  clearly  indicated  by  an  inner  and  an  outer  groove. 
The  inner  or  mesial  furrow  is  the  more  distinct  of  the  two.  It  looka  into  the 
interpeduncular  space,  and  from  it  emerge  the  fascicles  of  tlie  third  or  oculo-motor 
nervB.  It  is,  therefore,  termed  the  sulcus  oCTUo-motoril  (sulcus  nervi  oculo-motorii). 
The  outer  groove,  which  is  placed  on  the  lateral  aspect  of  the  mesencephalon, 
receives  the  name  of  the  snlcns  lateralis  mesencephalL  When  traced  downwards,  it 
isobserved  to  become  continuous  with  the  furrow  which  intervenes  between  the 
middle  and  superior  peduncles  of  the  cerebellum. 

A  close  inspection  of  the  outer  surface  of  the  tegmental  part  of  the  crus  cerebri, 
below  the  level  of  the  quadrigeminal  brachia,  will  reveal  some  faintly-marked 
bundles  of  fibres  curving  obliquely  upwards  and  backwards  to  reach  the  inferior 
quadrigeminal  body  (Fig.  390,  p.  484).  These  are  fibres  of  the  lateral  fillet,  coming 
to  the  surface  at  the  sulcus  laterahs  and  sweeping  over  the  subjacent  superior 
cerebellar  peduncle  to  gain  the  inferior  quadrigeminal  body. 

INTERNAL  STRUCTURE  OF  THE  MFSENCEPHALON. 

When  transverse  sections  are  made  through  the  mesencephalon  the  aqueduct  of 
Sylvius  is  seen  to  be  surrounded  by  a  thick  layer  of  gray  matter,  which  receives  the 
name  of  the  Sylvian  gray  natter  or  the  cenbal  gray  matter  of  tlie  aqueduct  (stratum 
griseum  centrale).     On  the  dorsal  aspect  of  the  Sylvian  gray  matter  the  corpora 
quadrigemina  form  a  layer  which  separates  it  from  the  surface,  and  to  which  the 
term  lamina  quadrigemina  is  applied. 
On  the  ventral  and  lateral  aspects 
of  the  Sylvian  gray  matter  are  the 
tegmental    portions    of    the    crura 
cerebri;  whilst,  intervening  between 

each   of  the  latter  and   the  corre-  "■*" 

sponding  crusta,  there  is  a  con- 
spicuous mass  of  dark  pigmented 
matter  termed  the  substantia  nigia. 

Sflvian  Aqueduct  and  Sylvian 
Oray  Hatter  (aquEeductus  cerebri 
— stratum  griseum  centrale). — The 

aqueduct   of    Sylvius   is   the  canal  """        '""^  oouiomo™.ui 

which  leads  from  the  fourth  ventricle  fw-  428.— DiAOB*«iiiTio  Vibi 
below  upwards  through  the  mesen-  */,"HrMB«N«"™.' 
cephalon,  to  the  third  ventnole  above. 
It  is  not  quite  three-quarters  of  an  inch  in  length,  and  it  lies  much  nearer 
the  dorsal  than  the  ventral  surface  of  the  mesencephalon.  When  examined  in 
transverse  section,  it  presents  a  triangular  outline  as  it  passes  into  the  fourth 
Tentricle  and  a  T-shaped  outline  close  to  the  third  ventricle.  In  the  intermediate 
part  of  its  course  it  assumes  different  outlines,  and  not  always  the  same  form  at 
the  same  level  in  different  individuals. 

The  aqueduct  of  Sylvius  is  lined  by  ciliated  epithelium,  and  outside  this  is  the 
thick  layer  of  Sylvian  gray  matter,  which  is  directly  continuous  below  with  the  gray 
matter  spread  out  on  the  floor  of  the  fourth  ventricle,  and  above  with  gray  matter 
on  the  floor  and  sides  of  the  third  ventricle.  Scattered  more  or  lees  irregularly 
throughout  the  Sylvian  gray  matter  are  numerous  nerve-cells  of  varying  forms  and 
sizes,  whilst  in  addition  to  these  there  are  three  definite  collections  or  clusters  of 
cells,  which  constitute  the  nuclei  of  origin  of  the  trochlear  nerve,  the  oculo-motor 
nerve,  and  the  mesencephalic  root  of  the  trigeminal  nerve.  The  position  and 
relations  of  these  will  he  given  at  a  later  stage. 

Bntntantia  Nigra. — When  seen  in  transverse  section,  the  substantia  nigra 
presents  a  semilunar  outline.  It  consists  of  a  mass  of  gray  matter,  in  the  midst  of 
which  are  large  aumbers  of  deeply  pigmented  nerve-celhi.  It  is  only  when  this 
substance  is  examined  in  bulk  that  it  appears  dark ;  in  thin  sections  it  does  not 
differ  much  in  colour  from  ordinary  gray  matter,  although,  under  the  microscope, 
the   brown -coloured  cells  stand  out  very  conspicuously,  even  imder  low  powers. 
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The  substantia  nigra  is  disposed  in  the  form  of  a  thick  layeft,  interposed  between 
the  tegmental  and  pedal  portions  of  the  cms  cerebri.  It  begins  below  at  the 
upper  border  of  the  pons  Varolii  and  extends  upwards  into  the  subthalamic 
region.  The  margins  of  this  layer  of  dark-coloured  substance  come  to  the  surface 
at  the  oculo-motor  and  the  lateral  sulci  of  the  mesencephalon,  and  its  inner  part  is 
traversed  by  the  emerging  fascicles  of  the  oculo-motor  nerve.  It  is  not  equally 
thick  throughout.  Towards  the  lateral  sulcus  it  becomes  thin,  whilst  it  thickens 
considerably  near  the  inner  aspect  of  the  cms  cerebri.  The  surface  of  the  sub- 
stantia nigra,  which  is  turned  towards  the  tegmentum,  is  concave  and  uniform ; 
the  opposite  surface  is  convex  and  rendered  irregular  by  the  presence  of  numerous 
slender  prolongations  of  the  substance  into  the  crusta. 

The  morphological  and  physiological  significance  of  the  substantia  nigra  is  not 
fuUy  understood,  and  the  connexions  established  by  its  cells  are  imperfectly 
known. 

Inferior  Quadrigeminal  Bodies  (colliculi  inferiores). — Each  of  the  inferior 
quadrigeminal  bodies  is  largely  composed  of  a  mass  of  gray  matter  which,  in 
transverse  section,  presents  an  oval  outline  (Fig.  432,  p.  537).  This  central 
nucliBus  is,  to  a  large  extent,  encapsulated  by  white  matter.  Numerous  cells  of 
different  sizes  are  scattered  throughout  it,  and  the  whole  mass  is  pervaded  by  an 
intricate  interlacement  of  fine  fibres,  which,  to  a  large  extent,  are  derived  from  the 
lateral  fillet  and  the  inferior  brachium. 

In  transverse  sections,  through  this  region,  the  lateral  fillet  is  seen  to  abut 
against  the  outer  margin  of  the  central  nucleus.  Many  of  the  fibres  of  this  tract 
enter  it  at  once  and  become  dispersed  amongst  its  cells;  others  sweep  over  its 
dorsal  surface,  so  as  to  give  it  a  superficial  covering ;  whilst  a  third  group  is  carried 
in  the  form  of  a  thin  layer  inwards  on  its  ventral  aspect,  so  as  to  mark  it  off  from 
the  subjacent  Sylvian  gray  matter  of  the  aqueduct  (Fig.  432,  p.  537).  In  this 
manner,  therefore,  the  inferior  quadrigeminal  nucleus  becomes  partially  circum- 
scribed by  the  fibres  of  the  lateral  fillet.  Several  of  the  lateral  fillet  fibres,  which 
proceed  over  the  superficial  or  dorsal  aspect  of  the  nucleus,  reach  the  mesial  plane 
and  form  a  loose  decussation  with  the  corresponding  fibres  of  the  opposite  side. 

The  intimate  connexion  which  is  thus  exhibited  between  the  fibres  of  the  lateral  fiUet  and 
the  nucleus. of  the  inferior  quadrigeminal  body  is  very  significant  It  has  already  been  shown 
that  the  lateral  fillet,  to  a  large  extent,  comes  from  the  nuclei  of  termination  of  the  cochlear 
nerve  of  the  opposite  side,  although  most  of  its  fibres  have  to  pass  through  several  nuclear  inter- 
nodes  before  they  reach  the  inferior  quadrigeminal  body.  We  must  associate,  therefore,  the 
inferior  quadrigeminal  body,  and  also  the  corpus  geniculatum  internum,  which  Ukewise  receives 
lateral  fiUet  fibi'es,  with  the  organ  of  hearing. 

This  view  of  the  inferior  quadrigeminal  bodies  is  supported  both  by  experimental  and  by 
morphological  evidence.  Spealdng  broadly,  it  may  be  stated  that  the  inferior  quadrigeminal 
bodies  are  only  present  as  distinct  eminences  in  mammals,  and  then  they  are  invariably  correlated 
with  a  spirally-wound  and  well-developed  cochlea.  That  they  have  nothing  to  do  with  sight, 
is  shown  by  the  fact  that,  when  the  eveballs  are  extirpated  in  a  young  animal,  the  inferior 
quadrigeminal  bodies  remain  unaffectea,  whilst  the  superior  quadrigeminal  bodies  aft«r  a  time 
atrophy  (Gudden).  When,  on  the  other  hand,  the  cochlear  terminal  nuclei  are  destroyed,  fibi\n$ 
which  have  undergone  atrophy  may  be  followed  to  the  inferior  quadrigeminal  bodies  of  botli 
sides,  but  particularly  to  that  of  the  opposite  side  (Ba^inski,  Bumm,  and  Ferrier  and  Turner).  A 
very  considerable  tract  of  ascending  fibres  takes  origin  within  the  inferior  quadri^miual  body 
and  passes  upwards,  in  the  inferior  brachium,  into  the  tegmentum  subjacent  to  the  mtemal  geni- 
culate body.  Within  the  tegmentum  they  proceed  up  to  the  optic  thalamus  (Ferrier  and 
Turner). 

Superior  Quadrigeminal  Bodies  (colliculi  superiores). — The  superior  quadri- 
geminal body  presents  a  more  complicated  structure  (Fig.  431).  Superficially,  it  is 
coated  with  a  very  thin  layer  of  white  matter,  which  is  termed  the  strstom  sonale. 
Underneath  this  there  is  a  gray  nucleus,  called  the  stratum  cinerenm,  which  in 
transverse  section  exhibits  a  crescentic  outline  and  rests  in  a  cap-like  manner  upon 
the  subjacent  part  of  the  eminence  The  succeeding  two  strata,  which  respectively 
receive  the  names  of  stratum  opticum  and  the  stratum  lemnisci,  present  this  feature 
in  common,  that  they  are  composed  of  gray  matter,  traversed  by  numerous  fibres. 
The  source  from  which  the  fibres  are  derived  differs,  however,  in  each  case. 

Nerve-fibres  reach  the  superior  quadrigeminal  body  through — (1)  the  lateral 
and  mesial  fillets,  and  (2)  through  the  superior  brachium.     The  fillet  flbres  enter 
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the  Btratum  lemnisci,  and,  in  all  probability,  end  there.  The  sap«tior  brachinm 
coQlaina  fibres  of  two  diiTerent  kinds,  viz.  fibres  from  the  optic  tract  and  fibres  from 
the  cortex  of  the  occipital  lobe  of  the  cerehrum.  By  the  former  it  is  connected 
with  the  retina,  and  by  the  latter  with  the  viaual  centre  in  the  occipital  region  of 
the  cerebral  cortex.  The  retiiial  fibres,  for  the  most  part,  spread  out  on  the  surface 
of  the  quadrigeminal  body  and  form  the  stratum  zonale.  Most  of  them  dip  down 
into  the  substance  of  the  body  and  end  in  connexion  with  the  cells  of  the  deeper 
layers ;  several,  however,  are  carried  across  the  mesial  plane,  to  end  io  the  superior 
quadrigeminal  body  of  the  opposite  side.  The  occipital  fibres,  and  probably  also 
some  of  the  retinal  fibres,  enter  the  stratum  opticum.  The  fibres  from  the  occipital 
cortex  form  part  of  the  optic  radiation,  and  the  course  which  they  pursue  will  be 
dealt  with  later  on. 

Tegmental  Portions  of  the  Crura  Cerebri  (tegmenta). — The  tegmentum  of 
the  cruB  cerebri  may  be  regarded  as  the  continuation  upwards  of  the  formatio 
reticularis  of  the  medulla 
and  the  dorsal  or  tegmental 
portion   of  the  pons  into 
the  mesencephalon.    It  ^y^''" 
therefore   consists  of  fine 
bundles     of     longitudinal  Aqu* 
fibres  intersected  bj  arch-         ' 
ing   fibres,  which   take   a 
transverse  and  curved 
course.      The     interstices 
between    these   nerve- 
bundles    is    occupied    by 
gray  matter  containing  ir- 
regukirly  scattered  nerve- 
cellfl.     On  its  dorsal  aspect 
the    tegmentum    is    con-      ^^ 
tinuous,  at  the  side  of  the       f 
Sylvian  gray  matter,  with 
the   bases   of  the  corpora 
quadrigeniina,  whilst  ven- 
trally  it  is  separated  from     am 
the    crusta    by  the    sub- 
stantia   nigra.     The    two 
tegmenta  of  opposite  sides 
are,  bo  some  extent,  marked 
off  from  each  other  in  the 
mesial    plane    by    a    pro-  ^ 
longatiott  upwards  of  the 
median  raphe  of  the  pons 

and  medulla,  although,  in  the  lower  part  of  the  mesencephalon,  tliis  is  much 
obscured  by  the  decussation  of  the  superior  peduncles  of  the  cerebellum.  The  two 
longitudinal  strands,  termed  the  posterior  longitudinal  tmndle  and  the  fillet,  are 
prolonged  upwards  throughout  the  entire  length  of  the  mesencephalon ;  and  they 
present  the  same  relations  to  the  tegmentum  as  in  the  lower  parts  of  the  brain. 
The  former  is  placed  in  relation  to  its  dorsal  aspect,  whilst  the  fillet  is  carried  up 
in  its  ventral  part. 

The  tegmentum  of  the  eras  cerebri  may  be  considered  as  presenting  two  parts  : 
viz.  (1)  a  lower  part,  which  is  placed  subjacent  to  the  inferior  quadrigeminal  bodies 
and  which  is  lai^ly  occupied  by  the  decussation  of  the  superior  cerebellar  peduncles 
(Fig.  430);  and  (2)  a  superior  part,  subjacent  to  the  superior  quadrigeminal 
bodies,  which  is  traversed  by  the  emerging  bundles  of  the  third  nerve  and  which 
contains  a  large  and  striking  nuclear  mass,  termed  the  nucleus  ruber  or  the  red  teg- 
mental nucleus  (Fig.  431).  In  the  lower  part  of  the  mesencephalon  is  the  nucleus 
of  the  fourth  nerve ;  in  the  upper  part,  the  nucleus  of  the  third  nerve. 

Superior  Cerebellar  PeduucleB  (brachia  conjunctiva). — As  the  superior  cere- 
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ballar  peduncles  leave  the  pons  oud  sink  into  the  tegmenta  of  the  meaeacephalon, 
they  undergo  a  complete  deousaation  subjacent  to  the  inferior  quadrigeminal  bodies 
and  the  Sylvian  gray  matter  (Figs.  407,  p.  505 ;  432,  p.  537  i  and  430,  p.  535). 
In  this  manner  each  peduncle  is  transferred  from  one  side,  across  the  mesial 
plane,  to  the  opposite  side.  The  decussation  is  completed  at  the  level  of 
the  upper  borders  of  the  inferior  quadrigeminal  bodies,  and  then  each  peduncle 
proceeds  upwards  into  the  superior  part  of  the  tegmentum,  where  it  encounters 
the  red  nucleus.  Into  this  a  large  proportion  of  its  fibres  plunge  and  come  to  an 
end  in  connexion  with  the  nuclear  cells.  Many  of  the  peduncular  fibres,  how- 
ever, are  carried  around  the  nucleus  so  as  to  form  for  it  a  capsule  which  is  thicker 
on  the  inner  than  on  the  outer  side  (Fig.  431).  These  are  prolonged  into  the 
subthalamic  region,  and  ultimately  penetrate  the  ventral  aspect  of  the  optic  thala- 
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mus,  where  they  end  in  counexion  with  the  thalamic  cells.  The  superior  cerebellar 
peduncle  is,  therefore,  a  great  efferent  tract  which  issues  from  the  lateral 
hemisphere  of  the  cerebellum,  crosses  the  mesial  plane  in  the  lower  part  of  the 
mesencephalon,  and  ends  in  the  red  nucleus  and  the  ventral  part  of  the  optic 
thalamus. 

Sed  Naclens  (nucleus  ruber). — This  is  a  rounded  nuclear  mass,  of  a  reddish 
tint  in  the  fresh  brain,  which  lies  in  the  upper  part  of  the  tegmentum,  and  in  the 
path  of  the  superior  cerebellar  peduncle.  In  transverse  section  it  presents  a  circular 
outline.  It  begins  at  the  level  of  the  lower  border  of  the  superior  quadrigeminal 
body  and  it  extends  upwards  into  the  subthalamic  tegmental  region.  At  first  it  is 
small  and  is  placed  at  a  little  distance  from  the  mesial  plane ;  but  as  it  proceeds 
towards  the  subthalamic  region,  it  increases  in  bulk  and  approaches  more  nearly 
to  the  mesial  raphe,  and  its  neighbour  of  the  opposite  side.  The  curved  emerging 
bundles  of  the  third  nerve  pass  through  it  on  their  way  to  the  surface.  The 
relation  which  the  fibres  of  the  opposite  superior  cerebellar  peduncle  present  to  it 
has  been  described.  These  fibres  traverse  its  lower  part  in  such  numbers  that  in 
Weigert-Pal  specimens  it  presents  a  very  dark  colour ;  but  higher  up,  as  the  fibres 
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are  gradually  absorbed  by  the  nuclear  mass,  tbey  become  less  numerous  in  its 
midst,  and  the  nucleus  assumes  a  paler  tint. 

Nuraerous  fibrvs  which  descend  from  the  cerebral  cortex  and  others  from  thu  corpun  striatum 
enter  the  red  nucleOB.  It  likewise  Bends  out  fibna  which  proceed  in  two  directions  :  (I)  upwaids 
into  the  thalamus ;  (2)  downwards  to  the  apinal  cord.  The  former  may  be  regarded  as  carrying 
on  the  continuitv  of  the  auperior  cerebellar  path  after  its  intemodal  interruption  in  the  tea 
nucleus.  The  fibres  to  the  spinal  coid,  called  the  rubro-^nal  Iract  and  ftrst  describel  by 
Monakow,  cross  to  the  opposite  side  and  then  descend  in  the  tegmentum  to  reach  the  lateral 
column  of  the  conl. 

Posterior  Longitudinal  f  asdcalas. — This  is  a  very  conspicuous  tract  of  longi- 
tudinal fibres  which  extends  throughout  the  whole  length  of  the  medulla,  pons,  and 
mesencephalon,  in  the  formatio  reticularis  or  tegmental  part  of  each.     Below,  at  the 
level  of  the  decussation  of  the  pyramids,  it  becomes  continuous  with  the  anterior 
baaia-bundle  of  the  spinal  cord  (p.  491),  whilst,  by  its  opposite  or  upper  end,  it 
establishes  intricate  counexions  in 
the  region  immediately  above  the 
meaencephalon.       Throughout    its      i>«u«Mti 
whole  length   it  lies  close  to  the 
mesial  plane  and  its  fellow  of  the          mm 
opposite    side.      In    the    mesen-  ''""''^JociJ 
cepbalon     it    is    applied     to    the  Meii>nc«pho 
ventral  aspect  of  the  Sylvian  gray      ""'"JiSl 
matter,  whilst   in   the   pons  and    paarthofl 
medulla  it  is  situated  immediately         F«ur 
subjacent  to  the  gray  matter  of  the      '""*"^n' 
floor  of  the  fourth  ventricle.     One     l-j,,^  m 
of  its  most  salient  features  is  the     D«„M(ti 
intimate  association  which  it  pre-        ceriKi 
aentfi  with  the  three  motor  nuclei        pedimc 
from    which    the   nerves    for    the      *•"■*' "' 
supply  of  the  muBcles  of  the  eye- 
ball take  origin,  \'iz.  the  oculomotor 
or  third  nucleus,  the  trochlear  or  ^     ,,„    „ _,      __        ^  _, 

,  ,,  ,  J     .L  LJ  ^    FlO-   432.— SscnON   TBHOUOH   THE   INFERIOR  QUADRIOBMIKAL 

fourth  nucleus,  ana  the  abducent  bodt  and  the  tkobhittdm  or  tbb  muencbpualoh 

or  sixth  nucleus.      The  first  two  of  bblow  the  Iavel  of  the  NncLsua  of  the  Fouma 

these  are  closely  appUed  to  its  inner  Nerve  in  the  o«ano.    (The  decu-«tio..  of  the  superior 

V^,  ,  "^      '^'^     1  -1   ^    ^1  ,  oereliellar  peduntloi  end  the  counie  of  the  fourth  nerve 

and    dorsal    aspect,    whilst   the    ab-  in  the  Syhian  gr.y  matter  ire  won.) 

ducent    nucleus   is  placed   on   its 

outer  aide.  Into  each  of  these  nuclei  it  sends  many  collaterals,  and  probably  also 
some  of  its  constituent  fibres,  and  these  end  in  terminal  arborisations  around  the 
nuclear  celb.  It  would  appear,  therefore,  that  one  of  the  most  important  functions 
of  this  strand  ia  to  bind  t<%ether  these  nuclei,  and  thus  enable  them  to  act  in 
harmony  with  each  other.  Fibres  also  enter  the  posterior  longitudinal  fasciculus 
from  the  auditory  system  and  perhaps,  also,  from  the  facial  and  other  motor 
nuclei.  The  results  obtained  by  degeneration  would  seem  to  indicate  that,  to  a 
large  extent,  it  is  formed  of  fibres  which  run  a  short  course  within  it. 

In  spite  of  the  large  amount  of  attention  which  has  been  given  to  the  study  of  the  posterior 
longitudinal  bimdle,  it  must  be  admitted  that  there  is  little  unanimity  of  opinion  reganltng  its 
connexions  and  functions.  That  it  is  a  brain  tract  of  high  importance,  is  evident  from  the  fact 
that  it  is  present  in  sU  vertebrates,  and,  further,  that  iLt  fibres  assume  their  medullary  sheaths 
at  an  extremely  early  period.  In  fish,  amphibians,  and  reptiles,  it  ia  one  of  the  most  powerful 
bundles  of  the  medulla.  In  man  its  fibres  meduUste  between  the  sixth  and  seventh  months  of 
foetal  life,  and  at  the  same  time  as  the  fibres  of  the  anterior  basis-bundle  of  the  cord,  with  which 
it  Btands  in  connexion. 

According  to  Van  Gehuchten  and  Edinger,  it  extends  upwards  beyond  the  level  of  the 
oculo-motor  Ducleus,  and  in  the  subthalamic  region  its  fibres  t^ike  origin  from  a  special  nucleus  of 
ltd  own  in  the  gray  matter  of  the  third  ventricle,  immediately  below  the  level  of  the  corpora 
maiiunillaria.  Fibres  also  enter  the  posterior  longitudinal  bundle  from  a  nucleus  conimoii,  to  it 
and  the  posterior  commissure  of  the  brain.  This  nucleus  is  placeil  in  the  fore-part  of  the  Sylvi 
' ■    *■    ■  msalire-       '         '  •■    ■    - 


f^ray  matter  of  the  mid-brain.     Held  asserts  that  numerous  Slires,  arising  from  cells  in  the  superior 
(juadrigeniinal  body,  curve  in  an  arcuate  manner  in  the  tegmentum  outside  the  Sylvian  gray 


LATERAL  AND  MESIAL  FILLETS. 


539 


bellar  peduncle,  and  to  some  extent  appear  on  the  surface  of  the  mesencephalon 
(p.  533). 

But  the  lateral  fillet  cannot  be  conBidered  as  a  tract  composed  entirely  of  ascending  fibres 
belonging  to  the  auditoiy  system.  It  also  contains  descending  fibres,  the  connexions  and 
functions  of  which  are  not  fully  understood.  These  have  been  traced  by  Ferrier  and  Turner 
through  the  pons  and  medulla  into  the  lateral  column  of  the  cord. 

Mesial  Fillet  (lemniscus  mesialis). — The  mesial  fillet  has  already  been  followed 
through  the  medulla  and  pons,  and  its  position  in  each  of  these  portions  of  the 
brain-stem  has  been  defined  (pp.  493  and  504).  In  the  tegmentum  of  the  lower 
part  of  the  mesencephalon  it  is  carried  up  in  the  form  of  a  more  or  less  flattened 
band  on  the  ventral  aspect  of  the  decussating  superior  cerebellar  peduncles.  To 
its  outer  side,  and  forming  an  angle  with  it  (as  seen  in  transverse  section),  is  the 
lateral  fillet  (Figs.  432  and  433),  and  at  this  level  there  is  no  clear  demarcation 
between  these  two  tracts.  In  the 
upper  part  of  the  mesencephalon  the 
appearance  of  the  red  nucleus  in  the 
tegmentum  causes  the  mesial  fillet  to 
take  up  a  more  lateral  and  dorsal 
position,  so  that  it  now  comes  to  lie 
subjacent  to  the  corpus  geniculatum 
internum  (Fig.  431,  p.  536).  At  this 
level  it  exhibits  a  crescentic  outline 
in  transverse  section,  and  the  lateral 
fillet  has  to  a  large  extent  disappeared 
from  its  outer  side. 

The  mesial  fillet  takes  origin  in 
the  lower  part  of  the  medulla  ob- 
longata from  the  gracile  and  cuneate 
nuclei  of  the  opposite  side  (p.  493). 
Seeing  that  the  posterior  column  of 
the  cord  ends  in  these  nuclei,  the  fillet 
may  be  considered  to  continue  that 
column  upwards  into  the  brain.  In 
the  mesencephalon  a  considerable  con- 
tribution of  fibres  is  given  by  the  mesial 
fillet  to  the  superior  quadrigeminal 
body,  and  then  the  remainder  of  the 
tract  proceeds  through  the  subthalamic 
tegmental  region  into  the  hinder  part 
of  the  lateral  nucleus  of  the  optic 
thalamus.  Here  its  fibres  end  in  ter- 
minal arborisations  around  the  thala-    ^^^  436.— Diagram  of   thk  connexions  of   thk 

mic  cells.  Mesial   Fillet    and   also   of  certain   of   the 

Thalamo-cortical  Fibres. 

Ckuiglion  Interpedimcnlare  and  Fasci- 
calnB  BetroflexoB.— On  the  ventral  aspect  of  the  tegmentum,  close  to  the  surface  and  to  the 
mesial  plane,  there  is  a  small  group  of  cells  in  the  lower  part  of  the  my  matter  which  forms 
the  locus  perforatuB  posticus.     This  is  termed  the  ganglion  interpedunculare. 

The  favAeuXus  retroflexus  is  a  small  band  of  fibres  which  arises  above  in  the  ganglion 
habenulfie— a  nuclear  mass  which  will  be  studied  in  connexion  with  the  diencephalon— and 
which  runs  downwards  and  forwards  in  the  tegmentum  of  the  upper  part  of  the  mesencephalon 
between  the  inner  aspect  of  the  nucleus  ruber  and  the  mesial  plane,  to  end  in  the  ganglion 
interpedunculare. 

Fountain  Decussation. — If  the  region  in  front  of  the  posterior  longitudinal  bundles  be 
examined  in  the  upper  part  of  the  mesencephalon  a  very  close  decussation  of  fibres  in  the  mesial 
plane  will  be  observed  in  the  interval  between  the  two  red  nuclei.  This  is  the  **  fountain 
aecuasation.''  According  to  Held,  the  fibres  which  take  part  in  the  dorsal  portion  of  the 
fountain  decussation  (decussation  of  Meynert)  come  from  the  superior  quadrigeminal  bodies,  and, 
after  they  have  gained  the  opposite  side,  they  turn  downwams  in  the  posterior  longitudinal 
fasciculus.  The  ventral  part  of  the  decussation  (decussation  of  Forel)  would  appear  to  l)e  formed 
by  arcuate  fibres  of  the  tegmentum  which  arise  in  the  gray  matter  of  the  Sylvian  aqueduct 

Gnutta  or  Pea  of  the  Cms  Oerebri  (basis  pedunculi). — The  crusta  presents  a 
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the  superior  oblique  muscle  of  the  eyeball.  It  emerges  from  the  braio,  on  its 
ilorsal  aspect,  at  the  upper  part  of  the  superior  medullary  velum,  immediately 
below  the  lower  border  of  the  inferior  quadrigeminal  body  (Fig.  438,  p  543).  The 
DuoleuB  from  which  it  arises  is  a  small  oval  mass  of  gray  matter,  placed  in  the 
ventral  part  of  the  Sylvian  gray  matter  at  the  level  of  the  upper  part  of  the 
inferior  quadrigeminal  body.  The  close  association  of  this  nucleus  with  the 
posterior  longitudinal  bundle  has  already  been  alluded  to.  It  is  sunk  deeply  in  a 
bay,  which  is  hollowed  out  on  the  dorsal  and  inner  aspect  of  that  tract.  The 
nerve  has  a  course  of  some  length  within  the  mesencephalon.  The  axons  of  the 
cells  leave  the  outer  aspect  of  the  nuclear  mass,  and  curve  backwards  and  outwards 
in  the  Sylvian  gray  matter  until  they  reach  the  concave  inner  surface  of  the 
mesencephalic  root  of  the  trigeminal  nerve.  Here  they  are  gathered  together  into 
one  or  two  round  bundles,  which,  bending  sharply,  turn  downwards  at  a  right 
angle  and  descend  on  the  inner  side  of  the  trigeminal  root.  When  the  region 
below  the  inferior  quadrigeminal  body  is  reached,  the  nerve  makes  another  sharp 
bend.  This  time  it  turns  inwards,  enters  the  upper  end  of  the  superior  medullary 
Telum,  in  which  it  decussates  with  its  fellow  of  the  opposite  side.  Having  thus 
crossed  the  mesial  plane,  the  trochlear  nerve  emerges  at  the  inner  border  of  the 
superior  cerebellar  peduncle.  The  course  pursued  by  the  fourth  nerve  within  the 
Sylvian  gray  matter  may  be  traced  by  examining  in  succeasion  Fig.  437 ;  Fig.  432, 
p.  537 ;  Fig.  433,  p.  538 ;  and  Fig.  407,  p.  505. 

Oculo-motor  or  Third  Nerve  (nervus  oculo-motorius). — The  oculo-motor  nerve 
supplies  the  levator  palpebrffi  Buperioris,  all  the  ocular  muscles,  with  the  exception 
of  the    superior  oblique   and  ^, 

the  external  rectus,  and  also 
two  musclee  within  the  eyeball, 

\iz.   the   sphincter  iridis  and  '"" 

the    musculus    ciliaria.      The 

nucleus  of  origin  is  placed  in  :t 

the  ventral  part  of  the  Sylvian  J^"'= 

gray  matter  subjacent  to  the 

.superior    quadrigeminal   body  '""' 

(Fig  431,  p.  536).     In  length 

it  measures  from  5  to  6  mm.  " 

Its  lower  end  is  partially  con- 
tinuous  with   the   nucleus  of 

the  trochlear  nerve,  whilst  its  indf 

upper  end  extends  upwards  for  " 

a  short  distance  beyond  the 
mesencephalon  into  the  gray 
matter  on  the  lateral  wall  of 
the  tbirdventricle.  Itsrelation 
to  the  posterior  longitudinal 
bundle  is  even  more  intimate 

than  that  of  the  trochlear  fid.  437.— tiECTioN  i-HiionaH  tbi  iHrBmrm  QuADuoEHiNAL  Bc>DT 
nucleus.  It  is  cloeely  applied  "">  tbb  tbombntuk  op  th»  MRaBNcspBALou  at  the 
.     ,.       J   __  1        J   ■  t  Lbvbi  ok  the  Loweh  Part  op  the  Nul'lsus  op  thi  TnotH- 

to  the  dorsal  and  mner  aspect        ^^^  nbri-b  (Orang). 
of  this  strand;    many  of  its 

cells  occupy  a  position  in  the  intervala  between  the  nerve-bundles  of  the 
tract,  and  some  even  are  seen  on  its  ventral  or  tegmental  aspect.  The  axons  of 
the  nuclear  cells  leave  the  nucleus  in  numerous  bundles,  which  describe  a  series 
of  curves  as  they  proceed  forwards  through  the  posterior  longitudinal  bundle,  the 
tegmentum,  red  nucleus,  and  inner  margin  of  the  substantia  nigra,  to  finally  emei^ 
from  the  brain-stem  along  the  bottom  of  the  sulcus  oculo-motorius  on  the  inner 
aspect  of  the  cms  cerebri. 

The  celh  of  the  oculo-motor  nucleus  are  not  uniformly  diHtributed  throughout  it  They  are 
grouped  into  several  mow  or  less  distinct  coUectiooH  or  clumps,  some  of  which  po«««s  cells  which 
differ  in  siz*  and  appearance  from  the  others.  These  cell -clusters  are  very  generally  believed  to 
jioweSB  a  definite  relation  to  tht  several  branclieit  of  the  nerve  and  the  muscles  which  thev 
supply.     Perlia  recogniseg  no  less  than  seven  such  cell-clusters  in  each  nucleus,  with  a  small 
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median  nucleus  placed  accurately  on  the  middle  line,  and  from  which  fibres  for  both  ner\*ee 
spring.  Whilst  the  majority  of  the  fibres  in  the  oculo-motor  nerve  arise  from  the  cell-group 
which  lie  on  its  own  side  of  the  mesial  plane,  it  has  been  satisfactorily  established  that  a  certani 
proportion  of  its  fibres  are  derived  from  the  nucleus  of  the  opposite  side,  thus  forming  a  crossed 
connexion  and  giving  rise  to  a  median  decussation.  These  crossed  fibres  are  supposed  by  some 
to  supplv  the  internal  rectus  muscle ;  and  we  have  seen  that  there  is  reason  to  believe  that  the 
part  01  tne  nucleus  from  which  these  fibres  are  derived  stands  in  connexion  through  the  posterior 
longitudinal  fasciculus  with  the  abducent  or  sixth  nucleus  from  which  proceeds  the  nerve  of 
supply  for  the  external  rectus  muscle.  The  harmonious  action  of  the  internal  and  external  recti 
in  producing  the  conjugate  movements  of  the  eyelmlls  is  thus  explained. 

The  oculo-motor  nucleus  is  connected — (1)  with  the  occipital  part  of  the  cerebral  cortex  by 
fibres  which  reach  it  through  the  optic  radiation ;  (2)  with  the  trochlear  and  abducent  nuclei 
(and  probably  with  other  nuclei)  by  fibres  which  come  to  it  through  the  posterior  longitudinal 
bundle ;  (3)  possibly  with  the  &cial  nerve  by  fibres  which  pass  out  from  it  into  the  posterior 
longitudinal  bundle  (p.  538) ;  (4)  with  the  visual  system  by  fibres-which  enter  it  from  the  cells  of 
the  superior  quadrigeminal  body. 

Development  of  the  Mesencephalon. 

Even  iu  the  early  embryo  the  mesencephalou  constitutes  the  smallest  section  of  the 
braiii-tube,  although  the  disproportion  in  size  between  it  and  the  other  primitive  sub- 
divisions of  the  brain  is  not  nearly  so  marked  as  in  the  adult.  Owing  to  the  cephalic 
flexure,  the  mid-brain  for  a  time  occupies  the  highest  part  of  the  summit  of  the  head. 
Later  on  it  becomes  completely  covered  over  by  the  expanding  cerebral  hemispheres. 

The  corpora  quadrigemina  are  derived  from  the  alar  laminse  of  the  lateral  walls  of  the 
brain-tube,  whilst  the  basal  laminee  thicken  and  ultimately  form  the  tegmenta  and  crustie 
of  the  two  crura  cerebri.  The  original  cavity  of  the  mid-brain  is  retained  as  the  aqueduct 
of  Sylvius. 

For  a  considerable  time  the  cavity  of  the  mesencephalon  remains  relatively  large,  and 
the  lower  part  of  its  dorsal  wall  is  carried  downwards  in  the  form  of  a  diverticulum  or 
recess,  which  overlaps  the  cerebellar  plate.  About  this  time,  also,  the  dorsal  wall  shows  a 
median  fold  or  ridge.  Both  of  these  conditions  are  transitory.  As  the  corpora  quadri- 
gemina take  shape,  the  median  ridge  disappears  and  is  replaced  by  the  median  longitudinal 
groove,  which  separates  the  quadrigeminal  bodies.  Only  its  lower  part  is  retained,  and  this 
is  represented  by  the  frenulum  veli  of  the  adult  brain.  The  diverticulum  of  the  cavity 
gradually  becomes  reduced,  and  finally  disappears  as  the  aqueduct  assumes  form. 

FORE-BKAIN. 

Parts  derived  from  the  Diencephalon. 

Under  this  heading  we  have  to  consider :  (1)  the  thalamus ;  (2)  the  epithalamus, 
which  comprises  the  pineal  body  and  the  habenular  region ;  (3)  the  metathalamiu, 
or  the  corpora  geniculata  ;  and  (4)  the  hypothalamus. 

The  hypothalamus  consists  of  two  portions,  viz.  the  pars  mammillaris  hypothalami, 
which  comprises  the  corpus  mammillare  and  the  portion  of  the  central  gray  matter 
which  forms  the  floor  of  the  third  ventricle  in  its  immediate  vicinity ;  and  the  pare 
optica  hypothalami,  which  embraces  the  tuber  cinereum,  the  infundibulum,  the 
pituitary  body,  and  the  lamina  cinerea.  Strictly  speaking,  the  optic  part  of  the 
hypothalamus  does  not  belong  to  the  diencephalon,  but  it  is  convenient  to  study 
the  parts  which  it  represents  at  this  stage.  It  is  also  convenient  to  examine,  at 
the  same  time,  the  subthalamic  tegmental  region,  although  a  very  considerable  part  of 
this  is  apparently  developed  in  connexion  with  the  mesencephalon. 

The  original  cavity  of  that  part  of  the  brain-tube  which  forms  the  diencephalon 
is  represented  by  the  greater  part  of  the  third  ventricle  of  the  brain. 

Optic  Thalamus  (thalamus). — The  optic  thalamus  is  the  principal  object  in 
this  section  of  the  brain  (Fig.  438).  It  is  a  large  ovoid  mass  of  gray  matter,  which 
lies  obliquely  across  the  path  of  the  crus  cerebri  as  it  ascends  into  the  cerebrum. 
The  smaller  anterior  end  of  the  thalamus  lies  close  to  the  mesial  plane,  and  is  only 
separated  from  the  corresponding  part  of  the  opposite  side  by  a  very  narrow 
interval.  The  enlarged  posterior  ends  of  the  two  thalami  are  placed  more  widely 
apart,  and  in  the  interval  between  them  the  corpora  quadrigemina  are  situated, 
As  previously  stated,  the  crusta  of  the  crus  cerebri,  composed  of  corticifugal  fibres 
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gradually  mclioes  outwards  as  it  ie  traced  upwards,  and  thus  it  assumes  a  place  ou 
the  outer  aspect  of  the  optic  thalamus  and  passes  into  the  internal  capsule  of  the 
brain.  The  tegmental  part  of  the  crus,  on  the  other  hand,  comes  into  relation 
with  the  under  surface  of  the  thalamus,  and  forms  in  this  situation  the  anb- 
tliabunic  tegmental  r^on.  To  a  large  extent  the  longitudinal  fibres  of  the 
tegmentum  are  eorticipetal.  For  the  most  part  they  enter  the  thalamus,  and 
end  within  it  in  fine  arborisations  around  the  thalamic  cells. 

The  two  optic  thalami,  in  their  anterior  two-thirds,  lie  close  together  on  either 
side  of  a  deep  mesial  cleft,  which  receives  the  name  of  the  third  ventricle  of  the 
brain.     Each  thalamus  presents  an  anterior  and  a  posterior  extremity  and  four 
surfaces.      The 
inferior  and  ex- 
ternal  surfaces  pug 
are  in  apposition, 
and,  indeed,  di- 
rectly connected 
with    adjacent 

parts  of  the  brain,  '^"'° 

and  on   this  ac-  :i«» 

count  it  is  only 
possible  to  study 

ihem  by  means  of  Monro 

sections  through  nmiuim 

the  brain.      The  ""'" 

superior  and  in-  ,„un 

ternal   surfaces 
m-e  free.  >  nu 

The   external  ■"  ^inuiirta 

or  lateral  surface  TLooIk 

of  the  thalamus 
is  applied  to  a 
thick  layer  of 
white  matter  in-  ^ 
terposed  between  ^ 
it  and  the  lenti- 
cular nucleus, 
called  the  internal 
c^wnlfl,  and  com- 
posed of  fibres 
{>aasing  both  up- 
wards towards 

and     downwards  fw.  i38.— The  Two  Optic  Tralami  (m  seen  from  above). 

from  the  cerebral 

cortex.  A  large  proportion  of  these  fibres  descend  to  form  the  crusta  or  ventral 
part  of  the  cms  cerebri.  From  the  entire  extent  of  the  external  surface  of 
the  thalamus  large  numbers  of  fibres  stream  out  and  enter  the  internal  capsule, 
to  reach  the  cerebral  cortex;  over  the  same  area  other  fibres  which  arise  in  the  cortex 
of  the  cerebrum  enter  the  thalamus.  Both  of  these  sets  of  fibres  constitute  what  is 
termed  the  thalamic  radiation,  and  by  this  the  thalamus  establishes  a  double  con- 
nexion with  the  entire  extent  of  the  cerebral  cortex.  As  the  fibres  leave  and  enter 
the  thalamus  they  intersect  each  other  at  acute  angles,  and  over  the  whole  of  the 
external  surface  of  the  ganglionic  mass  they  form  a  very  distinct  reticulated  zone 
or  stratum,  which  is  termed  the  external  medullary  lamina. 

The  inferior  or  ventral  surface  of  the  thalamus  rests  chiefly  on  the  subthalamic 
tej^^ental  region  and  the  corpus  mammillare.  In  front,  however,  as  the  tegmental 
substance  gradually  disappears,  the  thalamus  comes  to  lie  over  the  outer  part  of  the 
tuber  cinereum.  From  the  subthalamic  region  many  fibres  enter  the  thalamus  on 
its  under  aspect,  whilst  other  fibres  leave  this  surface  of  the  thalamus  to  take  part 
in  the  thalamic  radiation. 
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The  superior  or  dorsal  surface  of  the  thalamus  is  free.  Externally  it  is  bounded 
by  a  groove,  which  traverses  the  floor  of  the  lateral  ventricle  of  the  brain  and 
intervenes  between  the  thalamus  and  the  caudate  nucleus.  In  this  groove  are 
placed  a  slender  band  of  longitudinal  fibres,  termed  the  taenia  semicularis,  and  in 
its  fore-part  the  vein  of  the  corpus  striatum.  Internally,  the  superior  surface  of 
the  thalamus  is  separated  from  the  internal  or  mesial  surface  in  its  anterior  half  by 
a  sharp  edge  or  prominent  ledge  of  the  ependyma  of  the  third  ventricle.  This  is 
termed  the  tania  thalami,  and  the  ridge  which  it  forms  is  accentuated  by  the  fact 
that,  subjacent  to  it,  there  lies  a  longitudinal  strand  of  fibres  called  the  stria 
medollariB.  When  these  two  structures,  viz.  the  ependymal  ridge  and  the  subjacent 
tract,  are  traced  backwards,  they  are  seen  to  turn  inwards  and  become  continuous 
with  the  stalk  or  peduncle  of  the  pineal  body.  Behind  the  portion  of  the  t^nia 
thalami  which  turns  inwards  towards  the  pineal  body  a  small  depressed  triangular 
area,  the  trigonmn  habenuls,  situated  in  front  of  the  superior  quadrigeminal  body, 
forms  a  very  definite  inner  boundary  for  the  hinder  part  of  the  superior  surface  of 
the  thalamus. 

The  superior  surface  of  the  thalamus  is  slightly  bulging  or  convex,  and  is  of  a 
whitish  colour,  owing  to  the  presence  of  a  thin  superficial  covering  of  nerve-fibres, 
termed  the  stratum  zonale.  It  is  divided  into  two  areas  by  a  faint  oblique  groove, 
which  begins  in  front  at  the  inner  border,  a  short  distance  behind  the  anterior 
extremity  of  the  thalamus,  and  extends  outwards  and  backwards  to  the  outer  part 
of  the  hinder  end.  This  groove  corresponds  to  the  outer  edge  of  the  fornix.  The 
two  areas  which  are  thus  mapped  out  are  very  diflFerently  related  to  the  ventricles 
of  the  brain,  and  also  to  the  parts  which  lie  above  the  thalamus.  The  outer  area, 
which  includes  the  anterior  extremity  of  the  thalamus,  forms  a  part  of  the  floor  of 
the  lateral  ventricle.  It  is  covered  with  ependyma,  overlapped  by  the  choroid 
plexus  of  this  ventricle,  and  lies  immediately  subjacent  to  the  corpus  callosum. 
Along  the  line  of  the  groove  the  epithelial  lining  of  the  lateral  ventricle  is  reflected 
over  the  choroid  plexus  of  this  cavity.  The  inner  area,  which  includes  the  hinder 
end  of  the  thalamus,  intervenes  between  the  lateral  and  third  ventricles  of  the 
brain,  and  takes  no  part  in  the  formation  of  the  walls  of  either.  It  is  covered  by  a 
fold  of  pia  mater,  termed  the  velum  interpositum,  above  which  is  the  fornix,  and 
these  two  structures  intervene  between  the  thalamus  and  the  corpus  callosain. 

The  anterior  extremity  of  the  thalamus,  called  the  anterior  tubercle  (tuberculum 
anterius  thalami),  forms  a  marked  bulging.  It  projects  into  the  lateral  ventricle, 
behind  and  to  the  outer  side  of  the  free  portion  of  the  anterior  pillar  of  the  fornix. 
The  foramen  of  Monro,  a  narrow  aperture  of  communication  between  the  lateral 
and  third  ventricles  of  the  brain,  is  bounded  in  front  by  the  anterior  pillar  of  the 
fornix  and  behind  by  the  anterior  tubercle  of  the  thalamus. 

The  posterior  extremity  of  the  thalamus  is  very  prominent  and  forms  a  cushion- 
like  projection,  which  overhangs  the  brachia  of  the  corpora  quadrigemina.  This 
prominence  is  called  the  pulvinar.  Another  oval  bulging  on  the  hinder  part  of  the 
thalamus  receives  the  name  of  the  corpus  geniculatum  externum.  It  is  situated 
below,  and  to  the  outer  side  of,  the  pulvinar,  and  presents  a  very  intimate  connexion 
with  the  optic  tract. 

The  mesial  surfaces  of  the  two  thalami  are  placed  close  together,  and  are 
covered  not  only  by  the  lining  ependyma  of  the  third  ventricle,  but  alao  by  a 
tolerably  thick  layer  of  gray  matter,  continuous  below  with  the  central  gray 
substance  which  surrounds  the  aqueduct  of  Sylvius  in  the  mesencephalon.  A  b&nd 
of  gray  matter,  termed  the  gray  or  soft  commissure  (commissura  mollis),  crosses  the 
third  ventricle  and  joins  the  inner  surfaces  of  the  two  thalami  together. 

Intimate  Structure  and  Connexions  of  the  Optio  ThalamiiB. — The  upper 
surface  of  the  thalamus  is  covered  by  the  stratum  sonale,  a  thin  coating  of  wlute 
fibres  derived  to  some  extent  from  the  optic  tract,  and  probably  also  from  the  optic 
radiation.  The  inner  surface  has  a  thick  coating  of  central  gray  matter,  whilst 
intervening  between  the  internal  capsule  and  the  outer  surface  is  the  lamina 
medullaris  externa.     The  lower  surface  merges  into  the  subthalamic  region. 

The  gray  matter  of  the  optic  thalamus  is  marked  ofi*  into  three  very  apparent 
parts — termed  the  anterior,  the  mesial,  and  the  lateral  thalamic  nuclei — by  a  thin 
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vertical  sheet  of  white  matter,  continuous  with  the  stratum  zonale,  termed  the 
lamina  mednllaris  interna.  The  lateral  nnclens  (nucleus  lateralis  thalami)  is  hy  far 
the  largest  of  the  three.  It  is  placed  between  the  internal  and  the  external 
medullary  laminae,  and  it  stretches  backwards  beyond  the  mesial  nucleus,  and  thus 
includes  the  whole  of  the  pulvinar  (Fig.  440).  The  mesial  nucleus  (nucleus  medialis 
thalami)  only  reaches  as  far  back  as  the  habenular  region.  It  is  placed  between 
the  central  gray  matter  of  the  third  ventricle  and  the  internal  medullary  lamina. 
The  lateral  nucleus  is  more  extensively  pervaded  by  fibres  than  the  mesial  nucleus. 
From  the  lateral  nucleus  by  far  the  greatest  number  of  the  fibres  which  form  the 
ladiatio  thalami  pass,  and  these  are  seen  crossing  it  in  various  directions  towards 
the  lamina  medullaris  externa.  The  anterior  nudeus  (nucleus  anterior  thalami)  is 
the  smallest  of  the  three  thalamic  nuclei.  It  forms  the  prominent  anterior  tubercle, 
and  is  prolonged  in  a  wedge-shaped  manner,  for  a  short  distance,  downwards  and 
backwards  between  the  anterior  parts  of  the  mesicd  and  lateral  nuclei.  The  internal 
medidlary  lamina  splits  into  two  parts  and  partially  encloses  the  anterior  nucleus. 
In  connexion  with  its  large  cells  a  very  conspicuous  bundle  of  fibres,  the  bundle 
of  Vicq  d'Azyr  (fasciculus  thalamo-mammillaris),  which  arises  in  the  corpus 
mamnullare,  comes  to  an  end. 

A  diffuse  gray  mass  imperfectly  marked  off  from  the  under  surface  of  the  lateral  nucleus 
receives  the  name  of  the  ventral  nucleus.  Its  lower  part  is  composed  of  the  central  nucleoB  of 
Lays  and  the  nucleus  arcnatos.  In  section  the  former  apx>ear8  as  a  circular  mass  of  gray  matter, 
which  comes  into  view  immediately  behind  the  point  where  the  internal  medullary  lamina 
disappeara  It  would  seem  to  be  intimately  connected  with  fibres  which  reach  it  from  the  red 
nucleus  and  from  the  posterior  commissiu^  These  fibres  pass  round  it  so  as  to  mark  it  off  from 
the  rest  of  the  thalamus,  and  in  front  of  the  nucleus  many  of  them  enter  the  internal  medullary 
lamina  The  nucleus  arcuatus  is  a  small  semilunar  mass  of  gray  matter  placed  below  and  to  the 
outer  side  of  the  central  nucleus  of  Luys. 

The  connexions  of  the  thalamus  are  of  an  extremely  intricate  kind.  It  would 
appear  to  be  a  ganglionic  mass  interposed  between  the  tegmental  corticipetal  tracts 
and  the  cerebral  cortex.  In  its  hinder  part,  and  through  its  stratum  zonale,  it  also 
has  important  connexions  with  the  optic  tract.  The  corticipetal  tegmental  tracts, 
which  enter  it  from  below,  will  be  noticed  in  connexion  with  the  subthalamic 
region.  Suffice  it  to  say,  for  the  present,  that  these  fibres  end  in  the  midst  of  the 
thalamus  in  connexion  with  the  thalamic  cells.  In  addition  to  these,  enormous 
numbers  of  fibres,  arising  within  the  thalamus  as  the  axons  of  its  cells,  stream  out 
from  its  outer  and  under  surfaces  to  form  the  thalamic  radiation.  These  thalamo- 
cortical fibres  pass  to  every  part  of  the  cortex ;  and  although  there  is  no  separation 
of  them  into  distinct  groups  as  they  leave  the  thalamus,  it  is  customary  to  regard 
them  as  constituting  a  frontal  stalk,  a  parietal  stalk,  an  occipital  stalk,  and  a 
ventral  stalk.  But  fibres  from  the  cortex,  cortico-thalamic  fibres,  likewise  stream 
into  the  thcdamus  in  large  numbers,  and  end  in  fine  arborisations  around  its  cella 
A  double  connexion  with  the  cerebral  cortex  is  thus  established  by  the  thalamus. 

The  frontal  stalk  of  the  thalamic  radiation  emerges  from  the  anterior  part  of  the  lateral 
surface  of  the  thalamus  and  passes  through  the  anterior  limb  of  the  internal  capsule,  to  reach  the 
i'ortex  of  the  frontal  lobe.  Many  of  these  tibres  end  in  the  caudate  and  lenticular  nuclei,  between 
which  they  proceed.  The  parietal  stalk  issues  fi-oni  the  lateral  surface  of  the  thalamus,  and, 
passing  through  the  internal  capsule  (and  to  some  extent,  also,  through  the  lenticular  nucleus 
and  the  external  capsule),  gains  the  cortex  of  the  hinder  part  of  the  frontal  lobe  and  of  the 
])arietal  lobe.  The  occipital  stalk  emerges  from  the  outer  aspect  of  the  pulvinar  and  constitutes 
the  i^Q-caMed  optic  radiation.  These  fibres  sweep  outwards  and  backwards  round  the  outer  side 
of  the  posterior  horn  of  the  lateral  ventricle  to  gain  the  cortex  of  the  occipital  lobe.  The 
ventral  stalk  streams  out  from  the  under  aspect  of  the  anterior  part  of  the  thalamus,  in  front 
of  the  subthalamic  tegmental  region  and  the  corpus  mammillare.  lU  fibres  arise  in  both  the 
mesial  and  lateral  nuclei,  and  sweep  downwards  and  outwards  to  reach  the  region  below  the 
lenticular  nucleua  One  very  distinct  band  which  lies  dorsal  to  the  other  fibres  (ansa  lenticu- 
lariti)  enters  the  lenticular  nucleus,  whilst  the  remainder  (ansa  peduncularis)  continue  in  an 
(•utwapd  direction  below  the  lenticular  nucleus  and  gain  the  cortex  of  the  temporal  lobe  and  of 
the  insula  or  island  of  Reil. 

Flechsig  divides  the  thalamo-cortical  fibres  of  ordinary  sensation  into  three  sensory  systems. 
These  be  has  been  able  to  distinguish  by  studying  the  order  in  which  they  assume  their  sheaths 
of  myelin  in  the  foetus  and  infant. 

Ferrier  and  Turner^  by  the  degenerative  method  of  investigation,  corroborate  Flechsig*s 
results.     They  confirm  the  observation  of  Flechsig  that,  while  thalamic  fibres  are  distributed  to 
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tlie  aeveiaJ  regions  of  the  cocebral  cortex  to  au  almost  equal  ezt«at,  then  is  one  district,  vii.  the 
Irontal  pole,  to  which  the  supply  is  scanty.  Another  very  importaut  result  Las  been  obtained 
by  tbeae  authore.  They  have  establbhed 
the  fact  that  many  of  the  tlialamic  fibrea 
cross  the  mesial  plane  in  the  corpus  cal- 
loeum,  and  thua  gain  the  cortex  of  the 
opposite  cerebral  hemisphere.  Hamilton'! 
crossed  calloaal  tract  tlms  receives  con- 
formation. 

bitiiu&ta  Btmctnie  of  the  Oorpns 
Genicnlatnm      Externum.  —  Sectiona 
through  the  exbernal  geniculate  Ixxly 
reveal  the  fact  that  it  is  composed  of 
a  aeries  of  alternately  pla«ed  gray  and 
white  curved  laminte.     This  gives  it 
a  very  characteristic  appearance.   The 
white  lamince  are  comptned  of  fibres 
which  enter  the  tx>dy  from  the  optic 
<T        tract  and  the  optic  radiation.    The 
leoDT    connexions  of  the  geniculate  bodies 
will    be    studied    with    the    optic 
tract 
lALOH         Subthalamic  Tegmental  Region. 
— The  t^mental  part  of  the  cruB  cere- 
bri is  prolonged  upwards  and  assmues 
a  position  below  the  hinder  part  of  the 
thalamua     The  red  noclens  is  a  cod- 
"^       spicuous  objectin  sections  through  the 
lowerpartof  this  region  (Fig,  440).  It 
presents  the  same  appearance  as  lower 
down    in    the    mesencephalon,  and. 
gradually  diminishing,  it  disappears 
before  the  level  of  the  corpus  niam- 
millare  is  reached.     Carried  up  around  it  are  the  same  longitudinal  tracts  of  fibn's 
which  have  be«i  studied  in  relation  to  it  in  the  tegmental  part  of  the  meaenceplialon. 
Certain  of  these  fibres,  placed  in  immediate  relation  to  the  red  nucleus,  form  a 
coating  or  capsule  for  it.     This  coating  is  partly  derived  from  those  fibres  of  the 
superior  cerebellar  peduncle  which  pass  directly  up  into  the  thalamus  and  also 
partly  from  fibres  which  issue  from  the   nucleus  itself.     The  mesial   flUet,  also. 
which  in  the  upper  part  of  the  mesencephalon  is  observed  to  take  up  a  position  on 
the  lateral  and  dorsal  aspect  of  the  red  nucleus,  maintains  a  similar  position  in  the 
subthalamic  region.     When  the  red  nucleus  comes  to  an  end  these  various  fibres 
are  continued  onwards  and  form,  in  the  position  previously  occupied  by  the  nuckus, 
a  very  evident  and  dense  mass  of  fibres.     The  fibres  of  the  mesial  fillet,  of  the 
superior  cerebellar  peduncle,  and  of  the  red  nucleus  are  prolonged  upwards  into  the 
ventral  part  of  the  thalamus,  where  they  end  in  connexion  with  the  thalamic  cell^- 
The  substantia  nigra  is  likewise  carried  into  the  subthalamic  region,  when*  ii 
maintains  its  original  position  on  the  dorsal  aspect  of  the  crusta  of  tbe  crus  cerebri. 
As  it  is  traced  upwards,  it  is  seen  to  gradually  diminish  in  amount.     It  shrinks 
from  within  outwards,  and  finally  disappears  when  the  hinder  part  of  the  corpus 
mammillare  is  reached. 

In  coronal  sections  through  the  subthalamic  region,  the  most  conspicuous  object 
which  comes  into  view  is  the  corpus  subthalamiciun  or  the  nnclens  of  Lays  (Fig.  440). 
It  is  a  small  mass  of  gray  matter,  shaped  like  a  biconvex  lens,  which  makes  its  appear- 
ance on  the  dorsal  aspect  of  the  crusta.  of  the  cms  cerebri  immediately  to  the  outer 
aide  of  the  substantia  nigra.  At  first  it  lies  in  an  angle,  which  is  formed  by  the 
meeting  of  the  crusta  and  tlie  internal  capsule ;  but,  rapidly  enlarging  in  an  inward 
direction,  it  takes  the  place  of  the  diminishing  substantia  nigra  on  the  dorsal 
surface  of  the  crusta  at  the  level  of  the  lower  part  of  the  corpus  mammillare.  The 
corpus  eubthalamicum  is  rendered  all   the  more  evident  by  the  fact  that  it  is 
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aharply  defiBed  by  s  thin  capeule  of  white  fibres.     On  its  mesial  aspect  these  Sbree 

proceed  inwards  and  form  a  very  evident  decussation  across  the  middle  line  in  the 

floor  of  the  third 

ventricle,  immed-  ""^^^^ 

lately    above    the 

hinder  ends  of  the 

corpora   mammil- 

laria. 

The     corpus       "  ch. 
subthalamicuro,in    aut^ 
the    freeh    condi- 
tion,   presents    a    ^^ud•l* 

brownish     colour,  e 

partly  from  the  corpmf 
fact  that  its  cell^ 
arepigmeuted.aQd  Anwnor 
partly  also  on  sin^ull 
account  of  the 
numerous capil-  inM™i 
lary  blood-vessels  "'" 
which  pervade  its  ^^^j^f, 
substance. 

Pineal    Body       r«< 
(forpua     pineale).    Nnevoi 
— This  is  a  small, 
dark,  reddish  body , 
about  the  size  of  a      '=""" 
cherry-atone   and 
abitped   after   the 
fashion    of   a    fir- 
cone.    Placed  be- 
tween the  hinder      P'«-  <*o.— cohonal  s 
ends  of   the    two 

tlialami,  it  occupies  the  depression  on  the  dorsal  aspect  of  the  mesencephalon, 
which  intervenes  between  the  two  superior  quadrigemiual  bodies.  Its  base,  which 
i-s  directed  upwards,  is  attached  by  a  hollow  stalk  or  peduncle.  This  stalk  is 
separated  into  a  dorsal  and  a  ventral  part  by  the  prolongation  backwards  into  it 
of  a  small  pointed  recess  of  the  cavity  of  the  third  ventricle.  The  dorsal  part  of 
the  stalk  corves  outwards  and  forwards,  and  on  each  optic  thalamus  becomes 
continuous  with  the  tirnia  thalami  and  the  subjacent  stria  medullaris;  the 
ventral  part  is  folded  round  a  narrow  but  conspicuous  cord-like  band  of  white 
matter,  which  crosses  the  mesial  plane  immediately  above  the  haae  of  the  pineal  body 
and  receives  the  name  of  the  posterior  commiBSure  of  the  cerebrum  (Fig.  438,  p.  543). 

The  pineaJ  body  is  not  compOHed  of  nervous  elements.  The  only  nerve»  in  its  midst  are  the 
sympathetic  Blamenta  which  enter  it,  with  ita  blood- vesbels.  It  in  composed  of  spherical  and 
liibular  foUicleB,  filled  with  epithelial  eelk,  and  containing  a  variable  amount  of  gritty,  calcareous 

The  pineal  body  ie  a  rudimentary  structure,  but  in  certain  vertebrates  it  attains  a  much 
higher  degree  of  development  than  in  man.  In  the  lizard,  blind-wonu,  ett,  it  ia  present  in  the 
form  of  the  so-called  pineal  eye.  In  structure  it  resembles,  in  these  animals,  an  invertt^brale  eye, 
,_j  ;. ^  ](j^g  Btalk,  in  wliich  nerve-fibrea  are  developed.     Furtlier,  it  is  carried  throuKh 


an  aperture  in  the  cranial  wall,  and  consequently  lies  cloee  to  the  surface  on  the  dorsum  of  the 
bead  between  the  parietal  bones. 

Triffontun  Habennlse.— The  small,  triaDgular,  depressed  area  which  receives  this 
name  is  placed  immediately  in  front  of  the  superior  qiiadrigeniinal  body  in  the 
interval  between  the  peduncle  of  the  piueal  body  and  the  hinder  end  of  the  thalamus 
(Fig.  438,  p.  543).  It  marks  the  poBition  of  an  important  collection  of  nerve-cells, 
which  constitute  the  gangUon  habennln.  The  axons  of  tliese  cells  are  collected  on 
the  ventral  aspect  of  the  ganglion  into  a  bundle,  called  the  fasciculus  retroilexus, 
which  takes  a  curved  course  downwards  and  forwards  in  the  tegmentum  of  the 
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mesencephalon.  The  fasciculus  retroflexus  lies  close  to  the  inner  side  of  the 
red  nucleus,  and  finally  comes  to  an  end  in  a  group  of  cells  termed  the  ganglion 
interpedunculare,  situated  in  the  lower  part  of  the  locus  perforatus  posticus 
(see  p.  639). 

The  ganglion  habenulie  is  likewise  intimately  connected  with  the  stria  medul- 
laris  and  the  dorsal  part  of  the  stalk  of  the  pineal  body. 

As  previously  stated,  the  stria  medoIlariB — ^a  very  evident  band  of  white 
matter — lies  on  the  optic  thalamus,  subjacent  to  the-  ependymal  ridge  termed  the 
taenia  thalami.  When  traced  backwards,  many  of  the  fibres  of  the  stria  meduHaris 
are  observed  to  end  amongst  the  cells  of  the  ganglion  habenulae,  whilst  others  an? 
continued  past  the  ganglion  to  enter  the  peduncle  of  the  pineal  body,  and,  throut^h 
it,  to  reach  the  ganglion  habenulse  of  the  opposite  side,  in  connexion  with  the  cells 
of  which  they  terminate.  The  stria  meduUaris,  therefore,  ends  partly  in  the 
ganglion  habenulse  of  its  own  side  and  partly  in  the  corresponding  ganglion  of  the 
opposite  side.  The  decussation  of  fibres  across  the  middle  line  forms  the  dorsal 
part  of  the  pineal  stalk  or  peduncle,  and  is  frequently  termed  the  commissnra 
habenularum. 

When  the  stria  meduUaris  is  traced  in  the  opposite  direction,  it  is  noticed  to 
split  into  a  dorsal  and  ventral  part  near  the  anterior  pillar  of  the  fornix.  The 
dorsal  part  turns  abruptly  upwards,  and,  joining  the  fornix,  is  carried  in  it  to  the 
hippocampus  major  or  cornu  ammonis  from  cells  in  which  its  fibres  take  origin. 
The  ventral  part  turns  downwards  and  appears  to  spring  from  a  collection  of  cells 
in  the  gray  matter  on  the  base  of  the  brain  close  to  the  optic  chiasma.  The  stria 
meduUaris  is  believed  to  form  a  part  of  the  olfactory  apparatus. 

Oommissura  Posterior. — The  posterior  commissure  is  a  slender  band  of  white 
matter,  which  crosses  the  middle  Une  under  cover  of  the  stalk  of  the  pineal  body 
and  overUes  the  entrance  of  the  aqueduct  of  Sylvius  into  the  third  ventricle.  The 
fibres  which  enter  into  the  formation  of  the  posterior  conunissure  are  beUeved  to 
arise  in  a  special  nucleus,  which  is  placed  in  the  central  gray  matter  immediately 
above  the  oculo-motor  nucleus.  They  decussate  with  each  other  across  the  mesial 
plane  and  thus  the  commissure  is  formed.  The  other  connexions  of  this  little 
band  are  not  satisfactorily  established,  but  Held  believes  that  some  of  its  ventral 
fibres  pass  downwards  into  the  posterior  longitudinal  bundle. 

Locus  Perforatus  Posticus  (substantia  perforata  posterior). — This  has  already 
been  described  on  p.  475.  Some  delicate  bands  of  white  matter,  termed  the  tani* 
pontis,  may  frequently  be  seen  emerging  from  the  gray  matter  of  this  region ;  they 
then  curve  round  the  crura  cerebri  in  close  relation  to  the  upper  border  of  the 
pons,  into  which  they  ultimately  sink  (Fig.  390,  p.  484). 

Corpora  Mammillaria. — The  corpora  mammillaria  are  two  round  whit-e  bodies, 
each  about  the  size  of  a  pea,  which  Ue  side  by  side  in  the  interpeduncular  space  ou 
the  base  of  the  brain,  immediately  in  front  of  the  locus  perforatus  posticus. 

Each  corpus  mammiUare  is  coated  on  the  outside  by  white  matter  derived 
from  the  anterior  pillar  of  the  fornix,  and  contains,  in  its  interior,  a  composite  gray 
nucleus  with  numerous  nerve-cells.  Several  important  strands  of  fibres  are  con- 
nected with  the  corpus  mammiUare :  (1)  The  ftnterior  pillar  of  the  fornix  cunes 
downwards  in  the  lateral  wall  of  the  third  ventricle  to  reach  the  corpus  mammiUare. 
and  its  fibres  end  amidst  the  cells  of  that  body.  (2)  A  bundle  of  fibres,  called 
the  bundle  of  Vicq  d'Azyr,  which  at  first  sight  appears  to  be  continuous  with  the 
anterior  pillar  of  the  fornix,  takes  origin  in  its  midst  and  extends  upwards  into 
the  optic  thalamus,  to  end  in  fine  arborisations  around  the  large  cells  in  the  anterior 
thalamic  nucleus.  (3)  Another  bundle  of  fibres,  the  pednncolns  corporis  mammiUaris, 
takes  form  within  the  corpus  mammiUare  and  extends  downwards  in  the  gray 
matter  of  the  floor  of  the  third  ventricle,  to  reach  the  tegmentum  of  the  mesen- 
cephalon.    The  ultimate  destination  of  these  fibres  is  doubtfuL 

Tuber  Oinereum  and  Inftindibulum. — The  tuber  cinereum  is  a  small,  slightly 
prominent  field  of  gray  matter,  which  occupies  the  anterior  part  of  the  inter- 
peduncular space  between  the  corpora  mammiUaria  behind  and  the  optic  chiasma 
in  front.  From  its  fore-part  the  inAmdibulum,  or  stalk  of  the  pituitary  body, 
projects  downwards  and.  connects  that  body  with  the  base  of  the  brain.     In  it.^ 
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upper  part  the  infundibulum  ie  hollow,  a  small,  fiiDnel-shaped  diverticulum  of  the 
cavity  of  the  third  veutricle  being  prolonged  downwards  into  it. 

ntoitary  Body  (hypophysis). 
—This  is  a  small  oval  structure, 
flattened  from  above  downwards, 
SDii  with  its  long  axis  directed 
transversely,  which  occupies  the  *'''" 
pituitary  foesa  in  the  floor  of  the  ' 

crauium.     It  is  composed  of  two 
lobes — a  large  anterior  lobe  and  a 
smaller  posterior  lobe,  which   are        '™" 
el'isely  applied  the  one  to  the  other.        °p" 
The  infundibulum,  which  extends      '"'""■' 
downwards   from   the   tuber  cin-     puniiin 
ereum,  is  attached  to  the  posterior 
lobe. 

The  infundibulum  and  posterior 
lobe  of  the  pituitary  body  are  de- 
veloped in  the  form  of  a  Lotlow  diver- 
ticulum, which  grows  downwards  from 
the  floor  of  that  part  of  the  embryonic 

brain  which  afterwards  forms  the  ,„  thi.«.ticn,  «  well  «  inlha  action  figure.!  i«  rig.  «2,  the 
ttiirti  ventncle.  Ihe  onginal  cavity  infumlibolnm  hm  tbe  appeirance  of  being  Mtoohed  to  tbs 
oF  this  diverticulum  becomes  obliter'  anterior  lobe  This  ia  due  to  the  way  in  which  the  largsr 
attd,  except  in  the  upper  part  of  the  aiiteriot  lobe  grows  h«ckiir»niB  so  m  lo  embrBce  the  Bmaller 
infundibulum.  In  structure,  the  poa-  r?,""^?  'f,^>..  '^'  "tt*' *»•"/»  "'f^  «commod.ted  in  ■ 
.  ■  1  If!  '".'"';'"-'"'"^'  """  (™°  hollow  in  the  hinder  aapeet  ar  the  anterior  lobe. 
tenor  lobe  of  the  pituitary  body  snows  __        .  .        .  .    _..       _     ,  _, 

.....      .  ,    -  .  V  ^^J  "'*""=  From  •  photogreph  by  Prateuoc  aymlngtoD. 

little  trace    of   its   ongin    from    the 

wall  of  the  brain-tube.     It  is  chiefly  composed  of  connective  tissue  and  blood-vessels,  with 

branched  cells  scattered  throughout  it. 

The  anterior  lobe  has  quite  a  different  origin,  and  may  be  regarded  as  the  functional 
part  of  the  pituitary  body.  It  ia  de- 
rived from  a  tubular  diverticulum, 
which  grows  upwards  from  the  primi- 
tive buccal  cavity  or  stomodscum.  Its 
connexion    with    the    latter    (canalis 

lonrti     cranio-phoryngeus)  is  in  the  course  of 
time  cut  olf,  and  the  diverticulum  be- 

"  cornea  encased  within  the  cranial  cavity 

in  intimate  association  with  thecerebral 

niiiart    portion  of  the  oi^n.     Structurally,  it 
conaiats  of  tubules  or  alveoli,  lined  by 

siiii      epithelial    cells   and    surrounded    by 

,  capillary  vessels.     Its  structure  is  in 

some  respects  not  unlike  that  of  the 

y  parathyroid  bodies.      In  giants,  and  in 

cases  of  acromegaly,  the  pituitary  body 

I,  is  usually  greatly  enlai^ed. 

Lamina   Cinerea. — This   is  a 
thin,  delicate  lamina  which  may  be 

seen  on  the  basal  aspect  of  the 
brain,  stretching  from  the  upper 
aspect  of  the  optic  chiaema  in  an 
upward  direction  to  become  con- 
PrruiTABT  Bkqios  nected   with   the   rostrum   of  the 

IK    THE    ADULT.  COrpUS   CallOSUm. 

Anterior  Oommisflure  of  the  Oerebnun. — In  the  anterior  part  of  the  cleft, 
lietween  the  two  optic  thalami  and  immediately  in  front  of  the  anterior  pillars  of 
the  fornix,  a  round  bundle  of  fibres  crosses  the  mesial  plane.  This  is  the  anterior 
coiumiaauie.     It  is  much  lai^er  than  the  posterior  commissure. 
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Third  Tentricle  (ventriculus  tertius).  —  This  is  the  narrow  cleft  which 
separates  the  two  optic  thalami.  Its  depth  rapidly  iocreases  from  behind  for- 
wards, and  it  may  he  said  to  extend  from  the  pineal  body  behind  to  the  lamiiu 
cinerea  in  front.  Its  floor  is  formed  by  the  structures  already  studied  within 
the  area  of  the  interpeduncular  space  on  the  base  of  the  brain,  riz.  the  tuber 
oinereum,  the  corpora  mammillaria,  the  gray  matter  of  the  locus  perforatus  posticus, 
and  also  to  some  extent  behind  this  by  the  tegmenta  of  the  crura  cerebri.  It  is 
interesting  to  note  that  the  oentral  gray  matter  which  surrounds  the  Sylvian 
aqueduct  is  directly  continuous  with  the  gray  matter  of  the  locus  perforatus  posli- 
cus  and  tuber  cinereum,  and  in  this  way  it  comes  to  the  surface  in  the  base  of  the 
bruin.  The  optic  chiasma  crosses  the  floor  in  front  and  marks  the  place  where  the 
latter  becomes  continuous  with  the  anterior  wall  of  the  cavity.  The  front  wall  of 
the  third  veatricle  is  formed  by  the  lamina  cinerea,  which  extends  upwards  from 
the  optic  chiasma.  The  anterior  commissure,  as  it  crosses  from  one  side  to  the  other, 
projects  into  the  ventricle,  but  of  course  it  ia  excluded  from  the  cavity  by  the 
ventricular  epithelial  lining.  It  may  be  taken  as  indicating  the  place  where  the 
roof  joins  the  anterior  wall.  The  roof  of  the  third  ventricle  is  formed  by  a  thin 
epithelial  layer,  continuous  with  the  thin  epithelial  lining  of  the  cavity,  which 
stretches  across  the  mesial  plane  from  one  tEenia  thalami  to  the  other.  Applied 
to  the  upper  surface  of  the  epithelia!  roof  is  the  fold  of  pia  mater,  termed  the  velum 
interpositum,  and  the  roof  is  invaginated  into  the  cavity  along  its  whole  length  bf 
two  delicate  choroid  plexuses,  which  hang  down  from  the  under  surface  of  this 
fold.  When  the  velum  interpositum  is  removed  the  thin  epithelial  roof  is  torn 
away  with  it,  leaving  only  the  lines  of  attachment  in  the  shape  of  the  taenia 
thalamL 

The  lateral  wall  of  the  third  ventricle  is  formed  for  the  greater  part  of  its 
extent  by  the  inner  surface  of  the  optic  thalamus,  covered  by  a  thick  layer  of  i 


niruuiim  {j|,„n,y  plena  In  ventrlclp  IV. 

Fio.  443.— MiMiAL  Section  thbocoii  tub  Cukfos  Callobuu,  Diencei'Ualon,  ktc. 

ShoWB  tlifl  third  anil  fourtb  venlriclos  coniiectrd  by  the  aqueduct  ot  SjIyIub. 

central  gray  matter  continuous  with  the  Sylvian  gray  matter  of  the  mesencephrth-:: 
A  little  in  front  of  the  middle  of  the  ventricle  the  cavity  is  crossed  by  the  midd]« 
or  soft  commissure,  which  connects  the  thalami  with  each  other,  and  in  front  of  th;* 
the  anterior  pillar  of  the  fornix  is  seen  curving  downwards  and  backwards  in  l!"' 
lateral  wall.  At  first  the  bulging  which  it  forms  is  distinctly  prominent,  but  i' 
gradually  subsides  as  the  strand,  on  its  way  to  end  in  the  corpus  mamniillari-. 
becomes  more  and  more  sunk  in  the  gray  matter  on  the  side  of  the  ventricle. 
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The  third  ventricle  contmuDicates  with  both  of  the  lateral  ventriclea,  and  also 
with  the  fourth  ventricle.  The  aquednct  of  SylvioB,  the  narrow  channel  which 
tunnels  the  mesencephalon,  brings  it  into  communication  with  the  fourth  ventricle. 
The  opening  of  this  aqueduct  is  plac«d  at  the  posterior  part  of  the  floor  of  the  third 
ventricle,  immediaiel}'  below  the  posterior  commissure.      The  foramina  of  Monro 


Fio.  441.— Puoriui  View  or  a  Cist  of  the  Vehtuicles  of  the  Bhain  (from  R«U1iib). 
Et-SP.  K«cca«iu  lupnpine&lis.  A.S.  Aqueduct  ot  Syliiua, 

R.P.    RecfasUB  pluealig.  P.M.  Forsmen  of  Monro. 

bring  it  into  communication  with  the  lateral  ventricles.  These  apertures  are 
placed  at  the  upper  and  fore  parts  of  the  lateral  walla,  and  lead  outwards  and 
slightly  upwards  between  the  most  prominent  parts  of  the  anterior  pillars  of  the 
fornix  and  the  anterior  tubercles  of  the  optic  thalanii.  They  are  just  large  enough 
to  admit  a  crow-quill,  and  through  these  passages  the  epithelial  lining  of  the  three 
ventricles  becomes  continuous.  From  the  foramen  of  Monro  a  distinct  groove  on 
the  lateral  wall  of  the  ventricle  leads  backwards  towards  the  mouth  of  the  Sylvian 
aqueduct.  It  is  termed  the  snlcua  of  Uonro,  and  is  of  interest,  inasmuch  as  it  is 
considered  by  His  to  represent  in  the  adult  brain  the  furrow  which  divides  the 
lateral  wall  of  the  embryonic  brain-tube  into  an  alar  and  a  basal  lamina. 

Tbe  outline  of  the  third  ventricle,  when  viewed  from  the  Bide  in  a  mesial  section 
through  the  brain,  or  as  it  is  exhibited  in  a  plaster  cast  of  the  ventricular  system  of  the 
brain,  is  seen  to  be  very  irregular  (Fig  444).  It  presents  several  diverticula  or  recesses. 
Thus,  in  the  fore-part  of  the  floor  there  is  a  funuel-ahaped  pit  or  recesH,  leading  down 
through  the  tuber  cinereum  into  the  infiinUibulum  of  tbe  pituitary  body.  Another  recesa, 
the  rteetnu  opticus,  leads  forwards  immediately  in  front  of  this,  above  the  optic  chiasma. 
Posteriorly  two  diverticula  are  present.  One,  the  recMswt  pimalis,  paases  backwards 
above  tbe  posterior  commissure  and  the  mouth  of  the  Sylvian  aqueduct  for  a  short 
distance  into  the  stalk  of  the  pineal  body.  Tlie  second  is  placed  above  this  and  is  carried 
backwards  for  a  greater  distance.  It  is  a  diverticulum  of  the  epithelial  roof,  and,  there- 
fore, is  difBcult  to  demonstrate.     It  is  termed  the  recesaus  suprajnneaiU 

Cbkbbbal  Connexions  of  the  Optic  Tract. 

One  nerve,  the  optic  nerve  or  the  nerve  of  sight,  is  connected  with  this  section 
of  the  brain.  At  the  optic  cbiasma  the  optic  nerves  of  the  two  sides  are  joined 
together  and  a  partial  decussation  of  fibres  takes  place.  The  fibres  which  arise  in 
the  mesial  half  of  each  retina  cross  tlie  mesial  plane  and  join  the  optic  tract  of  the 
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opposite  aide.  The  optic  tract  proceede  backwards  rouod  the  crus  cerebri,  and  in 
the  neighbourhood  of  the  corpora  geniculate  divides  into  two  roots,  viz.  a  lateral 
and  a  mesial  (p.  532). 

Meeial  Root  of  the  Optia  Traot — Commisaure  of  Qudden. — The  mesial  root 
of  the  optic  tract  disappears  under  cover  of  the  corpus  geniculatum  internum  and  a 
large  proportion  of  its  tibres  arise  or  end  in  this  nuclear  body.  As  to  the  connexionB 
of  the  other  fibres,  we  possess  at  present  no  precise  information.  The  mesial 
root,  although  it  is  composed  of  fibres  which  run  in  the  optic  tract,  has  absolutely 
nothing  to  do  with  the  optic  nerve.  These  fibres,  when  traced  forwards,  cross  the 
mesial  plane  iu  the  posterior  angle  of  the  optic  cbiasma  and  are  carried  backwards 
in  the  opposite  optic  tract,  to  form  on  that  side  its  mesial  root.  The  fibres,  there- 
fore, are  commissural,  and  constitute  a  bond  of  union,  called  the  commimm  of 
Gndden,  between  the  internal  geniculate  bodies. 

Lateral  Boot  of  the  Optic  Tract. — The  lateral  or  true  visual  root  of  the 
optic  tract  is  composed  of  fibres  which  come — (1)  from  the  lateral  half  of  the  retina 
of  its  own  side ;  and  (2)  from  the  mesial  half  of  the  retina  of  the  opposite  side,  and 
which  have  crossed  the  mesial  plane  in  the  optic  cbiasma.  But  in  addition  to  the 
afferent  retinal  fibres  there  are  a  certain  number  of  efferent  fibres  in  the  optic 
tract,  fibres  which  take  their  origin  in  the  brain  and  end  in  the  retina.  These  are 
distinguished  from  the  afferent  retinal  fibres  by  their  exceeding  fiueness. 

The  fibres  of  the  lateral  root  of  the  optic  tract  end  in  the  superior  quadrigeminal 
body,  in  the  external  geniculate  body,  and  in  the  pulvinar  of  the  optic  thalamus. 
The  fibres  to  the  superior  imadrigeiniiial  bod7  reach  it  through  the  superior  brachium 
(p.  435),  and  for  the  most  part  spread  out 
on  its  surface  in  the  stratum  zonale  before 
they  sink  into  its  substance,  to  end  in 
terminal  arborisations  around  it«cella  The 
coipiu  genicnlatnm  extamnm  receives  the 
largest  contribution  of  fibres  from  the 
lateral  root  of  tlie  optic  tract.  These  partly 
sink  into  its  interior  and  partly  spread  out 
over  its  surface.  The  former  enter  into 
the  construction  of  the  curved  lamellx 
of  white  matter  which  traverse  this  nuclear 
mass,  and  to  a  large  extent  end  in  the 
gray  matter  which  intervenes  between 
these  lamellae.  The  deep  fibres  which  an* 
not  exhausted  in  this  way  proceed  onwanls 
through  the  external  geniculate  body  and 
enter  the  pulvinar.  Of  the  superficial  fibres 
which  spread  over  tbesurfaceof  the  external 
geniculate  body  some  dip  into  its  substance 
and  end  there,  but  the  majority  are  carried 
over  it  and  enter  the  stratum  zonale  of 
the  pulvinar.  The  fibres  of  the  lateral 
root  of  the  optic  tract,  which  end  in  the 
pulvinar,  therefore  reach  their  destination 
by  passing  either  over  or  through  the 
external  geniculate  body. 

Cortical   Connexions   of   the  Optic 
Nerve.— The  superior  quadrigeminal  bodv, 
the  external  geniculate  body,  and  the  pul- 
vinar constitute  the  lower  visual  centres 
Pia.  445.-D1AQIUII  OF  TH>  C.STRAL  coNNK-    Of    tcmiinal   nuclcl   of    the    visual    part 
IONS  OP  THE  Ofho  nervb  iSD  opTio  TBiCT.       of    the   optlc   tract.     The    higher    visual 
centre    is  placed    in    the   cortex   of    the 
occipital  lobe  of  the  cerebral  hemisphere,  and  the  connexions  between  this  and 
the  lower  centres  are  established  by  a  large  strand  of  fibres  which  runs  in  the 
central  white  matter  of  the  hinder  part  of  the  cerebral  hemisphere,  and   whicli 
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constitutes  the  optic  radiation.  The  optic  radiation  is  composed  both  of  corticipetal 
and  corticifugal  fibres.  The  former  arise  as  the  axons  of  the  cells  in  the  external 
geniculate  body  and  the  pulvinar,  around  which  the  retinal  fibres  end,  and  they 
terminate  in  the  cortex  of  the  occipital  lobe.  The  corticifugal  fibres  take  origin 
in  the  cortex  of  the  occipital  lobe  and  end  in  the  pulvinar  and  superior  quadri- 
geminal  body  (Ferrier  and  Turner).  Thus  constituted,  the  optic  radiation  forms 
a  conspicuous  strand  (Figs.  462,  p.  576 ;  465,  p.  579 ;  473,  p.  592),  which,  reaching 
the  retrolenticular  part  of  the  internal  capsule,  sweeps  backwards  into  the  occipital 
lobe  of  the  cerebral  hemisphere  on  the  outer  side  of  the  posterior  horn  of  the 
lateral  ventricle.     Its  connexions  will  be  studied  more  fully  at  a  later  stage. 

Flechsig  does  not  believe  that  the  pulvinar  is  an  internode  interposed  in  the  path  of  the  optic 
nerve  as  it  proceeds  towards  the  visual  area  of  the  cerebral  cortex.  He  states  that  he  has  not 
heen  able  to  convince  himself  that  any  fibres  of  the  optic  tract  end  in  the  optic  thalamus. 

Otiier  Connexions  of  the  Lower  Group  of  Visual  Centrea — (1)  The  nuclei  of  the  nerves 
which  supply  the  muscles  which  move  the  eyeball  would  appear  to  stand  in  intimate  connexion 
with  the  lower  group  of  visnal  centres.  Most  probably  this  connexion  is  established  through 
the  posterior  longitudinal  bundle.  As  previously  stated,  Held  beheves  that  axons  of  certain  of 
the  ceUs  of  the  superior  quadrigeminal  body  enter  this  tract  (2)  Through  the  mesial  fillet,  the 
superior  quadrigeminal  body  is  connected  with  the  medulla  and  cord. 

THE   PARTS  DERIVED   FROM   THE  TELENCEPHALON. 

Cerebral  Hemispheres. 

The  cerebral  hemispheres  form  the  largest  part  of  the  fully-developed  brain. 
When  viewed  from  above  they  form  an  ovoid  mass,  the  broadest  end  of  which  is 
directed  backwards,  and  the  longest  transverse  diameter  of  which  will  be  found  in 
the  vicinity  of  the  parts  which  lie  subjacent  to  the  parietal  eminences  of  the 
cranium.  The  massive  rounded  character  of  the  anterior  or  frontal  end  of  each 
cerebral  hemisphere  constitutes  a  leading  human  characteristic ;  but  the  hinder  or 
occipital  end  is  narrow  and  pointed,  and  is  directed  somewhat  downwards.  The 
two  cerebral  hemispheres  are  separated  from  each  other  by  a  deep  mesial  cleft, 
termed  the  great  longitudinal  fissure. 

Great  Longitndiiial  Fissure  (fissura  longitudinalis  cerebri). — In  front  smd 
behind  the  great  longitudinal  fissure  passes  from  the  dorsal  to  the  ventral  aspect  of 
the  cerebral  hemispheres,  so  as  to  separate  them  completely  from  each  other.  In 
its  middle  part,  however,  the  fissure  is  interrupted  and  floored  by  the  corpus 
callosum,  a  white  commissural  band,  which  passes  between  the  hemispheres  and 
connects  them  together.  The  upper  surface  of  the  corpus  callosum  can  be 
displayed  by  gently  drawing  asunder  the  contiguous  mesial  surfaces  of  the 
cerebral  hemispheres.  The  great  longitudinal  fissure  is  occupied  by  a  mesial 
fold  of  dura  mater,  termed  the  falx  cerebri,  which  partially  subdivides  the  part 
of  the  cranial  cavity  allotted  to  the  cerebrum  into  a  right  and  left  chamber. 

External  Confirmation  of  each  Oerebral  Hemisphere. — Each  cerebral  hemi- 
sphere presents  an  external,  an  internal,  and  an  inferior  surface.  The  external 
surface  is  convex  and  is  adapted  accurately  to  the  deep  surface  of  the  cranial 
vault.  The  irUernal  or  mesial  surface  is  flat  and  perpendicular,  and  bounds  the 
great  longitudinal  fissure.  In  great  part  it  is  in  contact  with  the  falx  cerebri ;  and 
where  that  partition  is  deficient,  it  is  applied  to  the  corresponding  portion  of  the 
internal  surface  of  the  opposite  hemisphere.  The  inferior  surface  is  irregular  and 
is  adapted  to  the  anterioi:  and  middle  cranial  fossae  of  the  cranial  floor  and,  behind 
these,  to  the  upper  surface  of  the  tentorium  cerebelli.  Traversing  this  surface  in  a 
transverse  direction,  nearer  the  anterior  end  of  the  hemisphere  than  the  posterior 
end,  is  the  stem  of  the  Sylvian  fissure.  This  deep  cleft  divides  the  inferior  surface 
into  an  anterior  or  orbited  area,  which  rests  on  the  orbital  plate  of  the  frontal  bone, 
and  is  consequently  concave  from  side  to  side,  and  a  more  extensive  posterior  or 
tentorial  area,  which  lies  on  the  floor  of  the  lateral  part  of  the  middle  cranial  fossa 
and  upon  the  upper  surface  of  the  tentorium  cerebelli.  This  surface  is  arched 
from  before  backwards,  and  looks  inwards  as  well  as  downwards.  In  its  hinder 
two-thirds  it  lies  above  the  cerebellum,  from  which  it  is  separated  by  the  tentorium 
cerebelli. 
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The  borders  which  intervene  between  these  surfaces  are  the  supero-mesial,  the 
superciliary,  the  infero-lateral,  and  the  internal  occipital.  The  supero-mesial 
border,  convex  from  before  backwards,  intervenes  between  the  convex  external 
surface  and  the  flat  internal  surface  of  the  hemisphere.  The  superciliary  border  is 
highly  arched  and  separates  the  orbital  surface  from  the  external  surface.  The 
ir^ero-lateral  border  marks  off  the  tentorial  surface  from  the  external  surface.  The 
internal  occipital  border  can  only  be  seen  in  cases  where  the  brain  has  been  hardened 
in  situ  and  faithfully  retains  the  natural  form.  It  extends  from  the  posterior  end 
of  the  hemisphere  towards  the  hinder  extremity  of  the  corpus  callosum,  and  inter- 
venes between  the  mesial  and  tentorial  surfaces.  It  is  the  border  which  Ues  along 
the  straight  blood  sinus,  and  it  therefore  occupies  the  angle  which  is  formed  by  the 
attachment  of  the  posterior  part  of  the  falx  cerebri  to  the  upper  surface  of  the 
tentorium  cerebelli. 

The  most  projecting  part  of  the  anterior  end  of  the  cerebral  hemisphere  is  called 
the  frontal  pole,  whilst  the  most  projecting  part  of  the  hinder  end  is  termed  the 
occipital  pole.  On  the  under  surface  of  the  hemisphere  the  prominent  point  of 
cerebral  substance  which  extends  forwards  below  the  Sylvian  fissure  receives  the 
name  of  the  temporal  pole.  In  a  well-hardened  brain  a  broad  groove  is  usually 
present  on  the  inner  and  lower  aspect  of  the  occipital  pole  of  the  right  hemisphere. 
This  corresponds  to  the  commencement  of  the  right  lateral  venous  sinus.  A  less 
distinct  groove  on  the  occipital  pole  of  the  left  hemisphere  frequently  indicates  the 
commencement  of  the  left  lateral  sinus.  On  the  tentorial  surface,  a  short  distance 
behind  the  temporal  pole,  a  well-marked  depression  is  always  visible.  This  corre- 
sponds to  the  elevation  on  the  anterior  surface  of  the  petrous  portion  of  the 
temporal  bone  over  the  superior  semicircular  canal. 

Oerebral  Oyri  and  Sulci. — The  surface  of  the  cerebral  hemispheres  is  rendered 
highly  irregular  by  the  presence  of  convolutions  or  gyri,  separated  from  each  other 
by  intervening  furrows  of  very  varying  depth,  termed  sulci  or  fissures.  The  surface 
pattern  which  is  presented  by  these  gyri  and  sulci  is,  in  its  general  features,  the 
same  in  all  normal  human  brains ;  but  when  the  comparison  is  pushed  into  detail 
many  differences  become  manifest,  not  only  in  the  brains  of  different  individuals, 
but  also  in  the  two  cerebral  hemispheres  of  the  same  individual. 

There  are  two  varieties  of  furrows,  viz.  complete  and  incomplete.  The  complete 
fissures  are  few  in  number,  and  are  formed  by  inwardly- directed  infoldings 
involving  the  entire  thickness  of  the  cerebral  wall  They  consequently  show 
in  the  interior  of  the  cerebral  cavity  or  lateral  ventricle  in  the  form  of  internal 
elevations  on  its  wall.  The  complete  fissures  are  the  following :  (1)  the  dentate  or 
hippocampal  fissure;  (2)  the  anterior  part  of  the  calcarine  fissure;  and  (3)  a 
portion  of  the  collateral  fissure.  The  incomplete  fissures  are  merely  surface  furrows 
of  varying  depth,  which  do  not  produce  any  effect  on  the  inner  surface  of  the 
ventricular  wall. 

General  Structure  of  the  Cerebral  Hemispheres. — Each  cerebral  hemisphere 
is  composed  of  an  outside  coating  of  gray  matter,  spread  in  a  continuous  and  un- 
interrupted layer  over  its  surface,  and  an  internal  mass  of  white  matter,  which  forms 
a  considerable  part  of  the  immediate  wall  of  the  ventricular  cavity.  The  gray 
coating  is  termed  the  cerebral  cortex,  and  the  internal  white  matter  is  called  the 
medullary  centre.  Each  convolution  shows  a  corresponding  structure.  On  trans- 
verse section  it  is  seen  to  present  an  external  covering  of  gray  cortex,  supported  by 
a  central  core  of  white  matter. 

But,  in  addition  to  the  gray  matter  on  the  outside,  there  are  certain  large 
deposits  of  gray  matter  embedded  in  the  basal  part  of  each  cerebral  hemisphera 
These  cerebral  nuclei  constitute  the  corpus  striatum,  and,  although  to  some  extent 
isolated  from  the  gray  matter  on  the  surface,  it  can  be  easily  shown  that  at  certain 
points  they  are  directly  continuous  with  it. 

By  means  of  the  convolutions  and  sulci,  the  gray  matter  on  the  surface  of  the 
hemisphere  is  enormously  increased  in  quantity  without  unduly  adding  to  the  bulk 
of  the  organ ;  and,  further,  the  vascular  pia  mater,  which  dips  into  every  fissure,  is 
increased  in  extent  to  a  like  degree.  Opportunity  is,  therefore,  afforded  to  the 
cortical  vessels  of  breaking  up  into  twigs  of  exceeding  fineness  before  they  enter  the 
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sabstance  of  the  hemisphere.  The  distributioa  of  blood  to  the  gray  cortex  is,  in 
this  way,  equalised  and  rendered  uniform. 

Cerebral  Lobea  and  Interlobar  fissores. — Certain  of  the  fissures  which 
traverse  the  surface  of  the  cerebrum  are  more  or  leas  arbitrarily  chosen  for  sub- 
dividing the  surface  into  districts  or  areas,  which  are  termed  lobes.  These  fissures 
are  termed  interlobar,  and  are  the  following:  (1)  the  fissure  of  Sylvius;  (2)  the 
fissure  of  Kolando ;  (3)  the  parieto-occipital ;  (4)  the  calloso-marginal ;  (5)  the 
collateral ;  and  (6)  the  limiting  sulcus  of  Keil. 

The  lobes  which  are  mapped  out  by  these  fissures  are :  (1)  the  frontal ;  (2)  the 
parietal ;  (3)  the  occipital ;  (4)  the  temporal ;  (5)  the  insula,  or  the  island  of  Eeil ; 
(6)  the  limbic.  To  these  may  be  added  a  seventh  lobe,  in  no  way  related  to  the 
interlobar  fissures,  viz.  the  olfactory  lobe.  With  the  exception  of  the  occipital  and 
olfactory  lobes  and  the  insula,  this  subdivision  of  the  hemisphere  possesses  little 
morphological  value,  and  is  chiefly  adopted  for  topographical  purposes. 

Fissure  of  SylTlns  (fissura  cerebri  lateralis).— This  is  the  most  conspicuous 
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..o.t.      Sulcus  occipilalia  tnuisversus. 
ICC.  lat.  Sulcus  occipitalis  lateralis  (the  sulcus  lunatua 
of  Elliot  Smith). 


fiBBure  on  the  surface  of  the  cerebral  hemisphere.  It  is  composed  of  a  short  main 
Btem,  from  the  outer  extremity  of  which  three  branches  or  limbs  radiate.  The 
stem  of  the  Sylvian  fissure  is  placed  on  the  inferior  surface  of  the  hemisphere.  It 
begins  at  the  locus  perforatus  nnticiua  in  a  depression  termed  the  vallecola  Sylvii. 
From  this  it  passes  horizontally  outwards,  forming  a  deep  cleft  between  the 
temporal  pole  and  the  orbital  surface  of  the  frontal  lobe.  Appearing  on  the 
outer  surface  of  the  hemisphere  at  a  point  called  the  Sylvian  point,  the  Sylvian 
fissure  immediately  divides  into  three  radiating  branches.     These  are :   (1)  the 
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the  several  regions  of  the  cerebral  cortex  to  an  almost  equal  extent^  there  is  one  district,  viz.  the 
frontal  pole,  to  which  the  supply  is  scanty.    Another  very  important  result  has  been  obtained 

by  these  authors.     They  have  established 

oB^,- :^>,  the  fact  that  many  of  the  thalamic  fibres 

cross  the  mesial  plane  in  the  corpus  cal- 
losum,  and  thus  gain  the  cortex  of  the 
opposite  cerebral  hemisphere.  Hamilton's 
crossed  callosal  tract  thus  receives  con- 
formation. 


CALLOSUM 


-ANT"  LIMB 
INTVCAPSULF 


corp:qen:int. 


SUP  QUAD^BODV 


M^AWpCPHALON 


TCMPORO  -PONTINE 
TRACT 


LOBL 

Fio.  439. — Schema.     Founded  on  the  obHervationis  of 
Flechsig,  and  Ferrier  and  Turner. 


Intiinate  Stractore  of  the  Oorpos 
Qenicttlatum  ExtemuiiL  —  Sections 
through  the  external  geniculate  body 
reveal  the  fact  that  it  is  composed  of 
a  series  of  alternately  placed  gray  and 
white  curved  laminee.  This  gives  it 
a  very  characteristic  appearance.  The 
white  laminse  are  composed  of  fibres 
which  enter  the  body  from  the  optic 
tract  and  the  optic  radiation.  The 
connexions  of  the  geniculate  bodies 
will  be  studied  with  the  optic 
tract. 

Subthalamic  Tegmental  Region. 
— The  tegmental  part  of  the  crus  cere- 
bri is  prolonged  upwards  and  assumes 
a  position  below  the  hinder  part  of  the 
thalamus.  The  red  nncleus  is  a  con- 
spicuous object  in  sections  through  the 
lower  part  of  this  region  (Fig.  440).  It 
presents  the  same  appearance  as  lower 
down  in  the  mesencephalon,  and, 
gradually  diminishing,  it  disappears 
before  the  level  of  the  corpus  mam- 
millare  is  reached.  Carried  up  around  it  are  the  same  longitudinal  tracts  of  fibres 
which  have  been  studied  in  relation  to  it  in  the  tegmental  part  of  the  mesencephalon. 
Certain  of  these  fibres,  placed  in  immediate  relation  to  the  red  nucleus,  form  a 
coating  or  capsule  for  it.  This  coating  is  partly  derived  from  those  fibres  of  the 
superior  cerebellar  peduncle  which  pass  directly  up  into  the  thalamus  and  also 
partly  from  fibres  which  issue  from  the  nucleus  itself.  The  mesial  fillet,  also, 
which  in  the  upper  part  of  the  mesencephalon  is  observed  to  take  up  a  position  on 
the  lateral  and  dorsal  aspect  of  the  red  nucleus,  maintains  a  similar  position  in  the 
subthalamic  region.  When  the  red  nucleus  comes  to  an  end  these  various  fibres 
are  continued  onwards  and  form,  in  the  position  previously  occupied  by  the  nucleus, 
a  very  evident  and  dense  mass  of  fibres.  The  fibres  of  the  mesial  fillet,  of  the 
superior  cerebellar  peduncle,  and  of  the  red  nucleus  are  prolonged  upwards  into  the 
ventral  part  of  the  thalamus,  where  they  end  in  connexion  with  the  thalamic  celk 
The  substantia  nigra  is  likewise  carried  into  the  subthalamic  region,  where  it 
maintains  its  original  position  on  the  dorsal  aspect  of  the  crusta  of  the  crus  cerebri. 
As  it  is  traced  upwards,  it  is  seen  to  gradually  diminish  in  amount.  It  shrinks 
from  within  outwards,  and  finally  disappears  when  the  hinder  part  of  the  corpus 
mammillare  is  reached. 

In  coronal  sections  through  the  subthalamic  region,  the  most  conspicuous  object 
which  comes  into  view  is  the  corpus  snbthalamicimi  or  the  naclens  of  Lays  (Fig.  440> 
It  is  a  small  mass  of  gray  matter,  shaped  like  a  biconvex  lens,  which  makes  its  appear- 
ance on  the  dorsal  aspect  of  the  crusta  of  the  crus  cerebri  immediately  to  the  ouler 
side  of  the  substantia  nigra.  At  first  it  lies  in  an  angle,  which  is  formed  by  the 
meeting  of  the  crusta  and  the  internal  capsule ;  but,  rapidly  enlarging  in  an  uiward 
direction,  it  takes  the  place  of  the  diminishing  substantia  nigra  on  the  dorsal 
surface  of  the  crusta  at  the  level  of  the  lower  part  of  the  corpus  mammillare.  The 
corpus  subthalamicum  is  rendered  all  the  more  evident  by  the  fact  that  it  is 
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sharply  defined  by  a  thin  capsule  of  white  fibres.  On  its  mesial  aspect  these  fibres 
proceed  inwards  and  form  a  very  evident  decussation  across  the  middle  line  in  the 
floor  of  the  third 
ventricle,  immed- 
iately above  the 
hinder  ends  of  the 
corpora  mammil- 
laria. 

The     corpus       °  ttl! 
Bubthalamicum.in    011,^1' 
the    fresh    condi- 
tion,   presents    a    tiiajjie 

brownish     colour,  icowiie 

partly    from    the   corriwe 
fact  that  its  cells 
are  pigmented, and  ADteru>r 

partly    also    on    8u^,"J„'J  ' 

account   of  the    ^^^^^  j^'**^' 

numerous capil-    inw^ 
lary  blood-vessels         "'*' 

which  pervade  its  "*'*™J|  ™ 

substance.  Im 

Pineal   Body       R«i  ^uw™ 

(corpus     pineale).    kmi™, 
— This  is  a  small, 

,      ,  >  ■ '   ■   >      1  Sabtbiat  DIKlcuK 

dark,  reddish  body, 

about  the  size  of  a      ^"*'  ^^^ 

cherry-stone   and 

shaped   after   the  mpn> 

fashion  of  a  fir- 
cone. Placed  be- 
tween the  hinder       ^*''  ^^0.— Coronal  Section  trhoohh  the  Cehebhum  of  ah  Obano  passino 

J  r     1.1.         .  THBUUOH   IHB   SCBTHALAMIC   TeUHRNTAL    RBOIOH. 

ends   of   the    two 

thalami,  it  occupies  the  depression  on  the  dorsal  aspect  of  the  mesencephalon, 
which  intervenes  between  the  two  superior  quadrigeminal  bodies.  Its  base,  which 
is  directed  upwards,  is  attached  by  n  hollow  stalk  or  peduncle.  This  stalk  is 
separated  into  a  dorsal  and  a  ventral  part  by  the  prolongation  backwards  into  it 
of  a  small  pointed  recess  of  the  cavity  of  the  third  ventricle.  The  dorsal  part  of 
the  stalk  curves  outwards  and  forwards,  and  on  each  optic  thalamus  becomes 
continuous  with  the  tisnia  thalami  and  the  subjacent  stria  medullaris ;  the 
ventral  part  is  folded  round  a  narrow  but  conspicuous  cord-like  band  of  white 
matter,  which  crosses  the  mesial  plane  immediately  above  the  base  of  the  pineal  body 
and  receives  the  name  of  the  posterior  commissure  of  the  cerebrum  (Fig.  438,  p.  543). 
The  pineal  body  is  not  compoa«d  of  netvoua  elementa.  The  onlj  nerves  in  ita  midst  are  the 
Bymfuithetic  Hlameute  which  enter  it,  with  iU  blood- vesaels.  It  in  composed  of  spherical  and 
tubular  follicles,  filled  with  epithelial  cells,  and  containing  a  variable  aiiiuiiut  of  gritty,  calcareous 

The  pineal  body  is  a  rndimentarj-  atructure,  but  in  certain  vertebrates  it  attains  a  much 
higher  degree  of  development  than  in  man.  In  the  lizard,  blind-woiru,  etc,  it  is  present  in  the 
form  of  the  so-called  pineal  e^e.     lu  atructure  it  resembles,  in  the«e  animals,  an  invertebrate  eye. 


t  possesses  a  long  stalk,  in  which  nerve-fibres  are  developed.  Furllier,  it  is  carried  through 
an  aperture  in  the  cranial  wall,  and  consei^uently  lies  cloee  to  the  surface  on  the  dorsum  of  the 
head  between  the  ]>arietal  boneo. 


Triffontim  Habennlss. — The  small,  triangular,  depressed  area  which  receives  this 
name  is  placed  immediately  in  front  of  the  superior  quadrigeminal  body  in  the 
interval  between  the  jjcduncle  of  the  pineal  body  and  the  hinder  end  of  the  thalamus 
(Fig.  438,  p.  543).  It  marks  the  poBition  of  nn  important  collection  of  nerve-cells, 
which  constitute  the  ganglion  habennln.  The  axons  of  these  cells  are  collected  on 
the  ventral  aspect  of  the  ganglion  ioto  a  bundle,  called  the  fiucicnlns  retrofleiuB, 
which  takes  a  curved  course  downwards  and  forwards  in  the  tegmentum  of  the 
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mesencephalon.  The  fasciculus  retroflexus  lies  close  to  the  inner  side  of  the 
red  nucleus,  and  finally  comes  to  an  end  in  a  group  of  cells  termed  the  ganglion 
interpedunculare,  situated  in  the  lower  part  of  the  locus  perforatus  posticus 
(see  p.  539). 

The  ganglion  habenulie  is  likewise  intimately  connected  with  the  stria  medul- 
laris  and  the  dorsal  part  of  the  stalk  of  the  pineal  body. 

As  previously  stated,  the  stria  mednllariB — ^a  very  evident  band  of  white 
matter — lies  on  the  optic  thalamus,  subjacent  to  the-  ependymal  ridge  termed  the 
taenia  thalami.  When  traced  backwards,  many  of  the  fibres  of  the  stria  medullaris 
are  observed  to  end  amongst  the  cells  of  the  ganglion  habenulse,  whilst  others  are 
continued  past  the  ganglion  to  enter  the  peduncle  of  the  pineal  body,  and,  through 
it,  to  reach  the  ganglion  habenulae  of  the  opposite  side,  in  connexion  with  the  cells 
of  which  they  terminate.  The  stria  meiiullaris,  therefore,  ends  partly  in  the 
ganglion  habenulse  of  its  own  side  and  partly  in  the  corresponding  ganglion  of  the 
opposite  side.  The  decussation  of  fibres  across  the  middle  line  forms  the  dorsal 
part  of  the  pineal  stalk  or  peduncle,  and  is  frequently  termed  the  commissnra 
habenularom. 

When  the  stria  medullaris  is  traced  in  the  opposite  direction,  it  is  noticed  to 
split  into  a  dorsal  and  ventral  part  near  the  anterior  pillar  of  the  fornix.  The 
dorsal  part  turns  abruptly  upwards,  and,  joining  the  fornix,  is  carried  in  it  to  the 
hippocampus  major  or  cornu  ammonis  from  cells  in  which  its  fibres  take  origin. 
The  ventral  part  turns  downwards  and  appears  to  spring  from  a  collection  of  cells 
in  the  gray  matter  on  the  base  of  the  brain  close  to  the  optic  chiasma.  The  stria 
medullaris  is  believed  to  form  a  part  of  the  olfactory  apparatus. 

Oommissora  Posterior. — The  posterior  commissure  is  a  slender  band  of  white 
matter,  which  crosses  the  middle  line  under  cover  of  the  stalk  of  the  pineal  body 
and  overlies  the  entrance  of  the  aqueduct  of  Sylvius  into  the  third  ventricle.  The 
fibres  which  enter  into  the  formation  of  the  posterior  commissure  are  believed  to 
arise  in  a  special  nucleus,  which  is  placed  in  the  central  gray  matter  immediately 
above  the  oculo- motor  nucleus.  They  decussate  with  each  other  across  the  mesial 
plane  and  thus  the  commissure  is  formed.  The  other  connexions  of  this  httle 
band  are  not  satisfactorily  established,  but  Held  believes  that  some  of  its  ventral 
fibres  pass  downwards  into  the  posterior  longitudinal  bundle. 

Locus  Perforatus  Posticus  (substantia  perforata  posterior). — This  has  already 
been  described  on  p.  475.  Some  delicate  bands  of  white  matter,  termed  the  tsnia 
pontis,  may  frequently  be  seen  emerging  from  the  gray  matter  of  this  region ;  they 
then  curve  round  the  crura  cerebri  in  close  relation  to  the  upper  border  of  the 
pons,  into  which  they  tiltimately  sink  (Fig.  390,  p.  484). 

Corpora  Mammillaria. — The  corpora  mammillaria  are  two  round  white  bodie.^ 
each  about  the  size  of  a  pea,  which  lie  side  by  side  in  the  interpeduncular  space  on 
the  base  of  the  brain,  immediately  in  front  of  the  locus  perforatus  posticus. 

Each  corpus  mammillare  is  coated  on  the  outside  by  white  matter  derived 
irom  the  anterior  pillar  of  the  fornix,  and  contains,  in  its  interior,  a  composite  gniy 
nucleus  with  numerous  nerve-cells.  Several  important  strands  of  fibres  are  con- 
nected with  the  corpus  mammillare :  (1)  The  anterior  pillar  of  the  fornix  cunes 
downwards  in  the  lateral  wall  of  the  third  ventricle  to  reach  the  corpus  mammiUaiv, 
and  its  fibres  end  amidst  the  cells  of  that  body.  (2)  A  bundle  of  fibres,  calletl 
the  bundle  of  Vicq  d'Azyr,  which  at  first  sight  appears  to  be  continuous  with  the 
anterior  pillar  of  the  fornix,  takes  origin  in  its  midst  and  extends  upwards  into 
the  optic  thalamus,  to  end  in  fine  arborisations  around  the  large  cells  in  the  anterior 
thaliimic  nucleus.  (3)  Another  bundle  of  fibres,  the  pedunculus  corporis  mammillariB, 
takes  form  within  the  corpus  mammillare  and  extends  downwards  in  the  gray 
matter  of  the  floor  of  the  third  ventricle,  to  reach  the  tegmentum  of  the  meaen- 
cephalon.     The  ultimate  destination  of  these  fibres  is  doubtful. 

Tuber  Cinereum  and  Inflindibulum. — The  tuber  cinereum  is  a  small,  slightly 
prominent  field  of  gray  matter,  which  occupies  the  anterior  part  of  the  inter- 
peduncular space  between  the  corj^ora  mammillaria  behind  and  the  optic  chiasiua 
in  front.  From  its  fore-part  the  inAmdibulum,  or  stalk  of  the  pituitary  body, 
projects  downwards  and.  connects  that  body  with  the  base  of  the  brain.     In  ite 
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upper  part  the  iafuodibulum  is  hollow,  a  small,  funnel-shaped  diverticulum  of  the 
cavity  of  the  third  ventricle  being  prolonged  downwards  into  it. 

iStnitary  Body  (hy pophjais). 
— This  IB  a  small  oval  structure, 
flattened  from  above  downwards, 
and  with  its  long  axis  directed 
transveirsely,  which  occupies  the 
pituitary  fossa  in  the  floor  of  the 
crauium.  It  is  composed  of  two 
lobes — a  large  anterior  lobe  and  a 
Binalier  posterior  lobe,  which  are 
clusely  applied  the  one  to  the  other. 
The  infnndibulum,  which  extends  ' 
downwards  from  the  tuber  cin-  p 
ereum,  is  attached  to  the  posterior 
lobe. 

The  iufundibulum  and  posterior 
lobe  of  the  pituitary  body  are  de- 
veloped in  the  form  of  a  hollow  diver- 
ticulum, which  erowH  downwards  from  „  , , ,  „ 
4.1,  a  til.  i  _..  HI.  L  -  Fio.  441.— Mesial  Ssc 
the  floor  of  that  part  of  the  embryonic  i^  ^  Child 

brain    which    afterwards    forms    the   ,    ...  „  ..  n      -   .i,       .-     «        i  ■   i-     uo  .i. 

.1  _j           ...          _,,           .    .      ,           .,  '"  '*"■  "ct'on,  »9  well  M  in  the  »«tioii  flgurwl  in  Fig.  442,  the 

third  ventricle.      Ihe  original   cavity  iafiin.libuimn  haa  the  app««rance  of  beina  •llwhed  to  the 

of  this  diverticulum  becomes  obUter-  Bnterior  lobe.     Thij  is  diia  to  the  way  in  which  the  larger 

ated,  except  in  the  upper  part  of  the  wit*rior  lobe  grows  bnckwRrds  ao  u  to  embrace  the  smaller 

infnndibulum.     In  structure,  the  pos-       f^i"*"^  ^°^..  '^"  '""•''%"  '*  *!"?  "ccommodMed  in  a 
.    .      ,  ,        ,   ,        .     :  """""i  """  1""         hollow  in  the  hinder  espect  of  the  anterior  lobe, 
tenor  lobe  of  the  pituitary  body  shows  _„        .  .        .  .    __..       -     ,  _. 

,.  ,,  ,    .'^  .    .-'  ".J  "— -    -  Prom  a  photogrenli  by  Prolbitor  Symtnirtoii. 

little  trace   of   ita   origin    from   the  v      n   v     j  j      » 

wall  of  the  brain-tube.     It  is  chiefly  composed  of  connective  tissue  and  blood-vessels,  with 

branched  cells  scattered  throughout  it. 

The  anterior  lobe  has  quite  a  different  origin,  and  may  be  regarded  as  the  functional 
part  of  the  pituitary  body.  It  is  de- 
rived from  a  tubular  diverticulum, 
which  grows  upwards  from  the  primi- 
tive buccal  cavity  or  stomodaium.  Its 
connexion    with    the    latter    (canal is 

™'°  cranio-phnryngeus)  is  in  the  course  of 
time  cut  off,  and  the  diverticulum  bc- 

'  ""  conies  encased  within  the  cranial  cavity 
in  intimate  association  with  thecerebral 

liiiire  portion  of  the  organ.  Structurally,  it 
consists  of  tubules  or  alveoli,  lined  by 

iijiB  epithelial  cells  and  surrounded  by 
capillary  vessels.  Ita  structure  is  in 
some  respects  not  unlike  that  of  the 

,  parathyroid  bodies.     In  giants,  and  in 

cases  of  acromegaly,  the  pituitary  body 

,  is  usually  greatly  enlarged. 

Lamina  Cinerea. — This  is  a 
thin,  delicate  lamina  which  may  be 
seen  on  the  basal  aspect  of  the 
brain,  stretching  from  the  upper 
aspect  of  the  optic  chiasms  in  an 
spiiAnaidd  (inna  Upward  direction  to   liecome  con- 

5  PnuiTART  Rbgion  ngcted   with   the   rostrum   of   the 
corpus  calloBum. 

Anterior  Commissure  of  the  Oerebntm. — In  the  anterior  part  of  the  cleft, 
between  the  two  optic  thalami  and  immediately  in  front  of  the  anterior  pillars  of 
the  fornix,  a  round  bundle  of  fibres  crosses)  the  mesial  plane.  This  is  the  anterior 
coinuiisBUre.     It  is  much  larger  than  the  posterior  commissure. 
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Third  Ventricle  (ventriculus  tertius).  —  Thia  is  the  narrow  cleft  which 
separates  the  two  optic  thalami.  Its  depth  rapidly  increases  &om  behind  for- 
wards, and  it  may  be  said  to  extend  from  the  pinefd  body  behind  to  the  lamina 
cinerea  in  front.  Its  fioor  is  formed  by  the  structures  already  studied  withio 
the  area  of  the  interpeduncular  apace  on  the  base  of  the  brain,  viz.  the  tuber 
oinereum,  the  corpora  mammillaria,  the  gray  matter  of  the  locus  perforatua  posticus, 
and  also  to  some  extent  behind  thia  by  the  tegmenta  of  the  crura  cerebri.  It  is 
interesting  to  note  that  the  central  gray  matter  which  surrounds  the  Sylvian 
aqueduct  ia  directly  continuous  with  the  gray  matter  of  the  locus  perforatua  posti- 
cus and  tuber  oinereum,  aud  in  tliia  way  it  comes  to  the  surface  in  the  base  of  the 
brain.  The  optic  chiasma  crosses  the  floor  in  front  and  marks  the  place  where  the 
latter  becomes  continuous  with  the  anterior  wall  of  the  cavity.  The  front  wall  of 
the  third  ventricle  is  formed  by  the  lamina  oinerea,  which  extends  upwards  from 
the  optic  chiasma.  The  anterior  commissure,  as  it  crosses  from  one  side  to  the  other, 
projects  into  the  ventricle,  but  of  course  it  is  excluded  from  the  cavity  by  the 
ventricular  epithelial  lining.  It  may  be  taken  as  indicating  the  place  where  the 
roof  joins  the  anterior  waU.  The  roof  of  the  third  ventricle  is  formed  by  a  thin 
epithelial  layer,  continuous  with  the  thin  epithelial  lining  of  the  cavity,  which 
stretches  across  the  mesial  plane  from  one  taenia  thalami  to  the  other.  Applied 
to  the  upper  surface  of  the  epithelial  roof  is  the  fold  of  pia  mater,  termed  the  velum 
interpoBttum,  and  the  roof  is  iuvaginated  into  the  cavity  along  its  whole  length  by 
two  delicate  choroid  plexuses,  which  hang  down  from  the  under  surface  of  thia 
fold.  When  the  velum  interpositum  is  removed  the  thin  epithelial  roof  is  torn 
away  with  it,  leaving  only  the  lines  of  attachment  in  the  shape  of  the  kenia 
thalami. 

The  lateral  wall  of  the  third  ventricle  is  formed  for  the  greater  port  of  its 
extent  by  the  inner  surface  of  the  optic  thalamus,  covered  by  a  thick  layer  of 

E  I      1  «■!      "5 


Kio.  413.— Mrsca:.  Sbctios  thhoooh  tub  Cokpos  CAii<»ii,-M,  DiENcsrSALOS,  ere. 
Sbawa  the  third  ■ml  fourth  ventriclus  coauected  by  the  aqneduct  ol  Sylvius 

central  gray  matter  continuous  with  the  Sylvian  gray  matter  of  the  mesencephalon. 
A  little  in  front  of  the  middle  of  the  ventricle  the  cavity  ia  crossed  by  the  middle 
or  soft  commissnre,  which  connects  the  thalami  with  each  other,  and  in  front  of  this 
the  anterior  pillar  of  the  fornix  is  seen  curving  downwards  and  backwards  in  the 
lateral  wall.  At  first  the  bulging  which  it  forma  is  distinctly  promint-nt,  but  it 
gradually  subsides  as  the  strand,  on  its  way  to  end  in  the  corpus  mammillare. 
becomes  more  and  more  sunk  in  the  gray  matter  on  the  side  of  the  ventricle. 
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The  third  ventricle  communicates  with  both  of  the  lateral  ventricles,  and  also 
with  the  fourth  ventricle.  The  Miiieduct  of  SylviuH,  the  narrow  channel  which 
tunnels  the  mesencephalon,  hringe  it  into  communication  with  the  fourth  ventricle. 
The  opening  of  this  aqueduct  is  placed  at  the  posterior  part  of  the  floor  of  the  third 
ventricle,  immediately  helow  the  posterior  commissure.      The  foramina  of  Monro 


Fia.  444.— pHoviut  View  of  a  CdST  or  thk  Ventriclu  uk  the  Bkaih  (ttom  Retiius). 
RSP.  Receuus  BUpnpiDealis.  A.S.   Aqueduct  of  Syliiug. 

R.P.    Recesena  pinealii.  K.M.  Koranien  of  Mooro. 

bring  it  into  communication  with  the  lateral  ventricles.  These  apertures  are 
placed  at  the  upper  and  fore  parts  of  the  lateral  walls,  and  lead  outwards  and 
slightly  upwards  between  the  most  prominent  parts  of  the  anterior  pillars  of  the 
fornix  and  the  anterior  tubercles  of  the  optic  thalami.  They  are  just  large  enough 
to  admit  a  crow-quill,  and  through  these  passages  the  epithelial  lining  of  the  three 
ventricles  becomes  continuous.  From  the  foramen  of  Monro  a  distinct  groove  on 
the  lateral  wall  of  the  ventricle  leads  backwards  towards  the  mouth  of  the  Sylvian 
aqueduct.  It  is  termed  the  bdIcua  of  Uonro,  and  is  of  interest,  inasmuch  as  it  is 
considered  by  His  to  represent  in  the  adult  brain  the  furrow  which  divides  the 
lateral  wall  of  the  embryonic  brain-tube  into  an  alar  and  a  basal  lamina. 

The  outline  of  the  third  ventricle,  when  viewed  from  the  side  in  a  meeial  section 
through  the  brain,  or  as  it  is  exhibited  iti  a  plaster  cast  of  the  ventricular  system  of  the 
braiu,  is  seen  to  be  very  irregular  (Fig  Hi).  It  presents  several  diverticula  or  recesses. 
Thus,  in  tlie  fore-part  of  the  floor  there  is  a  fuiiiiel-sliaped  pit  or  recess,  leading  down 
through  the  tuber  cinereum  into  the  infundibulum  of  the  pituitary  body.  Another  recess, 
the  recettut  optieut,  leads  forwards  immediut-ely  in  front  of  this,  above  the  optic  vhiasma. 
Posteriorly  two  diverticula  are  present  One,  the  rer^tstw  pintaliii,  passes  backwards 
above  the  posterior  commissure  and  the  mouth  of  the  .Sylvian  aqueduct  for  a  short 
distance  into  the  stalk  of  the  pineal  body.  The  second  is  placed  above  this  and  is  carried 
backwards  for  a  greater  distance.  It  is  a  diverticulum  of  the  epithelial  roof,  and,  there- 
fore, is  difficult  to  demonstrate.     It  is  termed  the  recfstu*  mprapinenlU 

Cbhkbhal  Connexions  of  the  Optic  Tract. 

One  nerve,  the  optic  nerve  or  the  nerve  of  sight,  is  connected  with  this  section 
of  the  brain.  At  the  optic  cbiasma  the  optic  nerves  of  the  two  sides  are  joined 
together  and  a  partial  decussation  of  fibres  takes  place.  The  fibres  which  arise  in 
the  mesial  half  of  each  retina  cross  the  mesial  plane  and  join  the  optic  tract  of  the 
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constitutes  the  optic  radiation.  The  optic  radiation  is  composed  both  of  corticipetal 
and  corticifugal  fibres.  The  former  arise  as  the  axons  of  the  cells  in  the  external 
geniculate  body  and  the  pulvinar,  around  which  the  retinal  fibres  end,  and  they 
terminate  in  the  cortex  of  the  occipital  lobe.  The  corticifugal  fibres  take  origin 
in  the  cortex  of  the  occipital  lobe  and  end  in  the  pulvinar  and  superior  quadri- 
geminal  body  (Ferrier  and  Turner).  Thus  constituted,  the  optic  radiation  forms 
a  conspicuous  strand  (Figs.  462,  p.  576 ;  465,  p.  579 ;  473,  p.  592),  which,  reaching 
the  retrolenticular  part  of  the  internal  capsule,  sweeps  backwards  into  the  occipital 
lobe  of  the  cerebral  hemisphere  on  the  outer  side  of  the  posterior  horn  of  the 
lateral  ventricle.     Its  connexions  will  be  studied  more  fully  at  a  later  stage. 

Flechsig  does  not  believe  that  the  pulvinar  is  an  intemode  interposetl  in  tlie  path  of  the  optic 
nerve  as  it  proceeds  towards  the  visual  area  of  the  cerebral  cortex.  He  states  that  he  has  not 
been  able  to  convince  himself  that  any  fibres  of  the  optic  tract  end  in  the  optic  thalamua 

Other  Connexions  of  the  Lower  Group  of  Visual  Oentrea — (l)  The  nuclei  of  the  nerves 
which  supply  the  muscles  which  move  the  eyeball  would  appear  to  stand  in  intimate  connexion 
with  the  lower  group  of  visual  centres.  Most  probably  this  connexion  is  established  through 
the  posterior  longitudinal  bundle.  As  previously  stated,  Held  believes  that  axons  of  certain  of 
the  cells  of  the  superior  quadrigeminal  oody  enter  this  tract  (2)  Through  the  mesial  fillet,  the 
superior  quadrigeminal  body  Ls  connected  with  the  medulla  and  cord. 

THE  PARTS   DERIVED   FROM   THE  TELENCEPHALON. 

Cerebral  Hemispheres. 

The  cerebral  hemispheres  form  the  largest  part  of  the  fully-developed  brain. 
When  viewed  from  above  they  form  an  ovoid  mass,  the  broadest  end  of  which  is 
directed  backwards,  and  the  longest  transverse  diameter  of  which  will  be  found  in 
the  vicinity  of  the  parts  which  lie  subjacent  to  the  parietal  eminences  of  the 
cranium.  The  massive  rounded  character  of  the  anterior  or  frontal  end  of  each 
cerebral  hemisphere  constitutes  a  leading  human  characteristic ;  but  the  hinder  or 
occipital  end  is  narrow  and  pointed,  and  is  directed  somewhat  downwards.  The 
two  cerebral  hemispheres  are  separated  from  each  other  by  a  deep  mesial  cleft, 
termed  the  great  longitudinal  fissure. 

Great  LongitncUnal  Fissure  (fissura  longitudinalis  cerebri). — In  front  and 
behind  the  great  longitudinal  fissure  passes  from  the  dorsal  to  the  ventral  aspect  of 
the  cerebral  hemispheres,  so  as  to  separate  them  completely  from  each  other.  In 
its  middle  part,  however,  the  fissure  is  interrupted  and  floored  by  the  corpus 
callosum,  a  white  commissural  band,  which  passes  between  the  hemispheres  and 
connects  them  together.  The  upper  surface  of  the  corpus  callosum  can  be 
displayed  by  gently  drawing  asunder  the  contiguous  mesial  surfaces  of  the 
cerebral  hemispheres.  The  great  longitudinal  fissure  is  occupied  by  a  mesial 
fold  of  dura  mater,  termed  the  falx  cerebri,  which  partially  subdivides  the  part 
of  the  cranial  cavity  allotted  to  the  cerebrum  into  a  right  and  left  chamber. 

External  Ctonfl^^nration  of  each  Oerebral  Hemisphere. — Each  cerebral  hemi- 
sphere presents  an  external,  an  internal,  and  an  inferior  surface.  The  externcU 
surface  is  convex  and  is  adapted  accurately  to  the  deep  surface  of  the  cranial 
vault.  The  internal  or  mesial  surface  is  flat  and  perpendicular,  and  bounds  the 
great  longitudinal  fissure.  In  great  part  it  is  in  contact  with  the  falx  cerebri ;  and 
where  that  partition  is  deficient,  it  is  applied  to  the  corresponding  portion  of  the 
internal  surface  of  the  opposite  hemisphere.  The  inferior  surface  is  irregular  and 
is  adapted  to  the  anterior  and  middle  cranial  fossae  of  the  cranial  floor  and,  behind 
these,  to  the  upper  surface  of  the  tentorium  cerebelli.  Traversing  this  surface  in  a 
transverse  direction,  nearer  the  anterior  end  of  the  hemisphere  than  the  posterior 
end,  is  the  stem  of  the  Sylvian  fissure.  This  deep  cleft  divides  the  inferior  surface 
into  an  anterior  or  orbital  area,  which  rests  on  the  orbital  plate  of  the  frontal  bone, 
and  is  consequently  concave  from  side  to  side,  and  a  more  extensive  posterior  or 
tentorial  area,  which  lies  on  the  floor  of  the  lateral  part  of  the  middle  cranial  fossa 
and  upon  the  upper  surface  of  the  tentorium  cerebelli.  This  surface  is  arched 
from  before  backwards,  and  looks  inwards  as  well  as  downwards.  In  its  hinder 
two-thirds  it  lies  above  the  cerebellum,  from  which  it  is  separated  by  the  tentorium 
cerebellL 
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The  borders  which  intervene  between  these  surfaces  are  the  supero-mesial,  the 
superciliary,  the  infero-lateral,  and  the  internal  occipital.  The  supero-mesial 
border,  convex  from  before  backwards,  intervenes  between  the  convex  external 
surface  and  the  flat  internal  surface  of  the  hemisphere.  The  superciliary  border  is 
highly  arched  and  separates  the  orbital  surface  from  the  external  surface.  The 
infero-lateral  border  marks  oflF  the  tentorial  surface  from  the  external  surface.  The 
internal  occipital  border  can  only  be  seen  in  cases  where  the  brain  has  been  hardened 
in  situ  and  faithfully  retains  the  natural  form.  It  extends  from  the  posterior  end 
of  the  hemisphere  towards  the  hinder  extremity  of  the  corpus  callosum,  and  inter- 
venes between  the  mesial  and  tentorial  surfaces.  It  is  the  border  which  lies  along 
the  straight  blood  sinus,  and  it  therefore  occupies  the  angle  which  is  formed  by  the 
attachment  of  the  posterior  part  of  the  falx  cerebri  to  the  upper  surface  of  the 
tentorium  cerebelli. 

The  most  projecting  part  of  the  anterior  end  of  the  cerebral  hemisphere  is  called 
the  frontal  pole,  whilst  the  most  projecting  part  of  the  hinder  end  is  termed  the 
occipital  pole.  On  the  under  surface  of  the  hemisphere  the  prominent  point  of 
cerebral  substance  which  extends  forwards  below  the  Sylvian  fissure  receives  the 
name  of  the  temporal  pole.  In  a  well-hardened  brain  a  broad  groove  is  usually 
present  on  the  inner  and  lower  aspect  of  the  occipital  pole  of  the  right  hemisphere. 
This  corresponds  to  the  commencement  of  the  right  lateral  venous  sinus.  A  less 
distinct  groove  on  the  occipital  pole  of  the  left  hemisphere  frequently  indicates  the 
commencement  of  the  left  lateral  sinus.  On  the  tentorial  surface,  a  short  distance 
behind  the  temporal  pole,  a  well-marked  depression  is  always  visible.  This  corre- 
sponds to  the  elevation  on  the  anterior  surface  of  the  petrous  portion  of  the 
temporal  bone  over  the  superior  semicircular  canal. 

Cerebral  Gyri  and  Sulci. — The  surface  of  the  cerebral  hemispheres  is  rendered 
highly  irregular  by  the  presence  of  convolutions  or  gyri,  separated  from  each  other 
by  intervening  furrows  of  very  varying  depth,  termed  sulci  or  fissures.  The  surface 
pattern  which  is  presented  by  these  gyri  and  sulci  is,  in  its  general  features,  the 
same  in  all  normal  human  brains ;  but  when  the  comparison  is  pushed  into  detail 
many  differences  become  manifest,  not  only  in  the  brains  of  different  individuals, 
but  also  in  the  two  cerebral  hemispheres  of  the  same  individual. 

There  are  two  varieties  of  furrows,  viz.  complete  and  incomplete.  The  complete 
fissures  are  few  in  number,  and  are  formed  by  inwardly -directed  infoldings 
involving  the  entire  thickness  of  the  cerebral  wall.  They  consequently  show 
in  the  interior  of  the  cerebral  cavity  or  lateral  ventricle  in  the  form  of  internal 
elevations  on  its  wall.  The  complete  fissures  are  the  following :  (1)  the  dentate  or 
hippocampal  fissure;  (2)  the  anterior  part  of  the  calcarine  fissure;  and  (3)  a 
portion  of  the  collateral  fissure.  The  incomplete  fissures  are  merely  surface  furrows 
of  varying  depth,  which  do  not  produce  any  effect  on  the  inner  surface  of  the 
ventricular  wall. 

Oeneral  Structure  of  the  Cerebral  Hemispheres. — Each  cerebral  hemisphere 
is  composed  of  an  outside  coating  of  gray  matter,  spread  in  a  continuous  and  un- 
interrupted layer  over  its  surface,  and  an  internal  mass  of  white  matter,  which  forms 
a  considerable  part  of  the  immediate  wall  of  the  ventricular  cavity.  The  gray 
coating  is  termed  the  cerebral  cortex,  and  the  internal  white  matter  is  called  the 
medullary  centre.  Ea.ch  convolution  shows  a  corresponding  structure.  On  trans- 
verse section  it  is  seen  to  present  an  external  covering  of  gray  cortex,  supported  by 
a  central  core  of  white  matter. 

But,  in  addition  to  the  gray  matter  on  the  outside,  there  are  certain  lai^ 
deposits  of  gray  matter  embedded  in  the  basal  part  of  each  cerebral  hemisphere. 
These  cerebral  nuclei  constitute  the  corpus  striatum,  and,  although  to  some  extent 
isolated  from  the  gray  matter  on  the  surface,  it  can  be  easily  shown  that  at  certain 
points  they  are  directly  continuous  with  it. 

By  means  of  the  convolutions  and  sulci,  the  gray  matter  on  the  surface  of  the 
hemisphere  is  enormously  increased  in  quantity  without  unduly  adding  to  the  bulk 
of  the  organ ;  and,  further,  the  vascular  pia  mater,  which  dips  into  every  fissure,  is 
increased  in  extent  to  a  like  degree.  Opportunity  is,  therefore,  afforded  to  the 
cortical  vessels  of  breaking  up  into  twigs  of  exceeding  fineness  before  they  enter  the 
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substance  of  the  hemisphere.  The  distributioa  of  blood  to  the  gray  cortex  is,  in 
this  way,  equahsed  and  rendered  uniform. 

Cerebru  Lobes  and  Interlobar  rissareB.— Certain  of  the  fissures  which 
traverae  the  surface  of  the  cerebrum  are  more  or  less  arbitrarily  chosen  for  sub- 
dividing the  surface  into  districts  or  areas,  which  are  termed  lobes.  These  fissures 
are  termed  interlobar,  and  are  the  following:  (1)  the  fissure  of  Sylvius;  (2)  the 
fissure  of  Kolando ;  (3)  the  parieto-occipital ;  (4)  the  calloso-mai^inal ;  (5)  the 
collateral ;  and  (6)  the  limiting  sulcus  of  Keil. 

The  lobes  which  are  mapped  out  by  these  fissures  are :  (1)  the  frontal ;  (2)  the 
parietal ;  (3)  the  occipital ;  (4)  the  temporal ;  (5)  the  insula,  or  the  island  of  Keil ; 
(6)  the  limbic.  To  these  may  be  added  a  seventh  lobe,  in  no  way  related  to  the 
interlobar  fissures,  viz.  the  olfactory  lobe.  With  the  exception  of  the  occipital  and 
olfactory  lobes  and  the  iusula,  this  subdivision  of  the  hemisphere  possesses  little 
morphological  value,  and  is  chiefly  adopted  for  topographical  purposes. 

Flsanre  of  Sylvins  (fissura  cerebri  lateral  is).  ^T  his  is  the  most  conspicuous 
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Iter  surfsce  of  tlie  cerebral  hemisphere. 

Sulcus  frontal  i'  aiiperior. 
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Sulcus  frontal ia  inferior. 

B.s,         Superior  genu. 
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(Sylvian  fl^ur. 
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Awending  terniioil  part 

of  the  posterio 

I  hori- 

lontal  limb  of  tli«  Syl' 

nan  flMure. 

of  Elliot  Smith  J, 

Inferior  pr«central  snlcu 

cm.      Cnlloso-marginal  sulcus. 

iifl. 

c.t-r.      Inferior  transTerse  furrow. 

fissure  on  the  surface  of  the  cerebral  hemisphere.  It  is  composed  of  a  short  main 
stem,  from  the  outer  extremity  of  which  three  branches  or  limbs  radiate.  The 
Item  of  the  Sylvian  fissure  is  placed  on  the  inferior  surface  of  the  hemisphere.  It 
begins  at  the  locus  perforatus  anticus  in  a  deprenision  termed  the  vallecula  Sylvit 
From  this  it  passes  horizontally  outwards,  forming  a  deep  cleft  between  the 
temporal  pole  and  the  orbital  surface  of  the  frontal  lobe.  Appearing  on  the 
outer  surface  of  the  hemisphere  at  a  point  called  the  Sylvian  point,  the  Sylvian 
fissure  immediately  divides  into  three  radiating  branches.     These  are:  (1)  the 
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The  temporal  and  fron to-parietal  opercula  make  their  appearance  somewhere  about  the  end 
of  the  fifth  month  of  fretal  development,  long  before  the  other  two  opercula  show  any  indication 
of  growth.     The  temporal  operenlmii  grows  more  rapidly  than  the  front«-parietal ;  »o  that,  when 
the  margins  of  theao  two  opercula  come  together  to  form  the  posterior  limb  of  the  Sylvian  fisnure, 
there  iaa  greater  est«nl  of  the  Sylvian  fossa  covered  by  the  temporal  operculum  than  by  the  fronto- 
parietal operculuni.   This  accounts  for  the  more  oblique  direction  of  the  Sylvian  fisaure  in  the  fmlal 
braia     But  at  this  stage  a  growth -antagonism  between  the  two  opercula  takes  place,  and  in  this 
the  fronto-parietal 
operculum  proves  the 
victor.      The  contigu- 
ous    lips    of    the    two 

opercula  become,  in  the  I 

first   instance,  tightly 
preiiiied    together,    and 

then,  as  the  upper  oper-  ^ 

cnlnm    proves    the  ' 

stronger  and  the  more 
vigorous  in  its  ^wth, 

the  posterior  limb  of  i 

the  Sylvian  fissure  be- 
comes   gradually     de- 
pressed until  it  assumes  C 
the    iuclination  char- 
acteristic of  the  adult 

Ih/oiSZ"!;.-!!!"  '• «'«"  -rT'  '•;"■''■•?  T  •  f 'r;° "°  k""",  ■•"  °',*,*  "■■",',  "z't 

..,t.~  »i^...  ».i.r  k     _  of  Jeve  opmenl ;  B,    Right  cerebral   hemLsphem   from  a  falus  iii  lie  Ufth 

antagonism  Which  pro-  ^,^^j,_  „f';i„„op,;;ent  fc.  Bight  ce^bml  hemisphere  from  a  f«tu.  m  the 

duc«.  thi^  effect  in  the  ,.„„      ^  of  the  eighth  luonlh  of  dev.lop<..e.it. 

human  brain  does  not  i,,  c  ths  tempor»l  opereulum  has  heen  removed,  snJ  thus  n  Inrtp.-  pnrt  of  the 
occur  to  the  same  ei-  io>ula  is  exposed.    The  outliue  of  Ihe  temporal  opereulum  ia  iudicated  by  a 

tent,  if  indeed  it  occurs  dotted  line. 

M  all,  in  the  ape.  This  F.P.  Fronto-parietBl  operculum.  F,  Frontal  operculmn.  0,  Orbital  operculum, 
is  evident  from  the  ob- 
lique direction  of  the  posterior  limb  of  the  Sylvian  fissure  in  the  simian  braia  The  greater 
xrowth-energy  of  the  froulo- parietal  operculum  in  the  human  brain  is  not  confined  to  the 
Tcetel  stage  of  development,  but  is  carried  into  the  earlier  staffes  of  infantile  growth,  and  it  is 
probable  that  it  is  due  to  an  extension  of  that  district  of  the  cortex  in  which  the  ceuti'ca 
for  the  skilled  movements  of  the  upper  liiuba  reside,  and  also  to  an  extension  of  Flechsig's 
parieto-occipital  association  area. 

The  orbital   and   frontal  opercula  are  late  in  appearinff  and  very  tardy  in  their  growlh. 
Jndeed,  it  is  only  during  the  couree  of  the  first  year  of  mrantiielife  that  they  come  into  apposition 


Fig.  447.^Tiihee  Staobs  ii 


Fki.  418.— DisoBia  TO  Illustbatb  the  DfiVKLorxEsr  of  tub  OrEBcuLA  wHiuH  covEB  TUB  Insula. 


A,  SylTiau  foaaa  before  opercula  b^n  to  form  ;  U,  Fron lo- parietal  aod  temporal  opercula  well  adTanced  ; 
C,  All  the  four  opercula  developeil  but  not  in  apposition. 
F.P.  Fronto- parietal  operculum.      O.K.  Orbital  wall  of  fossa.        a'.   Anterior  horizon tal  Imib  of  Sylvian  fissure. 
T.      Temporal  opetculuni.  F.      Frontal  o[«n:uluni.  »'.  Ascendinp  limb. 

P.R.  Frontal  wall  of  (oesa.  O.      Orbital  operculum.  s'.   Posterior  hariiontal  limb. 

■with  each  other  and  with  the  other  two  opercula,  so  as  to  close  in  the  fore-part  of  the  Sylvian  fossa 
and  form  the  anterior  limlis  of  the  Svlvian  fissure.  They  do  not  begin  to  take  shaiie  until  more 
than  half  of  the  Sylvian  foe«a  has  already  been  closed  by  the  fronto-parietal  and  the  temporal 
opercula.  The  orbital  operculum  appears  first  and  is  much  more  constant  in  its  growth  than 
the  frontal  operculum,  which  indeed  frequently  fails  altogether,  and,  even  when  present,  shows 
the  greatest  aiuoimt  of  variability  in  tlie  degree  to  which  it  is  developed. 

variations  in  the  degree  of  development  of  the  frontal  ojwrculum  influence  greatly  the  form 

S resented  by  the  two  anterior  limbs  of  the  Sylvian  fissure,  lietween  which  it  lies.  When  strongly 
eveloped,  it  separates  the  two  Sylvian  limbs  &om  each  other  to  such  an  extent  that  they  assume 
the  appearance  of  the  letter  U  ;  when  the  frontal  operculum  is  leas  strongly  marked,  the  anterior 
-Sylvian  limlie  may  assume  a  V  form  or  a  Y  form.  In  the  latter  case,  the  orbital  and  the  fronto- 
jiarietal  opercula  meat  below  the  frontal  operculum  to  form  the  stem  of  the  Y.    In  thuee  cases 
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The  late  appearance,  the  slow  growtli,  the  variability  of  these  two  opercuta,  and  oIm  the 
t«iidencf  to  abortive  growth  or  complete  supnresaiou  ot  the  froutal  operculum,  all  bespeak  the 
fact  that,  from  a  phylogenetic  point  of  view,  the  frontal  and  orbital  opercula  are,  comparatively 
speaking,  recent  productions  in  the  evolution  uf  the  human  brain.  In  the  anthropoid  ape  thej 
are  absent,  and,  consequently,  the  fore-part  of  the  island  of  Beil  is  exi>osed  on  the  surface  of  the 
simian  brain.  The  same  condition  is  not  at  all  an  uncommon  occurrence  in  the  brain  of  the 
microcephalic  idiot 

Fissure  of  Rolando  (sulcus  centralis). — The  fieaure  of  Kolando  takes  an  oblique 
course  across  the  outer  convex  surface  of  the  cerebral  hemisphere,  and  intervening 
between  the  frontal  and  parietal  lobes  it  forms  the  immediate  posterior  boundary 
of  the  motor  area  of  the  cortex.     Its  upper  end  cats  the  supero-mesial  border  of 
the  heuiisphere  a  short  distance  behind  the  mid-point  between  the  frontal  and 
occipital  poles,  wliilst  its  lower  end  terminates  above  the  middle  of  the  posterior 
horizontal  limb  of  the  fissure  of  Sylvius.     Its  superior  extremity,  as  a  rule,  turns 
i-ound  the  supero-mesial  border  of  the 
hemisphere,  and  is  then  continued  back- 
wards lor  a  short  distance  on  the  mesial 
surface.     Although,  in  its  general  direc- 
tion, the  fissure  is  oblique,  it  is  very  far 
from  being  straight.     It  takes  a  sinuous 
course  across  the   hemisphere.     This   is 
largely  due  to  the  area  of  cortex  which 
represents  the  motor  centre  lor  the  arm, 
and  which   lies   in  front  of  the  sulcus, 
growing  backwards  in  the  course  of  its 
development  so  as  to  produce  a  bay  in 
°  the  fisaure  within  which  this  portion  of 

the  cortex  is  accommodated.     The  bends 
in  the  fissure  which  indicate  the  upper 
and  lower  limits  of  the  ami  centre  (Griin- 
haum     and     Sherrington)     are     termed 
respectively   the   superior    and    inferior 
genua.      The   angle   which   the   general 
Fi«.  449.-Fisat.RK  ok  Rolando  fillt  opuxKn  op.  direction  of  the  fissure  of  Rolando  makes 
^"cil^tl!'rt'««hill'it  'T^''^'^^       ^''  "ith   the   mesial   plane   is    termed    the 
Bolandic  angle.     In  the  adult  brain  the 
average  Rolandic  angle  is  71°  7',  and  tlie  limits  of  variation  would  appear  to  be  69' 
and  74°. 

When  the  fissure  of  Rolando  is  widely  opened  up,  so  that  its  bottom  and  its  opposed  sides  may 
be  fully  ins|>ected,  it  will  be  seen  that,  between  the  two  genua,  the  two  bounding  convolutions  are 
dovetailed  mto  each  other  by  a  number  of  interlocking  gyri,  which  do  not  appear  on  the  surface 
(Fig.  449).  Further,  two  of  these,  placed  on  opposite  sides  of  the  fissure,  are  frequently  joined 
across  the  bottom  of  the  sulcus  in  the  form  of  a  sunken  bridge  of  connexion,  which  constitutcf 
what  is  termed  a  deep  annectant  gyrns.  The  continuity  of  the  fissure  ia  thus,  to  some  extent, 
interrupted.  This  condition  is  rendered  interesting  when  considered  in  connexion  with  the 
development  of  the  sulcus.  The  deep  interlocking  gyri  indicate  a  great  exuberance  of  cortical 
growth  in  this  situation  in  the  early  stoges  of  the  development  of  the  fissure  ;  and  the  presence  of 
the  deep  annectant  gyms  is  explained  by  the  fact  that  the  fisaure  of  Rolando  generally  develope  in 
■    ■     iacho''       -     '         ■'  ■"  ■ 


o  pieces,  which  run  into  each  other  to  form  the  continuous  sulcus  of  the  adult,  viz.  a  part  cor- 
responding to  the  lower  two-thirds,  and  an  upper  part,  which  represente  the  upper  tniid  and 
which  appears  at  a  slightly  later  date.  In  certain  very  rare  cases  the  fisaure  of  Rolando  is  found  to 
remain  double  throughout  life,  through  a  failure  of  ite  two  pieces  to  unite.  In  such  cases  the  deep 
annectant  gyrus,  which  is  frequently  seen  at  the  bottom  of  the  furrow,  remains  on  the  surfa>«. 
Heschl,  who  exarciined  2174  cerebral  hemisphei-es,  only  found  this  anomaly  sis  times ;  Ebeixlaller 
met  with  it  twice  in  200  brains. 

Parieto-occipital  Fisaare. — A  small  part  of  this  fii^sure  appears  on  the  out«r 
face  of  the  cerebral  hemisphere.  For  the  most  part  it  is  situated  on  the  internal 
surface.  It  is  customary,  therefore,  to  describe  an  external  parieto-occipital  and 
an  internal  parieto-occipital  fissure.  It  m\iBt  he  clearly  understood,  however,  that 
they  are  directly  continuous  with  each  other  round  the  supero-ineaial  border  of  the 
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hemisphere.     The  parieto- occipital   fiasure   intervenes  between  the  parietal  and 
occipital  lobes. 

The  flxtenul  puieto-occipltal  fissure  cuts  the  supero-inesial  border  of  the  hemi- 
Bphere  in  a  traDsverse  direction  at  a 
distance  of  from  one  and  a  half  to  two 
iiiches  in  front  of  the  occipital  pole. 
It  is,  as  a  rule,  not  more  than  about  a 
half  an  inch  loDg,  and  it  is  brought 
to  an  abiupt  termination  by  an  arcliiDg 
coDvolution,  which  winds  round  Its 
extremity  and  receives  the  name  of 
ucns  parieto-occipitalis. 

Tlie  internal  paiieto-occipital  flasnre 
is  carried  downwards  on  the  inner 
surface  of  the  hemisphere  in  a  nearly 
vertical  direction  as  a  conspicuous  and 
deep  cleft.  A  short  distance  behind 
the  hinder  end  of  the  corpus  callosum 
its  lower  extremity  runs  into  the 
calcarine  fissure. 


The 


parieto-otcipitAl  fissure  ia  develoiibii, 
le,  aft«r  the  nianuer  of  a  complele 


Fio.  4S0.  — Lkit  Cekebhal  Hkuisi'HERK.  from  a  foftus  In 
the  early  port  or  llie  Eaventli  month  of  ilcvelopmimt. 
p.c.ii.  3ulciie  pracentrali*  miperiot. 
p,ci.   Sulcus  pneceiitral is  interior, 
r'.        Lower  part  of  RuUnilic  Ussure. 
r^.         Upp«r  |iart  of  Rolandic  llisuri^. 
pi.         Iiiferiur  postcBnlrftl  sulcus  \ 
]>".        Ramiia  horiiatitiliii  |- Intniparietal  fissure. 

11*.         Ramiis  occipitsliH  J 

e  ]i.       Eitemal  perpunilleular  fluure  or  Bischaff, 
Parallel  sulcus. 


Sylvl, 


o-pan 


ml  wall. 


fiasure.  In  the  fetal  brain  it  forma 
erident  infolding  of  the  cerebral  wall  In  'i*"* 
the  adult  braiu,  however,  it  does  not  form  ^' 
any  eminence  on  the  inner  wall  of  the  j/p 
ventricle,  because  it  does  not  extend  down-  t\ 
wards  »»  far  aa  the  cavity.  The  wall  of  the  o. 
ventricle  during  the  growth  of  the  hemi- 
sphere has  thickened  to  such  an  extent  that  the  part 

Collateral  Fissure  (fissura  collateralis). — The  collateral  sulcus  is  a  etrongly- 
marked  fissure  on  the  tentorial  face  of  the  cerebral  hemisphere.  It  begins  near 
the  occipital  pole  and  extends  forwards  towards  the  temporal  pole.  In  its  posterior 
part  it  is  placed  below,  and  parallel  to,  the  calcarine  fissure,  whilst  in  front  it  is 


Drresponding  to  the  fissure  liau  Iwoome  solid. 


H  EH  JSP  HERE. 


separated  from  the  hippocampal  or  dentate  fissure  by  the  liijipocampal  gyrus,  which 
ia  the  innermost  convolution  on  the  tentorial  surface  of  the  hemisphere. 

In  front  of  the  anterior  extremity  of  the  collateral  fissure  a  shallow  sulcus  turns 
round  the  anterior  end  of  the  temporal  lobe,  so  as  to  intervene  between  the  temporal 
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pole  and  the  uncinate  or  hook-like  extremity  of  the  hippocampal  convolution. 
This  is  the  incisura  temporalis,  or  ecto-rhinal  flssure.  The  collateral  fissure  and  the 
incisura  temporalis  intervene  between  the  limbic  and  temporal  lobes. 

The  collateral  fissure  is  developed,  as  a  rule,  in  three  portions — a  hinder  or  occipital,  an 
intermediate,  and  an  anterior  or  temporal  part.  These  ultimately  run  into  each  other  and  form 
the  continuous  fissure.  The  middle  part  is  UBually  a  complete  fissure  and  responsible  for  the 
production  of  the  eminentia  collateralis  posterior  in  the  floor  of  the  trigonum  of  the  lateral 
ventricle ;  the  temporal  part  is  sometimes  a  complete  fissure,  forming  when  it  is  so  the  eminentia 
collateralis  anterior ;  the  occipital  part  is  always  incomplete. 

Galloso-marglnal  Fissure. — This  fissure  is  a  strongly-marked  sulcus  on  the 
fore-part  of  the  mesial  surface  of  the  hemisphere.  It  divides  the  front  portion  of 
the  mesial  surface  into  an  upper  marginal  and  a  lower  callosal  convolution,  and 
intervenes  between  the  frontal  and  limbic  lobes.  Beginning  below  the  fore-end  of 
the  corpus  callosum,  close  to  the  locus  perforatus  anticus,  the  calloso-marginal 
fissure  curves  round  in  front  of  the  genu  of  the  corpus  callosito,  and  then  extends 
backwards  to  a  point  a  short  distance  behind  the  middle  of  the  mesial  surface.  It 
then  turns  upwards  and  cuts  the  supero-mesial  border  of  the  hemisphere,  immed- 
iately behind  the  upper  end  of  the  fissure  of  Eolando.  The  relation  presented  by 
the  two  extremities  of  these  fissures  is  such  that  they  can  both  be  readily  recognised 
either  when  examined  on  the  outer  or  mesial  aspect  of  the  cerebrum. 

The  calloso-marginal  sulcus  is  developed  in  two  or  three  separate  pieces,  which,  aa  growth 
proceeds,  run  into  each  other  and  form  the  continuous  fissure.  Tne  numerous  cases  of  irregular 
arrangement  met  with  in  connexion  with  this  fissui-e  can  generally  be  explained  by  this  iater- 
rupted  mode  of  development. 

Frontal  Lobe. — The  frontal  lobe  is  the  largest  of  the  cerebral  lobes.  On  the 
outer  surface  of  the  hemisphere,  it  is  bounded  behind  by  the  fissure  of  Kolando 
and  below  by  the  posterior  horizontal  limb  of  the  fissure  of  Sylvius.  On  the  mesial 
face  it  is  limited  by  the  calloso-marginal  fissure,  whilst  on  the  inferior  surface  of 
the  hemisphere  the  stem  of  the  Sylvian  fissure  forms  its  posterior  boundary.  It 
presents  an  outer  surface,  a  mesial  surface,  and  an  inferior  or  orbital  surface. 

On  the  outer  surfajce  of  the  fronted  lobe  the  following  sulci  and  gyri  may  be 
recognised : — 


Sulci 


Sulcus  praecentralis  inferior. 
Sulcus  praecentralis  superior. 
Sulcus  paramedialis. 
Sulcus  irontalis  superior. 
Sulcus  frontalis  medius. 
Sulcus  frontalis  inferior. 
Sulcus  diagonalis. 
Sulcus  fronto-marginalia 


Gyri 


Gyrus  frontalis  ascendens  or  gyrus 
centralis  anterior. 

Gyrus  frontaUs  superior    [  P*™  f^F"^'*- 
•^  ^1  pars  inferior. 

Gyrus  frontahs  medius     |P*™  superior. 
•^  Xpars  inferior. 


Gyrus  frontalis  inferior 


rpars  basllarisL 
I  pars  triangiil- 

\aria 
pars  orbitali& 


The  inferior  prsecentral  sulcus  consists  of  a  vertical  and  a  horizontal  part,  and 
when  developed  in  a  typical  manner,  it  presents  a  figure  like  the  letter  T  or  F. 
The  vertical  portion  lies  in  front  of  the  lower  part  of  the  fissure  of  Bolando,  whilst 
the  horizontal  part  extends  obliquely  forwards  and  upwaixis  into  the  middle  frontal 
convolution. 

The  superior  prsdcentral  sulcns  is  a  short  vertical  sulcus  which  lies  at  a  higher 
level  than  the  inferior  prsecentral  furrow,  in  front  of  the  upper  part  of  the  fissure 
of  Eolando.  It  is  almost  invariably  connected  with  the  hinder  end  of  the  superior 
frontal  sulcua 

The  anterior  central  convolution  (ascending  frontal  gyrus)  is  a  long  continuous 
gyrus,  which  is  limited  in  front  by  the  two  pra3central  furrows  and  behind  by 
the  fissure  of  Eolando.  It  extends  obliquely  across  the  hemisphere  from  the 
supero-mesial  margin  above  to  the  posterior  horizontal  limb  of  the  Sylvian  fissure 
below. 

The  superior  frontal  sulcus  extends  forwards  in  a  more  or  less  horizontal  direc- 
tion from  the  sulcus  praecentralis  superior. 

The  gyms  frontalis  superior  is  the  narrow  convolution  between  the  supero-mesial 
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border  of  the  hemisphere  and  the  superior  frontal  sulcus.  It  takes  a  horizontal 
course  to  the  frontal  pole. 

The  inferior  frontal  snlcns  occupies  a  lower  level  than  the  superior  frontal  furrow. 
Its  hinder  end  is  placed  in  the  angle  between  the  vertical  and  horizontal  parts  of 
the  inferior  prsecentral  sulcus,  and  is  not  infrequently  confluent  with  one  or  other 
of  these.  It  proceeds  forwards  towards  the  superciliary  margin  of  the  hemisphere 
and  ends  a  short  distance  from  this  in  a  terminal  bifurcation. 

The  gyms  frontalis  medius  is  the  name  given  to  the  broad  convolution  which 
lies  between  the  superior  and  inferior  frontal  sulci. 

The  gyms  frontalis  inferior  is  that  portion  of  the  outer  surface  of  the  frontal 
lobe  which  is  placed  in  front  of  the  inferior  prsecentral  sulcus  and  below  the  inferior 
frontal  sulcus.  The  inferior  frontal  convolution  is  cut  into  three  pieces  by  two 
anterior  limbs  of  the  Sylvian  fissure.  These  are  termed  the  pars  basilaris,  the  pars 
triangularis,  and  the  pars  orbitalis. 

Tlie  pan  basilaris  is  that  part  which  lies  between  the  vertical  limb  of  the  inferior 
prsecentral  sulcus  and  the  ascending  limb  of  the  Sylvian  fissure.  It  forms  the  anterior 
part  of  the  fronto-parietal  operculum,  and  it  is  traversed  in  an  oblique  direction  by 
a  shallow  but  constant  furrow,  termed  the  sulcus  diagonalis.  The  pars  triangularis  is 
simply  another  name  for  the  frontal  operculum.  It  is  triangular  in  form,  and  lies 
between  the  anterior  ascending  and  the  anterior  horizontal  limbs  of  the  Sylvian 
fissura  The  pars  orbitalis  is  placed  below  the  anterior  horizontal  limb  of  the 
Sylvian  fissure. 

The  inferior  frontal  convolution  possesses  a  special  interest  on  account  of  the  localisation 
within  it,  on  the  left  side,  of  the  speecn  centre.  From  it,  also,  the  front  part  of  the  fronto-parietal 
and  the  whole  of  the  frontal  operculum  are  developed  This  opercular  development  in  connexion 
with  the  inferior  frontal  gyrus  constitutes  a  leading  point  of  difference  between  the  brain  of  man 
and  that  of  the  ape.  Even  in  the  highest  ape  the  inferior  frontal  convolution  is  not  opercular. 
The  frontal  operculum  is  not  present  and  the  anterior  part  of  the  insula  is  exposed  on  the  surface. 
Probably  the  excess  of  growth  which  determines  the  formation  of  the  frontal  operculum  in  man 
has  some  connexion  with  the  development  of  the  speech  centre. 

The  sulcus  paramedians  is  the  term  applied  to  a  series  of  short  irregular  depres- 
sions or  furrows,  arranged  longitudinally,  close  to  the  supero-mesial  border  of  the 
hemisphere.  These  rudimentary  sulci  partially  subdivide  the  superior  frontal  con- 
volution into  an  upper  and  a  lower  part,  and  they  are  of  interest  in  so  far  that  they 
are  not  as  a  rule  developed  in  the  higher  apes,  and  are  deeper  and  better  marked  in 
the  higher  than  the  lower  types  of  human  brain. 

The  sulcus  frontaUs  medius  (Eberstaller)  proceeds  horizontally  forwards  in  the 
forepart  of  the  middle  frontal  convolution,  so  as  to  subdivide  it  into  an  upper  and  a 
lower  part.  When  the  furrow  reaches  the  superciliary  margin  of  the  hemisphere 
it  bifurcates,  and  its  terminal  branches  spread  out  widely  and  constitute  a  trans- 
verse furrow,  called  the  fronto-marginal  sidcus.  The  sulcus  frontalis  medius  is  only 
found  in  man  and  the  anthropoid  apes.     It  is  not  present  in  any  of  the  lower  apes. 

Owing  to  the  subdivision  of  the  superior  and  middle  frontal  convolutions  in  the 
manner  indicated,  the  typical  arrangement  of  the  convolutions  in  the  anterior  part 
of  the  outer  surface  of  the  frontal  lobe  is  in  five  horizontal  tiers,  and  not  in  three 
tiers,  as  formerly  described. 

As  a  rule,  the  sulci  on  the  outer  surface  of  the  frontal  lobe  during  the  process  of  development 
appear  in  the  following  order ;  (1)  sulcus  prsecentralis  inferior ;  (2)  sulcus  frontalis  inferior ; 
(3)  sulcus  praecentralis  superior  and  sulcus  frontalis  superior;  (4)  sulcus  frontalis  medius; 
(5)  sulcus  paramedialis.  This  ffives  some  indication  of  the  relative  morjjhological  importance  of 
these  sulci,  although  it  should  be  borne  in  mind  that  the  period  at  which  sulci  appear  on  the 
foetal  brain  cannot  in  every  case  be  taken  as  affording  an  infallible  guide  in  oiu*  attempts  to 
assign  to  them  their  relative  morphological  value. 

On  the  mesial  aspect  of  the  frontal  lobe  there  is  an  elongated  more  or  less 
continuous  convolution,  called  the  gyniB  marginalis.  It  lies  between  the  supero- 
mesial  margin  of  the  hemisphere  and  the  calloso-marginal  fissure.  In  the  fore-part 
of  this  gyrus  one  or  two  curved  sulci  are  usually  present.  They  are  termed  the 
sulci  rostrales.  The  posterior  part  of  the  marginal  convolution  is  more  or  less 
completely  cut  off  from  the  portion  which  lies  in  front.  This  part  is  called  the 
40 
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paracentral  lobule,  and  into  it  the  upper  end  of  the  fissure  of  Bolando  is  prolonged 

as  it  turns  over  the  supero-mesial  border  of  the  hemisphere. 

On  the  orbital  aspect  of  the  frontal  lobe  there  are  two  sulci,  viz.  the  olfactory 

and  the  orbital. 

The  olfactory  sulcus  is  a  straight  furrow  which  runs  parallel  to  the  mesial  border 

of  the  hemisphere.     It  is  occupied  by  the  olfactory  tract  and  bulb,  and  it  cuts  off  a 

narrow  strip  of  the  orbital  surface  close  to  the  mesial  border,  which  receives  the 

name  of  gryus  rectus. 

The  orbital  sulcus  is  a  composite  furrow  which  assumes  many  different  forms. 

As  a  general  rule  it  presents  a  shape  similar  to  that  of  the  letter  H,  and  is  then 

composed  of  three  parts,  viz.  an  external  limb,  an  internal  limb,  and  a  transverse 

limb.  The  external  limb  (sulcus 
orbitalis  externiis)  curves  round 
the  orbital  part  of  the  inferior 
frontal  convolution,  so  as  to 
limit  it  on  this  aspect  of  the 
brain.  The  internal  limb  (sulcus 
orbitalis  internus)  is  frequently 
broken  up  into  two  pieces.  It 
marks  off"  a  convolution  between 
itself  and  the  olfactory  sulcus, 
called  the  gyrus  orbitalis  in- 
ternus. The  transverse  limb 
(sulcus  orbitalis  transversus) 
takes  a  curved  course  between 
the  internal  and  external  liml>s. 
The  district  in  front  is  termed 
the  gyrus  orbitalis  anterior,  and 
that  behind  the  gyrus  orbitalis 
posterior.  The  latter,  in  its 
outer  part,  corresponds  with  the 
orbital  operculum. 

Parietal  Lobb, — The 
parietal  lobe  forms  a  consider- 
able part  of  the  external  surface 
of  the  cerebral  hemisphere,  and 
it  also  appears  on  the  inner 
surface  in  the  form  of  the  pne- 
cuneus  or  the  quadrate  lobule. 
In  front,  it  is  bounded  by  the 

Fio.  462. — Gtri  and  Sulci  on  the  tentorial  and  orbital  aspects    ggsuro  of  Solando  which  SCpar- 

of  the  cerebral  hemispheres  ^^^    .^    f^^^    the' frontal    lol.e. 

Below,  it  is  limited  in  its  fore-part  by  the  posterior  horizontal  limb  of  the  fissure  of 
Sylvius.  Behind  the  upturned  end  of  this  fissure  the  surface  of  the  parietal  lobe 
is  continuous  inferiorly  with  that  of  the  temporal  lobe,  and  an  arbitrary  line  drawn 
backwards  on  the  surface  of  the  brain,  in  continuation  of  the  horizontal  part  of  the 
posterior  limb  of  the  Sylvian  fissure,  is  taken  as  its  inferior  limit.  Posteriorly,  it 
is  separated  from  the  occipital  lobe  at  the  supero-mesial  border  of  the  hemisphere 
by  the  external  parieto-occipital  fissure.  Below  this  fissure  the  surface  of  the 
parietal  lobe  is  continuous  with  that  of  the  occipital  lobe ;  and  an  arbitrary  line 
drawn  across  the  outer  surface  of  the  hemisphere,  from  the  extremity  of  the  external 
parieto-occipital  fissure  to  an  indentation  on  the  infero-lateral  border  of  the  hemi- 
sphere, termed  the  prsdoccipital  notch,  may  be  regarded  as  furnishing  a  posterior 
limitation. 

The  prieoccipital  notch  is,  as  a  rule,  only  visible  in  brains  that  have  been  hardened  in  titu.  It 
is  placed  on  the  infero-lateral  border  of  the  hemisphere,  about  an  inch  and  a  half  in  front  of  the 
occipital  j)ole,  and  is  produced  by  a  vertical  fold  or  wrinkle  of  the  dura  mater  on  the  deep  asj>ect 
of  the  parieto-mastoia  suture,  and  immediately  above  the  highest  part  of  the  lateral  blood-sinuN 

There  is  great  variability  in  the  degree  to  which  this  fola  of  dura  mater  projects  in  different 
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individuAlB.  In  the  child  it  is  always  very  salient,  and  often  produces  a  deep  cleft  in  the  brain, 
but  as  the  full  size  of  the  cranium  is  gradually  attained  it  becomes  much  less  projecting.  In  the 
young  skull  two  or  three  such  folds  in  this  locality  are  frequently  apparent  Kelated  to  the  pre- 
occipital  notch  there  are  likewise  some  cerebral  veins  which  turn  round  the  infero-lateral  margin 
of  tne  hemisphere  to  join  the  lateral  blood-sinus. 

On  the  mesial  surface  of  the  hemisphere  the  parietal  lobe  is  represented  by 
the  praecnneTis  or  quadrate  lobule.  This  district,  which  is  somewhat  quadrilateral  in 
form,  lies  between  the  upturned  end  of  the  calloso-marginal  sulcus  and  the  internal 
parieto-occipital  fissure.  It  is  imperfectly  separated  below  from  the  limbic  lobe  by 
a  somewhat  variable  furrow  called  the  post-limbic  sulcns. 

The  gyri  and  sulci,  on  the  outer  surface  of  the  parietal  lobe,  are  the  following : — 


Sulci 


( Sulcus  postcentralis 

Sulcus  intrapari-    ^  ,  ^°*^"^/-    ,    ,. 
eUlis  (of  ^ur-^  ^^^^  postcentralis 


ner). 


superior. 
Ramus  horizontalis. 


Ramus  occipitalis. 
Upturned  ends  of — 
(a)  Sylvian  fissure. 
(6)  Parallel  fissure, 
(c)  Second  tempo- 
ral fissure. 


Gyri  " 


f  Gyrus    ascendens    parietalis    or    gyrus 

postcentralis. 
Gyrus  parietalis  superior. 

f  Gyrus  supra- 

marginalis. 

Gyrus  angu- 

laris. 
Gyrus     post- 
parietalis. 


Gyrus  parietalis  inferior 


The  intraparietal  sulcus  (of  Turner)  is  a  composite  furrow,  and  is  built  up 
of  four  originally  distinct  factors.  Two  of  these,  termed  the  sulcus  postcentralis 
inferior  and  the  sulcus  postcentralis  superior,  take  a  more  or  less  oblique  course 
across  the  hemisphere,  and  are  most  frequently  united  into  one  continuous  fissure. 
The  other  two  factors  are  placed  horizontally,  one  behind  the  other,  and  are  termed 
the  ramus  horizontalis  and  the  ramus  occipitalis. 

The  sulcns  postcentraliB  inferior  lies  behind  the  lower  psu:t  of  the  fissure  of 
Bolando,  whilst  the  sulcus  postcentralis  superior  occupies  a  similar  position  in 
relation  to  the  upper  part  of  that  fissure.  When  confluent  they  form  a  long,  con- 
tinuous fissure,  which  stretches  across  the  hemisphere  behind  the  fissure  of  Bolando 
and  parallel  to  it. 

The  ramus  horizontalis  is  continuous,  as  a  rule,  with  the  upper  end  of  the  sulcus 
postcentralis  inferior,  and  extends  backwards,  with  a  slight  inclination  upwards 
between  the  superior  parietal  gyrus,  which  lies  above  it,  and  the  inferior  parietal 
gyrus,  which  is  placed  below  it.  With  the  two  confluent  postcentral  sulci  it 
presents  a  figure  Uke  the  letter  H  placed  on  its  side. 

The  ramus  occipitalis  is  a  curved  sulcus  which  bounds  externally  the  arcus 
parieto-occipitalis,  or,  in  other  words,  the  arching  convolution  which  surrounds  the 
external  parieto-occipital  fissure.  The  ramus  occipitalis  lies  behind  the  ramus 
horizontalis,  and  is  generally  linked  on  to  it ;  less  frequently  it  is  separate.  The 
posterior  end  of  the  ramus  occipitalis  enters  the  occipital  lobe,  and,  behind  the  arcus 
parieto-occipitalis,  bifurcates  into  two  widely  spread-out  branches.  These  form  a 
short  transverse  fissure  in  the  occipital  lobe,  termed  the  sulcus  occipitalis  transversus. 

In  the  human  brain  the  intraparietal  sulcus  is  usually  developed  in  four  separate  pieces, 
corresponding  to  the  four  portions  of  the  fissure  which  have  been  described  as  being  present  in 
the  adult  brain.  The  sulcus  postcentraHs  inferior  appears  first  (somewhere  about  the  end  of  the 
sixth  month),  then  the  ramus  occipitalis  and  the  ramus  horizontalis ;  last  of  all  the  sulcus  post- 
centralis superior  comes  into  view.  The  further  development  of  the  sulcus  consists  in  the 
running  together  of  these  early  pieces.  This  takes  place  in  different  ways,  and  not  infrequently 
union  fails  at  one  or  more  points,  and  thus  a  great  variety  of  combinations  may  be  noted 
in  different  indi^aduals ;  indeed,  it  mav  be  said  that  every  possible  kind  of  combination  may  be 
met  with.  The  most  common  form  which  the  fissure  assumes,  however,  is  that  in  which  all  its 
factors  have  become  confluent  and  one  continuous  furrow  results.  When  such  an  intraparietal 
furrow  is  widely  ojjened  up,  certain  deep  annectant  gyriy  which  cross  the  bottom  of  the  sulcus, 
come  into  view.  These  interrupt  the  sulcus  at  the  points  of  union  between  its  several  pieces  and 
indicate  its  original  multiple  formation. 

There  is  reason  to  believe  that  three  of  the  elements  of  the  human  intraparietal  sulcus,  viz. 
the  sulcus  postcentralis  inferior,  the  ramus  horizontalis,  and  the  ramus  occipitalis,  are  disrupted 
portions  of^  the  primitive  single  continuous  fissure  which  is  seen  in  certain  of  the  lower  apes 
(Cebus),  whilst  one,  the  sulcus  postcentralis  superior,  is  a  superadded  element. 

There  is  a  strong  analogy  between  the  postcentral  sulcus,  the  fissure  of  Rolando,  and  the 
40  a 


564  THE  NEEVOTTS  SYSTEM. 

precentrsl  eulcuB.  They  form  a  group  of  radial  sulci  on  the  outer  aurfiice  of  the  foet«l  cet«brum 
above  the  Sylvian  region.  The  DsBure  of  Bolando  niakea  its  appearance  first,  then  the  prEeceutral 
Btilcus,  and,  lastly,  the  poetcentral  sulcus.  Each  assuraes  sbape  in  the  first  instance  in  two  piwes, 
viz.  an  upper  and  lower.  The  two  pieces  of  the  fisenre  of  Rolando  Join  early,  and  only  in  veiy 
rare  instances  remain  seriate  ;  the  two  pieces  of  the  poetcentral  furrow  usually  join,  out  iu  19 
per  cent  of  cerebral  hemispheres  they  remain  separate  ;  the  two  pieces  of  the  priecentral  furrow, 
aa  a  rule,  remain  separate  and  distinct. 

The  snlciu  tzaOBTAnaB  occipit^u,  or  bifurcated  extremity  of  the  ramus  occipitalis,  has  been 

IpiUl  Buurf 


FlO.  163. — THB   iKiaiPARIITAL  SOLCDS   FCLLY   OFKHID  VF.  Bo  t»  tO  show  Itl  Mienl  puts  Uld  the 

deep  snoectuit  gyii  InlerTBiuDg  between  them. 
p*.  Sulcus  poitceDtrslia  inrerior,  p*.  Rimui  horizoutalii. 

p*.  Sulcus  poateeutmlis  snpetior.  p*.   Ramus  occipitalis. 

until  latelv  generally  believed  to  be  the  representative  in  the  human  brain  of  the  conspicuous 
"  Affenspalte,"  in  the  cerebrum  of  the  ape.  The  accuracy  of  this  view  was  challenged  in  1893 
(Owwingkam  M^noir,  No.  viL  Roy.  Irish  Acad.),  and  recently  Elliot  Smith  has  brought  forwanl 
evidence  of  a  very  convincing  kind  which  seems  t«  show  that  in  the  human  bisin  the  "  Affen- 
spalte  "  is  represented  by  the  sulcus  occipitalis  lateralis  of  Eberstaller. 

The  intraparietal  buIcus  mapa  out  three  districts  or  gyri  on  the  external  surface 
of  the  parietal  lobe,  viz.  the  posterior  central  convolution,  the  superior  pariet^il 
gyrus,  and  the  inferior  parietal  gyrus. 

The  upturned  ends  of  the  fissure  of  Sylvius,  of  the  first  temporal  or  parallel 
sulcus,  and  of  the  second  temporal  sulcus  ascend  for  a  short  distance,  one  behind 
the  other,  into  the  inferior  parietal  gyrus. 

The  posterior  central  coDvoIation  (ascending  parietal  convolution)  is  a  long  gyrus 
which  extends  obhquely  across  the  hemisphere  from  the  supero-meeial  border  above 
to  the  Sylvian  fissure  below.  It  is  bounded  in  front  by  the  fissure  of  Rolando  and 
behind  by  the  superior  and  inferior  postcentral  sulci. 

The  Bnperior  parietal  grnu  is  the  area  of  cerebral  cortex  which  lies  between  the 
supero-mesial  border  of  the  hemisphere  above  and  the  ramus  horizontalis  below.  In 
front  it  is  bounded  by  the  superior  postcentral  sulcus,  whilst  behind  it  is  connected 
with  the  occipital  lobe  by  the  arcus  parieto-occipitalis.  It  is  continuous  round  the 
Bupero-mesial  border  with  the  pnec uncus. 

The  infeiior  parietal  kttus  lies  below  the  ramus  horizontalis  and  the  ramus  occi- 
pitalis and  behind  the  inferior  prtecentrat  sulcua  It  is  more  or  lees  directly  con- 
tinuous with  the  occipital  lobe  behind  and  the  temporal  lobe  below.  From  before 
backwards  it  presents  three  arching  convolutions,  viz.  the  supra-maiginal,  the 
angular,  and  the  postparietal.  The  anpramarginal  convolution  is  bent  round  the 
upturned  end  of  the  posterior  limb  of  the  Sylvian  fissure,  and  stands  in  continuity 
behind  and  below  this,  with  the  first  temporal  gyrus.  The  angular  eoDTolotioii 
arches  over  the  upturned  end  of  the  parallel  sulcus  and  becomes  continuous  with 
the  second  temporal  convolution.  The  postparietal  convolntion  winds  round  the 
upturned  end  of  the  second  temporal  sulcus  and  runs  into  the  third  temporal  gyrus. 

Occipital  Lobe. — The  occipital  lobe  forms  the  hinder  pyramidal  part  of  the 
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cerebral  hemisphere;  aod  although  very  imperfectly  mapped  off  from  the  temporal 
aod  parietal  lobes,  which  lie  in  fioot  of  it,  it  is  nevertheless  one  of  the  most  natural 
subdivisions  of  the  cerebral  hemisphere.  It  is  not  developed  in  the  brain  of  the 
quadruped.  Man  and  the  ape  alone  possess  a  well-marked  occipital  lobe,  and  it 
may  be  defined  as  being  that  part  of  the  hemisphere  which  encloses  the  posterior 
born  of  the  lateral  ventricle.  Being  pyramidal  in  form,  it  presents  three  surfaces 
and  an  apex  or  occipital  pole.  On  the  mesial  aspect  of  the  hemisphere  it  is 
separated  from  the  parietal  lobe  {i.e.  the  prsecuneus)  by  the  internal  parieto-occi- 
pital  fissure.  On  the  tentorial  or  inferior  surface  it  is  not  marked  off  in  any  way 
from  the  temporal  lobe  and  the  limbic  lobe,  which  lie  in  front  of  it.  It  is  necessary, 
therefore,  on  this  aspect  to  employ  an  arbitrary  line  of  demarcation ;  one  which 
extends  from  the  prfeoccipital  notch  on  the  infero-lateral  border  of  the  hemisphere 
to  the  isthmus  of  the  limbic  lobe  {i.e.  the  narrow  part  of  the  limbic  lobe  immedi- 
ately below  the  hinder  end  of  the  corpus  callosum)  will  serve  the  purpose.  On  the 
external  surface  the  external  parieto-occipital  fissure,  and  an  arbitrary  line  from 
this  to  the  preeoccipital  notch,  may  be  regarded  as  separating  the  occipital  from  the 
parietal  and  temporal  lobea  The  upturned  end  of  the  second  temporal  sulcus  may 
lie  in  the  course  of  this  line. 

On  the  mesial  aspect  of  the  occipital  lobe  we  find :  (1)  the  calcarine  fiseure, 
(2)  the  cuneuB,  and  (3)  the  gyrus  lingualis. 

The  calcarine  fissure  begins  on  the  occipital  pole  by  a  bifurcated  extremity, 
which  lies  in  the  groove  which  is  formed  on  this  part  of  the  brain  by  the  lateral 
sinus.  From  this  it  pursues  a  slightly  arched  course  forwards,  and  ends  by  cutting 
into  the  limbic  lobe  immediately  below  the  splenium  or  thickened  hinder  margin  of 
the  corpus  callosum.  The  calcarine  fissure  is  joined  by  the  internal  parieto-occipital 
fissure  at  a  point  somewhat  nearer  its  anterior  than  its  posterior  extremity. 
Together,  the  two  fissures  present  a  -<-3haped  figure.  Between  the  two  limbs  of 
the  Y  is  placed  the  cuneus. 

If  the  calcarine  and  internal  parieto-occipital  fiasurea  are  opened  up  ao  as  to  expose  th« 
bottom  in  each  ca«e,  tbree  well-marked  deep  or  Bubmeiged  annectant  eyri  will  usually  be  dis- 
played.   One  of  these,  the  best  marked,  called  the  gjnx  cnnei,  marks  off  the  parieto-occipital  from 


the  calcarine  fissure  and  joins  the  ciineua  with  the  limbic  lobe.     In  the  chimpanzee  and  in  I 
lower  ap«  the  gynw  cunei  is  on  the  surface,  and  there  is  no  communication  between  the  t 
Gamrea ;  in  the  orang,  gibbon,  and  microcephalic  idiot,  it  may  either  be  submerged  or  on  I 
40& 
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aurbce.  The  Becond  deep  aimectaiit  gyrus,  termed  the  anterior  cunw-Uiiffiial,  croaaea  the  hottom 
of  the  calcarine  fissure  a  short  distance  behind  the  point  where  it  is  joined  by  the  parieto-occi- 
pital  Assure,  and  divides  it  into  an  anterior  and  a  posterior  part  The  anterior  calc&rma  &utin  is 
slightly  longer  and  much  deeper  than  the  posterior  part.  It  includes  the  whole  of  the  stem  of 
the  Y-shaped  fissural  arrangement  and  extends  backwards  for  a  short  distance  into  the  cuneus. 
It  is  the  complete  part  of  the  fissure  and  gives  rise  to  an  elevation  on  the  inner  wall  of  the 
posterior  horn  of  the  lateral  ventricle,  to  which  the  name  of  calcar  avis  or  hippocampus  minor  is 
given.  The  pOBterior  calcarine  flssore  is  shallower  and  is  usually  interrupt»i  by  the  third  deep 
annectant  gyrus,  vii.  the  poaterioi  coneo-lingnal ;  this  divides  it  into  two  parts,  of  which  the 
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1  of  B.  fcetus  spproAching  the  end  of  tlic  Hfth  month  of  deTtlop- 
irebral  hemisphera  of  a  fntua  in  the  begiaaing  at  the  KVeatb 

8.1^  S»ptnni  luoidiini.  c'.     AnUrior  calcarine  fissure. 

II      II  cim'  r?    /'r*"  part*  of  posterior  celoarine  flaeore. 

g.A.  Gyrus  dentatus,  c.a.    Anterior  collateral  fissure. 

p.o.  Parieto- occipital  Hssu re.  cm.  Uid-collateral  fissure. 

liinder  is  little  more  than  the  bifurcated  extremity  of  the  fissure.  Very  frequently  this  dtvp 
gyrus  reaches  the  surface,  and  then  the  hinder  end  of  the  sulcus  is  completely  cut  off.  The 
posterior  calcarine  fissure  is  not  a  complete  fissure. 

When  the  manner  in  which  the  calcarine  fissure  is  developed  is  studied,  the  various  appear- 
ances which  come  into  view  when  the  bottom  of  the  adult  fissure  is  inspected  receive  the  fulK'st 
explanation.  The  anterior  calcarine  fissure  is  formed  very  early  as  an  infolding  of  the  wall  of 
the  cerebral  hemiaphere.  The  posterior  calcarine  fissure  is  a  aecondarj^  formatiorL  It  appears 
much  later,  and  usually  in  two  pieces,  which  run  together  and  then  join  the  anterior  calcitrine 
fissure.     The  points  of  union  are  indicated  in  the  adult  by  the  two  cimeo-Hngual  deep  gyrL 

The  cimetis  Ib  the  wedge-shaped  or  triangular  district,  on  the  mesial  aspect  of 
the  occipital  lobe,  which  lies  between  the  internal  parieto-occipital  and  calcarine 
fissures. 

The  grroB  lingnalig  is  a  well-marked  convolution  between  the  calcarine  fi.ssure 
above  and  the  posterior  part  of  the  collateral  lisaure  below,  which  atretclies 
forwards  from  the  occipital  pole.  Anteriorly,  it  becomes  very  narrow  and  joins 
tbe  hippocampal  part  of  the  limbic  lobe.  It  lies  partly  on  the  mesial  surface  and 
partly  on  the  tentorial  surface  of  the  occipital  lob& 

On  the  tentorial  surface  of  the  occipital  lobe  there  is  only  one  convolution, 
viz.  the  posterior  part  of  tbe  occipito -temporal  gyma.  It  proceeds  continuously 
forwards  into  the  temporal  lobe  on  the  outer  side  of  the  collateral  fissure,  and  is 
bounded  externally  by  the  occipito-temporal  sulcus,  a  furrow  which  is  rarely  con- 
tinuous, but  is  usually  represented  by  a  series  of  detached  pieces. 

There  are  two  well-marked  sulci  on  tbe  external  surface  of  the  occipital  lobe, 
viz.  the  sulcus  occipitalis  transversus  and  the  sulcus  occipitalis  lateralis.  The  sqIcob 
occipitalis  transrerBiiB  extends  transversely  across  the  upper  part  of  the  lobe,  behind 
the  arcus  parieto-occipitalis.  As  already  explained,  it  is  the  terminal  bifurcation  of 
the  ramus  occipitalis  of  the  intraparietal  sulcus.  The  sulcna  occipitalis  lat«r&Ua  is 
a  short  horizontal,  often  sharply-curved,  furrow,  which  divides  the  outer  surface  of 
the  lobe  into  an  upper  and  a  lower  area  of  very  nearly  equal  extent.  These  areas 
are  connected  by  superficial  annectant  gyri  with  tbe  parietal  and  temporal  lobea 

Elliot  Smith  has  brought  forward  very  couviiicing  proof  in  favour  of  regarding  tlic 
sulcus  occipitaUs  lateralis  as  the  representative  of  the  "  Affenspalte  "  in  the  brain  of  the 


TEMPOEAL  LOBR  567 

ape.  He  calls  it  the  salens  Innatns  occipitalis,  and  shows  that  in  the  brains  of  Egyptian 
Fellaheen  it  not  infrequently  possesses  an  operculum,  and  presents  an  appearance  which 
closely  corresponds  with  the  condition  distinctive  of  the  gorilla.  The  same  may  occasion- 
ally be  seen  in  the  brain  of  the  aboriginal  Australian. 

Temporal  Lobe. — The  temporal  lobe  lies  behind  the  stem  and  below  the 
posterior  horizontal  limb  of  the  Sylvian  fissure.  It  is  somewhat  pyramidal  in  form, 
and  presents  an  upper,  an  outer,  and  a  tentorial  surface,  with  a  free  projecting  apex 
or  pole.  Above,  it  is  bounded  by  the  posterior  horizontal  Umb  of  the  fissure  of 
Sylvius,  together  with  the  artificial  line  which  is  drawn  backwards  from  this.  On 
the  tentorial  face  it  is  separated  from  the  hippocampal  part  of  the  limbic  lobe  by 
the  collateral  fissure,  whilst  behind  it  is  marked  off  from  the  occipital  lobe  by  the 
artificial  lines  already  described.  The  temporal  pole  projects  forwards  on  the  under 
surface  of  the  brain  beyond  the  stem  of  the  Sylvian  fissure.  It  should  be  noticed 
that  the  recurved  end  of  the  hippocampal  part  of  the  limbic  lobe  (uncus),  which  lies 
to  the  inner  side  of  the  temporal  pole,  does  not  extend  so  far  forwards  as  the  latter, 
and  is  separated  from  the  pole  by  the  incisura  temporalis  or  ecto-rhinal  fissure. 

The  upper  or  opercular  surface  of  the  temporal  lobe  is  turned  towards  the 
island  of  Eeil  and  the  fronto- parietal  operculum.  The  fissure  of  Sylvius  must, 
therefore,  be  widely  opened  up  to  expose  it.  For  the  most  part  the  surface  is 
smooth,  but  towards  the  back  part  there  are  a  faw  transverse  furrows,  which 
separate  two  or  three  weakly-expressed  gyri. 

The  anterior  transverse  gyrus  is  much  more  strongly  expressed  in  the  fcetal  than  in  the  adult 
brain.  It  appears  in  the  early  part  of  the  seventh  month,  and  is  onlv  subsequently  completely 
hidden  within  the  Sylvian  fissure.  The  fact  of  the  auditory  centre  being  localised  in  this  region 
of  the  temporal  lobe  makes  this  fact  of  interest 

On  the  deep  surface  of  the  temporal  pole  there  are  also  a  few  feeble  furrows. 

On  the  outer  surface  of  the  temporal'  lobe  there  are  two  horizontal  sulci,  called 
respectively  the  first  temporal  or  parallel  and  the  second  temporal  sulcus. 

The  parallel  sulcus  is  a  long,  continuous,  and  deep  fissure,  which  begins  near  the 
temporal  pole  and  proceeds  backwards  below  the  posterior  limb  of  the  Sylvian 
fissure.  Its  hinder  end  turns  upwards  into  the  parietal  lobe  and  is  surrounded  by 
the  angular  gyrus.  The  second  temporal  sulcus  is  placed  midway  between  the 
parallel  sulcus  and  the  infero-lateral  border  of  the  hemisphere.  It  is  very  rare  to 
find  it  in  the  form  of  a  continuous  cleft;  usually  it  is  broken  up  into  several 
isolated  pieces,  one  behind  the  other.  Its  hinder  part,  which  turns  upwards  into 
the  parietal  lobe,  lies  close  to  the  artificial  line  of  demarcation  between  the  occipital 
and  parietal  lobes,  and  is  surrounded  by  the  postparietal  gyrus. 

By  the  two  temporal  sulci  the  outer  surface  of  the  temporal  lobe  is  mapped  out 
into  three  tiers  of  horizontal  convolutions,  which  are  termed  the  first,  second,  and 
third  temporal  gyrL 

On  the  tentorial  surface  of  the  temporal  lobe  there  is  one  fissure,  termed  the 
occipito-temporal  sulcua  The  occipito-temporal  sulcus  lies  to  the  outer  side  of  the 
collateral  fissure  and  close  to  the  infero-lateral  margin  of  the  hemisphere.  It  runs 
in  an  antero- posterior  direction,  and  is  not  confined  to  the  temporal  lobe,  but 
extends  backwards  towards  the  occipital  pole.  It  is  usually  broken  up  into  two 
or  more  separate  pieces. 

The  occipito-temporal  convolution  is  situated  between  the  collateral  fissure  and 
the  occipito-temporal  sulcus.  It  extends  from  the  occipital  pole  behind  to  the 
temporal  pole  in  front. 

The  narrow  strip  of  surface  on  the  outer  side  of  the  occipito-temporal  sulcus  is 
continuous,  round  the  infero-lateral  margin  of  the  hemisphere,  with  the  third 
temporal  convolution  on  the  outer  surface  of  the  cerebrum,  and  may  be  reckoned 
as  a  part  of  it. 

The  three  temporal  convolutions  and  the  occipito-temporal  convolutions  run 
into  each  other  at  the  temporal  pole. 

Island  of  Eeil  or  Insula. — The  insula  is  a  triangular  and  somewhat  bulging 
field  of  cerebral  cortex,  which  lies  on  a  deeper  plane  than  the  general  surface  of  the 
hemisphere  and  is  hidden  from  view  by  the  four  opercula  which  overlap  it.  It  is 
circumscribed  by  a  limiting  sulcus  (sulcus  circularis),  already  described,  and  its 
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dependent  apical  part,  which  ie  directed  downwards,  is  in  close  relation  to  the 
anterior  perforated  spot  and  the  Sylvian  vallecula.  Here  the  limiting  sulcus  is 
absent  and  the  gray  matter  on  the  surface  of  the  insula  passes  continuously  into 
the  anterior  perforated  spot.     The  place  of  transition  is  called  the  limen  insuUe. 

The  insula  is  divided  into  several  diverging  convolutions  by  a  series  of  radiating 
sulci.  Of  the  latter,  one,  which  presents  the  same  direction  and  lies  in  the  same 
plane  as  the  fissure  of  Eolando,  receives  the  name  of  the  suIcub  centraliB  iiifiiiltt 
(Fig.  447,  C,  p.  557).  It  divides  the  insula  into  an  anterior  frontal  part  and  a 
posterior  parieto-limbic  part. 

Limbic  Lobe. — This  lobe  is  seen  on  the  mesial  surface  of  the  hemisphere  in  the 
form  of  an  elongated  ring -like  convolution,  the  extremities  of  which  approach 
closely  to  each  other  at  the  locus  perforatus  anticus.  These  extremities  are  con- 
nected by  the  roots  of  the  olfactory  tract,  and  in  this  manner  the  limbic  ring  may 
be  considered  to  be  closed.  The  upper  part  of  the  limbic  lobe  is  placed  in  intimate 
relation  to  the  extremities  and  upper  surface  of  the  corpus  callosum,  and  receives 
the  name  of  callosal  convolution  or  gyrus  fomicatus.  The  lower  portion  of  the 
lobe  is  termed  the  hippocampal  convolution  and  forms  the  inner  part  of  the 
tentorial  surface  of  the  hemisphere.  The  continuity  between  the  hippocampal 
gyrus  and  the  callosal  convolution  is  established  below  the  hinder  end  of  the  corpus 
callosum  by  a  narrow  portion  of  the  limbic  lobe,  called  the  isthmus.  From  this 
point  the  hippocampal  convolution  extends  forwards  towards  the  temporal  pole. 
Finally,  on  the  side  of  the  crus  cerebri,  the  hippocampal  gyrus  is  fold^  back  on 
itself  and  ends  in  a  recurved  hook-like  extremity  called  the  imcus.  The  uncus  does 
not  reach  so  far  forwards  as  the  temporal  pole. 

The  callosal  convolation  begins  below  the  anterior  end  of  the  corpus  callosum  at 
the  locus  perforatus  anticus,  and,  winding  round  the  genu  of  the  corpus  callosum,  it 
is  continued  backwards  on  its  upper  surface  to  its  hinder  thickened  extremity  or 
splenium.  Curving  round  this,  it  becomes  greatly  narrowed  through  the  calcarine 
fissure  cutting  into  it.  This  narrow  part  is  termed  the  isthmuB,  and  constitutes  the 
link  of  connexion  between  the  callosal  gyrus  and  the  hippocampal  gyrus.  The 
callosal  gyrus  is  separated  from  the  marginal  convolution  by  the  calloso-marginal 
fissure,  and  behind  this  it  is  imperfectly  marked  ofif  from  the  prsecuneus  by  the 
post-limbic  sulcus.  The  furrow  which  separates  it  from  the  corpus  callosum  is 
termed  the  callosal  boIcub. 

The  hippocampal  convolution  is  bounded  on  the  outer  side  by  the  anterior  part 
of  the  collateral  fissure,  and  in  front  of  this  by  the  incisura  temporalis,  which 
separates  its  hooked  extremity,  or  uncus,  from  the  temporal  pole.  On  the  inner  side 
it  is  limited  by  the  hippocampal  or  dentate  fissure,  whilst  posteriorly  it  is  divided 
into  two  parts  by  the  anterior  extremity  of  the  calcarine  fissure.  Of  these,  the 
upper  is  the  isthmus,  which  connects  it  with  the  callosal  gyrus,  whilst  the  lower 
portion  brings  it  into  continuity  with  the  gyrus  lingualis.  The  surface  of  the 
hippocampal  convolution  is  covered  by  a  white  reticular  stratum  of  fibres,  termed 
the  substantia  reticularis  alba. 

Although  the  hippocampal  convolution  and  uncus  in  descriptive  anatomy  are  classed  together 
there  is  a  marked  morphological  distinction  between  them.  The  uncus  is  the  feeble  representative 
in  man  of  the  important  pyriform  lobe  in  certain  of  the  lower  mammals,  and  consequently  it 
belongs  to  the  rhinencephal^ ;  the  hippocampal  convolution,  on  the  other  hand,  is  to  be  regarded 
as  forming  a  part  of  the  neo-pallium  of  Elliot  Smith.  The  unimportant  incisura  temporalis  of 
the  human  brain  in  lower  types  of  brain  in  which  the  rhinencephalon  bulks  largely  is  represented 
by  the  conspicuous  ecto-rhinal  fissure, 

Oyros  DentatUB  and  the  Fimbria. — If  the  dentate  fissure,  which  lies  along 
the  inner  side  of  the  hippocampal  convolution,  be  opened  up,  the  gyrus  dentatus 
and  the  fimbria,  lying  side  by  side,  will  be  brought  into  view  (Fig.  451,  p.  559). 

The  fimbria  is  simply  a  portion  of  the  posterior  pillar  of  the  fornix  prolonged 
into  this  region.  It  is  a  conspicuous  band  of  white  matter,  which  presents  a 
prominent  free  border.  In  front  it  runs  into  the  recurved  extremity  of  the  uncus, 
whilst,  if  traced  backwards,  it  will  be  seen  to  curve  upwards  behind  the  posterior 
end  of  the  optic  thalamus  and  become  continuous  with  the  posterior  pillar  of  the 
fornix  below  the  hinder  part  of  the  corpus  callosum. 
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The  gyrus  deatatiu  ia  the  fiee  edge  of  gray  matter  which  is  placed  between  the 
limbria  and  the  deep  part  of  the  upper  aur&ce  of  the  hippocampal  convolution. 
The  groove  between  it  and  the  fimbria  is  termed  the  flmbrto-dentate  Balcoa,  whilst 
the  furrow  between  it  and  the  hippocampal  convolution  forms  the  bottom  of  the 
dantate  flamiie.  The  dentate  gyrus  is  notched  along  the  margin,  whilst  Ite  surface 
is  scored  by  numerous  parallel  and  closely-placed  trausverse  grooves.  It  begins 
behind  in  the  region  of  the  splenium  or  thickened  posterior  margin  of  the  corpus 
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callosum,  and  ia  carried  forwards  into  the  cleft  of  the  uncus.  From  this  it  emerges 
in  the  form  of  a  delicate  band,  which  crosses  the  surface  of  the  recurved  part  of  the 
uncus  in  a  transverse  direction,  thereby  constituting  the/Tenuium  Giacomini. 

The  dentate  flssnre  is  a  complete  fissure,  and  the  elevation  on  the  ventricular 
wall  which  eorreaponda  to  it  is  called  the  hippocampua  major.  It  begins  behind 
the  splenium  of  the  corpus  callosum,  where  it  is  continuous  with  a  shallow  part  of 
the  callosal  fissure,  and  it  proceeds  forwards  between  the  gyrua  dentatua  and  the 
hippocampal  convolution.     Its  anterior  end  is  enclosed  within  the  uncus. 


When  coronal  wctions  are  made  throueb  the  callosal  part  of  the  limbic  lobe  and  the  subjacent 
corpus  calloeum,  the  cortical  gray  matter  ib  seen  to  be  reflected  from  the  bottom  of  the  callosal 
fissure  in  the  form  of  an  exceedingly  fine  layer,  which  forms  a  thin  coating  for  the  upper  surface 
of  the  corpus  calloeum.  In  the  midst  of  this  certain  delicate  strands  of  longitudinal  fibres,  the 
Itriw  longitadiiialM,  are  embedded,  and,  with  the  gray  matter  associated  with  them,  they  re- 
pr&*iit  an  aborted  or  vestigial  convolution,  termed  the  Kjmu  iDpracallDius.  This  gyrus  is  con- 
tinuous with  the  gyrus  dcntatus  round  the  hinder  margin  of  the  corpus  callosum. 

Olfactory  Lobe. — The  olfactory  lobe  is  small  and  rudimentary  in  the  human 
brain,  and  the  description  which  is  given  here  does  not  include  all  the  parts  which, 
from  the  morphological  point  of  view,  belong  to  thia  portion  of  the  cerebral  hemi- 
sphere (see  p.  584).  Under  thia  heading  we  shall  study  merely:  (1)  the  olfactory 
bulb  and  tract,  with  the  two  roots  of  the  latter;  (2)  the  trigouum  olfactoriuni. 

The  ol&M:toi7  tract  ia  a  narrow,  white,  prismatic  band,  which  expands  anteriorly 
into  a  swollen  bulbous  extremity,  termtd  the  olfactory  bulb.  Both  the  tract  and 
the  bulb  lie  upon  the  olfactory  sulcus  on  the  orbital  surface  of  the  frontal  lobe. 
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whilst  the  interior  surface  of  the  bulb  rests  on  the  crihriform  plate  of  the  ethmoid 
bone,  and  receives  the  numerous  olfactory  nerves  which  reach  it  through  the  foramina 
in  that  part  of  the  cranial  floor. 

Posteriorly,  the  olfactory  tract  divides  into  two  divei^ng  roots.  The  mesial 
root  curves  abruptly  inwards  and  is  continued  into  the  callosal  and  sub-callosal 
gyri.  The  lateral  root  runs  outwards  and  backwards  over  the  outer  part  of  the 
locus  perforatus  anticus,  and  gradually  disappears  from  view.  In  animals,  in 
which  the  olfactory  apparatus  is  better  developed  tlian  in  man,  it  may  be  traced 
into  what  corresponds  to  the  uncinate  extremity  of  the  hippocanipal  convolution 
in  man  (Fig.  380,  p.  474). 

The  trigonum  olfactohum  or  olfactory  tubercle  is  the  small  triangular  field  of 
gray  matter  which  occupies  the  interviil  between  the  roots  of  the  olfactory  tract 
at  the  point  where  they  Legin  to  diverge.  Some  filjres  from  the  posterior  end  of 
the  olfactory  tract  enter  the  trigonuui,  and,  in  certain  cases,  these  constitute  a 
more  or  less  distinct  middle  root. 

UoKPua  CALLO30M,  Skptdm  Lucidhm,  and  Fobnix. 

Corpus  CaUoBom. — The  corpus  callosum  is  the  great  transverse  commiasuie 
which  passes  between  the  two  cerebral  hemispheres.     It  is  placed  nearer  the  anterior 
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to  sbow  the  coi 

than  the  posterior  aspect  of  the  brain,  and  it  unites  the  inner  surfaces  of  the  hemi- 
Hplierea  throughout  very  nearly  a  half  of  their  antero-posterior  length.  The  corpus 
callosum  is  highly  arched  from  before  backwanls,  and  presents  a  convex  upper 
aurface  and  a  concave  lower  surface. 
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The  upper  mir/ace  of  the  corpus  callosum  forms  the  bottom  of  the  great  longi- 
tudinal fissure,  and  on  each  side  of  this  it  is  covered  by  the  callosal  gyrus.  Only 
in  its  posterior  part  is  it  touched  by  the  falx  cerebri ;  in  front,  this  process  of  dura 
mater  falls  considerably  short  of  it.  The  upper  surface  of  the  callosum  is  covered 
by  a  thin  layer  of  gray  matter  continuous  at  the  bottom  of  the  callosal  sulcus  with 
the  gray  cortex  on  the  surface  of  the  hemisphere.  In  this  there  are  embedded  on 
either  side  of  the  mesial  plane  two  delicate  longitudinal  bands  of  fibres,  called 
respectively  the  stria  longitudinalis  medialis  and  lateralis.  The  stria  longitudinalis 
medialifl  is  the  more  strongly  marked  of  the  two,  and  it  is  separated  from  its  neigh- 
bour of  the  opposite  side  by  a  faint  mesial  furrow.  The  stria  longitadinalis  lateralis 
is  placed  farther  out,  under  cover  of  the  callosal  gyrus.  The  thin  coating  of  gray 
matter,  with  the  two  striae,  represents  an  aborted  convolution,  termed  the  gyrus 
Bnpracallosus.  So  thin  is  the  gray  coating  supplied  by  this  gyrus  that  the  trans- 
verse direction  pursued  by  the  callosal  fibres  proper  can  be  easily  perceived 
through  it. 

The  two  extremities  of  the  corpus  callosum  are  much  thickened,  whilst  the 
intermediate  part  or  body  is  considerably  thinner.  The  massive  posterior  end, 
which  is  full  and  rounded,  lies  over  the  mesencephalon  and  extends  backwards  as 
far  as  the  highest  point  of  the  cerebellum.  It  is  called  the  splenium,  and  it  consists 
of  an  upper  and  a  lower  part.  The  latter  is  bent  forwards  under  the  upper  part,  to 
the  inferior  surfaxje  of  which  it  is  closely  applied.  The  anterior  end  of  the  corpus 
callosum  is  not  quite  so  massive  and  is  folded  downwards  and  backwards  on  itself. 
It  is  termed  the  genu.  The  recurved  lower  part  of  the  genu  is  separated  from  the 
part  of  the  corpus  callosum,  which  lies  above,  by  an  interval.  It  rapidly  thins  as 
it  passes  backwards  and  receives  the  name  of  the  rostrum.  The  fine  terminal  edge 
of  the  rostrum  becomes  connected  with  the  lamina  cinerea. 

The  gyrus  supracallosus,  with  its  contained  medial  and  lateral  longitudinal  striae,  when  traced 
backwaras,  is  seen  to  turn  round  the  splenium  and  become  continuona  with  the  gyrus  dentatus. 
In  front  the  mesial  stria?,  with  the  asflociated  gray  matter,  are  carried  round  the  genu  and  then 
backwards  on  the  under  surface  of  the  rostrum.  As  they  turn  round  the  anterior  extremity  of 
the  corpus  callosum,  each  stria  runs  into  the  corresponding  gyms  sabcallosus — a  narrow  cortical 
strip  which  lies  on  the  mesial  surface  of  the  hemisphere  immediately  below  the  genu  of  the 
corpus  callosum.  The  gyrus  subcallosus  is  often  callea  the  peduncle  of  the  corpus  callosum,  and 
the  fibres  of  the  stria  which  it  contains,  emerging  from  its  substance,  proceed  backwards  and 
outwards  along  the  posterior  limit  of  the  anterior  perforated  spot  towards  the  anterior  extremity 
of  the  temporal  lobe.  Elliot  Smith  has  shown  that  these  parts  have  an  important  morphological 
significance. 

The  under  surface  of  the  corpus  callosum  on  either  side  of  the  mesial  plane  is 
for  the  most  part  free,  and,  lined  by  ependyma,  it  forms  the  roof  of  the  anterior 
horn  and  body  of  the  lateral  ventricle.  In  the  mesial  plane,  however,  it  is  attached 
to  subjacent  parts,  viz.  to  the  septum  lucidum  in  front  and  to  the  body  of  the 
fornix  behind. 

The  transverse  fibres  of  the  corpus  callosum,  as  they  enter  the  white  medullary 
centre  of  the  cerebral  hemisphere,  radiate  from  each  other  so  as  to  reach  every  part 
of  the  cerebral  cortex.  This  radiation  is  termed  the  radiatio  corporis  callosi  and 
the  fibres  which  compose  it  intersect  the  fibres  which  form  the  corona  radiata,  or,  in 
other  woids,  the  fibres  which  extend  between  the  iuternal  capsule  and  the  cerebral 
cortex  (Figs.  440,  p.  547 ;  and  468,  p.  582).  The  more  anterior  of  the  fibres  which 
compose  the  genu  of  the  corpus  callosum  sweep  forwards  in  a  series  of  curves  into 
the  prefrontal  region  of  the  hemisphere.  A  large  part  of  the  splenium,  forming  a 
solid  bundle  termed  the  forceps  major,  bends  suddenly  and  abruptly  backwards 
into  the  occipital  lobe  (Fig.  463,  p.  577).  Fibres  from  the  body  and  upper  part 
of  the  splenium,  curving  round  the  lateral  ventricle,  form  a  very  definite  stratum, 
called  the  tapetum.  This  is  a  thin  layer  in  the  medullary  centre  of  the  hemisphere, 
which  constitutes  the  immediate  roof  and  outer  wall  of  the  posterior  horn  and  the 
outer  wall  of  the  hinder  part  of  the  descending  horn  of  the  lateral  ventricle.  In 
coronal  sections  through  the  occipital  and  hinder  temporal  regions  the  tapetum 
stands  out  very  distinctly  (Figs.  456,  p.  569 ;  462,  p.  576 ;  and  465,  p.  579). 

Fornix. — The  fornix  is  an  arched  bilateral  structure  composed,  for  the  most 
part,  of  longitudinally-directed  fibres.     In  its  intermediate  part  its  two  lateral 
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halves  are  joined  together  in  the  mesial  plane,  and  form  what  is  called  the  body  of 
the  fornix ;  but  in  front  and  behind  they  are  quite  separate,  and  constitute  the 
anterior  and  posterior  pillars  of  the  fornix. 

The  body  of  the*  fornix  is  triangular  in  form.  In  front,  where  it  is  continuous 
with  the  anterior  pillars,  it  is  narrow ;  whilst  behind  it  broadens  out,  becomes 
flattened,  and  is  finally  prolonged  into  the  posterior  pillars.  The  upper  surface  of 
the  body  of  the  fornix  is  in  contact  with  the  under  surface  of  the  hinder  part  of 
the  body  of  the  corpus  callosum,  and  posteriorly  is  adherent  to  it.  In  front  of  this 
adhesion,  and  in  the  mesial  plane,  it  is  attached  to  the  septum  lucidum.     Beyond 

these  attachments,  on  each  side,  the  upper  surface 

*^°™ilS!iro    yy^ — ^^^^  of  the  body  of  the  fornix  forms  a  part  of  the 

Anterior  If               y\  floor  of  the  lateral  ventricle  and  is  clothed  by 

commiMure  \\ \    y^. U  Bimmeof^^   ^he  lining  cpcndyma.     It  presents  a  sharp  lateral 

edge  or  margin,  from  under  which  the  choroid 
plexus  projects  into  the  cavity  of  the  lateral 
ventricle   and   with   which   the  epithelial   layer 

Pig.  458.-DIAORAMMATIO  Profile  Vibw  ^hich  covers  that  plexus  is  continuous.  The 
OP  THE  Fornix.  lower  surface  of  the   body   of  the  fornix   rests 

upon  the  velum  interpositum,  which  separates 
it  from  the  roof  of  the  third  ventricle  and  the  upper  surface  of  the  optic  thalamL 
It  is  not  at  all  an  uncommon  occurrence  to  find  the  two  lateral  portions  of  the 
body  of  the  fornix  of  unequal  size  (Fig.  461,  p.  575). 

The  anterior  pillars  of  the  fornix  (columnse  fornicis)  are  two  rounded  strands 
which  emerge  from  the  anterior  part  of  the  body  of  the  fornix,  and  then  diverge 
very  slightly  from  each  other  as  they  curve  downwards  in  front  of  the  foramina  of 
Monro.  Sinking  into  the  gray  matter  on  the  lateral  wall  of  the  third  ventricle, 
each  anterior  pillar  proceeds  downwards  to  the  base  of  the  brain,  and  in  the  inter- 
peduncular space  protrudes,  to  take  part  in  the  formation  of  the  corpus  mammiUare. 
When  the  corpus  mammiUare  is  dissected  it  appears  to  be  largely  formed  of  a 
twisted  loop  of  the  anterior  pillar  of  the  fornix,  in  which  the  pillar  bends  upon 
itself,  and  is  then  continued  upwards  and  backwards  into  the  optic  thalamus. 
This  appearance,  however,  is  misleading.  The  fibres  of  the  anterior  pillar  end  in 
the  gray  nucleus  of  the  corpus  mammillare,  and  the  strand  which  passes  from  this 
to  the  thalamus  is  the  bundle  of  Vicq  d'Azyr  (p.  548). 

The  posterior  pillars  of  the  fornix  (crura  fornicis)  are  flattened  bands  which 
diverge  widely  from  each  other.  At  first  they  are  adherent  to  the  under  surface 
of  the  corpus  callosum,  but  soon  they  sweep  downwards  round  the  posterior  ends  of 
the  optic  thalami  and  enter  the  descending  horns  of  the  lateral  ventriclea  Here 
each  pillar  comes  into  relation  with  the  corresponding  hippocampus  major,  and  a 
portion  of  its  fibres  are  spread  out  on  the  surface  of  this  prominence,  thereby 
giving  it  a  white  coating  termed  the  alvens,  whilst  the  remainder  of  the  fibres 
constitute  the  fimbria  or  t»nia  fomiciB — a  narrow  but  very  distinct  band  of  white 
matter,  which  is  attached  by  its  outer  margin  along  the  inner  border  of  the 
hippocampus  major  and  ends  in  front  by  joining  the  uncus  (p.  568). 

A  certain  number  of  transverse  fibres  enter  into  the  formation  of  the  fornix. 
The  diverging  posterior  pillars  enclose  between  them  a  small  triangular  space  on 
the  under  surface  of  the  hinder  part  of  the  corpus  callosum.  This  area  is  crossed 
by  transverse  fibres,  which  form  a  thin  lamina  called  the  psalterium  or  lyra.  Some- 
times  the  psalterium  is  not  completely  fused  to  the  under  surface  of  the  corpus 
callosum,  and  in  these  cases  a  narrow  space  is  left  between  them,  which  receives  the 
name  of  Verga's  ventricle. 

The  fornix  is  intimately  connected  with  the  olfactory  apparatus.  Its  fibres  for  the  most  part, 
arise  from  the  pyramidal  cells  in  the  comu  ammonia  or  hippocampus  major  and  ascend  in  the 
fimbria  and  posterior  pillar.     In  the  region  of  the  psalterium  numerous  fibres  cross  the  mesial 

?lane,  enter  the  opposite  posterior  pillar,  and  in  it  proceed  to  the  opposite  comu  ammonia 
'hese  fibres  constitute  a  commissure  between  the  two  comua  ammonisL  The  remainder  of  the 
fibres  proceed  forwards  in  the  body  of  the  fornix,  and  by  means  of  the  anterior  pillar  the 
majority  of  the  fibres  are  carried  aownwards,  behind  the  anterior  commissure,  to  tne  corpus 
mammillare.  Some,  however,  curve  backwards  into  the  stria  medullaris  (p.  648) ;  whilst  others, 
forming  the  olfactory  bundle  of  the  coma  ammonis,  pass  in  front  of  the  anterior  commissure  and 
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enter  the  septum  lucidum,  through  which  they  reach  the  Bubcalloeal  gyrus  and  the  locus  per- 
foratus  anticua  Finally,  this  bundle  divides  into  two  parts,  of  which  one  joins  the  inner  root  of 
the  olfactory  tract,  whilst  the  other  goes  to  the  uncus. 

The  greater  number  of  the  loncitudinal  fibres  of  the  fornix  must,  therefore,  be  regarded  as 
establishing  a  connexion  between  the  comu  ammonis  and  the  optic  thalamus.  The  inner  portion 
of  the  composite  nucleus  of  the  corpus  mammillare  is  an  intemode  interposed  in  the  path  of  this 
connecting  tract  The  bimdle  of  Vicq  d^Azyr,  formed  by  the  relay  of  fabres  which  takes  origin 
in  this,  intemode,  forms  the  second  link  in  the  chain. 

The  striae  longitudinales  in  the  gyrus  supracalloeus  on  the  upper  surface  of  the  corpus 
calloBum  are  to  be  regarded,  from  a  morphological  point  of  view,  as  forming  an  outlying  part  of 
the  fornix  system. 

There  can  be  little  doubt  that  the  gyrus  supracalloeus  represents  a  wasted  portion  of  the 
hippocampus  formation.  In  monotremes  and  marsupials  the  hippocampus  occupies  a 
correeponoing  position,  but,  with  the  greater  development  of  the  corpus  callosum  in  higher 
mammals,  atrophy  and  stretching  occur  and  the  structure  is  reduced  to  a  vestigial  condition 
(Elliot  Smith).  That  fornix  fibres  therefore  should  be  found  in  connexion  with  the  supracallosal 
gyros  is  not  surprising. 

Septum  Lncidnm  (septum  pellucidum). — The  septum  lucidum  is  a  thin  vertical 
partition  which  intervenes  between  the  anterior  comua  and  foreparts  of  the  bodies 
of  the  two  lateral  ventricles.  It  is  triaugular  in  shape,  and  posteriorly  it  is 
prolonged  backwards  for  a  variable  distance  between  the  body  of  the  corpus  callosum 
and  the  fornix,  to  both  of  which  it  is  attached  by  its  upper  and  lower  edges.  In 
front  it  occupies  the  gap  behind  the  genu  of  the  corpus  callosum,  whilst  below,  in 
the  narrow  interval  between  the  posterior  edge  of  the  rostrum  of  the  corpus  callosum 
and  the  fornix,  it  is  prolonged  downwards  towards  the  base  of  the  brain  in  the 
gyrus  subcallosus.  The  septum  lucidum  is  composed  of  two  thin  laminae  in  appo- 
sition with  each  other  in  the  mesial  plane  (Fig.  461,  p.  575). 

Fifth  Ventricle  (cavum  septi  pellucidi). — This  name  is  applied  to  the  mesial 
cleft  between  the  two  laminae  of  the  septum  lucidum.  It  varies  greatly  in  size  in 
different  brains  and  contains  a  little  fluid.  It  is  completely  isolated  and  presents 
no  communication  with  the  other  ventricles  of  the  brain.  Indeed,  the  term"  ventricle/* 
as  applied  to  it,  is  quite  inappropriate,  seeing  that  at  no  period  in  the  development 
of  the  brain  ha^  it  any  connexion  with  the  general  ventricular  system. 

Lateral  Vbntriclb. 

The  cavity  in  the  interior  of  the  cerebral  hemisphere  is  called  the  lateral 
ventricle.  It  is  lined  throughout  by  ependyma  continuous  with  the  ependymal 
lining  of  the  third  ventricle.  In  many  places  the  walls  of  the  cavity  are  in  appo- 
sition, whilst  in  other  localities  spaces  of  varying  capacity,  and  containing  cerebro- 
spinal fluid,  are  left  between  the  bounding  walls. 

The  lateral  ventricle  (ventriculus  lateralis)  communicates  with  the  third  ventricle 
of  the  brain  by  means  of  a  small  foramen,  just  large  enough  to  admit  a  crow-quill, 
which  IB  termed  the  foramen  of  Monro.  This  aperture  is  placed  in  front  of  the  fore 
end  of  the  optic  thalamus  and  behind  the  anterior  pillar  of  the  fornix. 

The  highly-irregular  shape  of  the  lateral  ventricle  can  be  best  imderstood  by  the 
study  of  a  cast  of  its  interior  (Figs.  459 ;  and  444,  p.  551).  It  is  usual  to  describe 
it  as  being  composed  of  a  body  and  three  horns,  viz.  an  anterior,  a  posterior,  and  a 
descending  horn.  The  anterior  horn  is  that  part  of  the  cavity  which  lies  in  front  of 
the  foramen  of  Monro.  The  body  is  the  portion  of  the  ventricle  which  extends 
from  the  foramen  of  Monro  to  the  splenium  of  the  corpus  callosum.  At  this  point 
the  posterior  and  descending  horns  diverge  from  the  hinder  part  of  the  body.  The 
posterior  horn  curves  backwards  and  inwards  into  the  occipital  lobe.  It  is  very 
variable  in  its  length  and  capacity.  The  descending  horn  proceeds  with  a  bold  sweep 
round  the  hinder  end  of  the  optic  thalamus,  and  then  tunnels  in  a  forward  and 
inward  direction  through  the  temporal  lobe  towards  the  temporal  pole.  The  early 
foetal  lateral  ventricle  is  very  capacious  and  presents  an  arched  or  semilunar  form. 
It  is  composed  of  parts  which  correspond  to  the  anterior  horn,  the  body,  and  the 
descending  horn,  and  there  is  little  or  no  demarcation  between  them.  The 
posterior  horn  is  a  later  production.  It  comes  into  existence  with  the  occipital 
lobe  and  is  produced  as  a  diverticulum  or  elongated  pouch,  which  grows  backwards 
from  the  upper  and  hinder  part  (i.e.  the  convexity)  of  the  primitive  cavity. 
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cerebral  hemisphere ;  and  although  very  imperfectly  mapped  off  from  the  temporal 
and  parietal  lobes,  which  lie  ia  fioat  of  it,  it  is  nevertheless  one  of  the  meet  natural 
subdivisions  of  the  cerebral  hemisphere.  It  is  not  developed  in  the  brain  of  the 
quadruped.  Man  and  the  ape  alone  possess  a  well-marked  occipital  lobe,  and  it 
may  be  defined  as  being  that  part  of  the  hemisphere  which  encloses  the  posterior 
horn  of  the  lateral  ventricle.  Being  pyramidal  in  form,  it  presents  three  surfaces 
and  an  apex  or  occipital  pole.  On  the  mesial  aspect  of  the  hemisphere  it  is 
separated  from  the  parietal  lobe  (i.e.  the  prajcuneus)  by  the  internal  parieto-occi- 
pital  fissure.  On  the  tentorial  or  inferior  surface  it  is  not  marked  off  in  any  way 
from  the  temporal  lobe  and  the  limbic  lobe,  which  lie  in  front  of  it.  It  is  necessary, 
therefore,  on  this  aspect  to  employ  an  arbitrary  line  of  demarcation;  one  which 
extends  from  the  prseoccipital  notch  on  the  infero-kteral  border  of  the  hemisphere 
to  the  isthmus  of  the  limbic  lobe  (i.e.  the  narrow  part  of  the  limbic  lobe  Immedi- 
ately below  the  hinder  end  of  the  corpus  callosum)  will  serve  the  purpose.  On  the 
external  surface  the  external  pane  to-occipital  fissure,  and  an  arbitrary  line  from 
this  to  the  pr^eoccipital  notch,  may  be  regarded  as  separating  the  occipital  from  the 
parietal  and  temporal  lobes.  The  upturned  end  of  the  second  temporal  sulcus  may 
lie  in  the  course  of  this  line. 

On  the  Tnesial  aspect  of  the  occipital  lobe  we  find:  (1)  the  calcarine  fissure, 
(2)  the  cuneus,  and  (3)  the  gyrus  lingualis. 

The  calcarine  fissure  begins  on  the  occipital  pole  by  a  bifurcated  extremity, 
which  lies  in  the  groove  whiuh  is  formed  on  this  part  of  the  brain  by  the  lateral 
sinus.  From  this  it  pursues  a  slightly  arched  course  forwards,  and  ends  by  cutting 
into  the  limbic  lobe  immediately  below  the  spleuium  or  thickened  hinder  margin  of 
the  corpus  callosum.  The  calcarine  fissure  is  joined  by  the  internal  parieto-occipital 
fissure  at  a  point  somewhat  nearer  its  anterior  than  its  posterior  extremity. 
Together,  the  two  fissures  present  a  -<-3haped  figure.  Between  the  two  limbs  of 
the  Y  i^  placed  the  cuneus. 

If  the  calcarine  and  internal  parieto-occipital  fiesurea  are  opened  up  bo  a«  to  expose  the 
bottom  in  each  case,  three  well-marked  deep  or  aubmerged  anneclant  ayri  will  ufiUBll;^  ^  dis- 
played.   One  of  these,  the  best  marked,  called  the  gyms  cnnei,  markB  off  the  parieto-occipital  from 


the  calcarine  figure  and  joins  the  cuneus  with  the  limbic  lobe.     In  the  chimpanzee  and  in  the 
lower  apea  the  gyrvB  cnnei  ia  on  the  aurface,  and  there  is  no  communication  between  the  two 
fiHUree ;  in  the  orang,  gibbon,  and  microcephalic  idiot,  it  niaj  either  be  eubmeiged  or  on  the 
40b 
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surface.  The  Becond  deep  annectant  gyrus,  termed  the  antarior  cnneo-liliKIul,  croeaee  the  bottom 
of  the  calcarine  fissure  a  short  dUtaace  behind  the  point  where  it  is  joined  by  the  parieto-occi- 
pital  fisBure,  and  divides  it  into  an  anterior  and  a  posterior  part  The  anterioi  caleanns  flssnn  is 
slightly  longer  and  much  deeper  than  the  posterior  parL  It  includes  the  whole  of  the  steiu  of 
the  Y-shaped  fissural  arrangement  and  extends  backwards  for  a  short  distance  into  the  cuneue. 
It  is  the  complete  part  of  the  fissure  and  gives  rise  to  an  elevation  on  the  inner  wall  of  the 
posterior  horn  of  the  lateral  ventricle,  U)  which  the  name  of  calcar  avis  or  hippocampus  minor  is 
given.  The  posterior  calcArine  fisBure  is  shallower  and  is  usually  interrupted  by  the  third  deep 
anneotant  gyrus,  viz.  the  poHtarior  coneo-lingual ;  this  divides  it  into  two  parts,  of  which  the 


Fio.  456. — Devklofhbnt  of  thk  Pari bto- occipital  and  the  CiWAWNE  Fissitbes. 
A,  Mesial  axpect  of  a  left  cerebral  bemisphere  of  a  fcetUB  approHuhing  the  end  of  tbe  fifth  nianlh   of  derelop- 
iiient ;  B,  Mesial  napect  of  a  right  cerebral  hemi^plieTe  of  a  fcetae  ia  the  begiDning  of  the  leventh 

S.I.  Septanj  Inciduni.  c'.     Anterior  calearine  Assure. 

U      Uncus  c*    }  '^°  parts  of  poHterior  calcarine  fiaeare. 

g.il.  Gyrus  dentatus.  o.a.   Anterior  collateral  fissure. 

p.o.  Parieto-occipital  fissure.  cm,  Uld-colUteral  fissure. 

hinder  is  little  more  than  the  bifurcated  extremity  of  the  fissure.  Very  frequently  tbis  d«-p 
gyrus  reaches  the  surface,  and  then  the  binder  end  of  the  sulcus  is  completely  cut  off.  The 
posterior  calcarine  fissure  is  not  a  complete  fissure. 

When  the  manner  in  wliicli  the  calcarine  fissure  is  developed  is  studied,  the  various  appear- 
ances which  come  into  view  when  the  botloin  of  the  adult  fissure  is  inspected  receive  the  fullest 
explanation.  The  anterior  calcarine  fissure  is  formed  very  early  as  an  infolding  of  the  wall  of 
the  cerebral  hemisphere.  The  posterior  calcarine  fissure  is  a  secondary  formation.  It  appwirs 
much  later,  and  usually  in  two  pieces,  which  run  together  and  then  join  the  anterior  calcarine 
fissure.    The  points  of  union  are  indicated  in  the  adult  by  the  two  ciineo -lingual  deep  gyrL 

The  canens  ia  the  wedge-shaped  or  triangular  district,  oq  the  mesiiil  aspect  of 
Che  occipital  lobe,  which  lies  between  the  interoal  parieto-occipital  and  calcarine 
fisBurea. 

The  gymfl  lingnaliB  is  a  well-marked  convolution  between  the  calcarine  fi.saiire 
above  and  the  posterior  part  of  the  collateral  fissure  below,  which  stretches 
forwards  from  the  occipital  pole.  Anteriorly,  it  becomes  very  narrow  and  joins 
the  hippocampal  part  of  the  limbic  lobe.  It  lies  partly  on  the  mesial  surface  and 
partly  on  the  tentorial  surface  of  the  occipital  loba 

On  the  tentorial  surface  of  the  occipital  lobe  there  is  only  one  convolution, 
viz.  the  posterior  part  of  the  occipito -temporal  gyrus.  It  proceeds  contiDuously 
forwards  into  the  temporal  lobe  on  the  outer  side  of  the  collateral  fissure,  and  is 
bounded  externally  by  the  occipito-temporal  Bolcns,  a  furrow  which  is  rarely  cod- 
tinuoua,  but  is  usually  represented  by  a  series  of  detached  pieces. 

There  are  two  well-marked  sulci  on  the  external  surface  of  the  occijnlal  lobe, 
viz.  the  sulcus  occipitalis  transversua  and  the  sulcus  occipitalis  lateralis.  The  anlciu 
occipitalis  transTersoB  extends  transversely  across  the  upper  part  of  the  lobe,  behind 
the  arcua  parieto-occipital  is.  As  already  explaiued,  it  is  the  terminal  bifurcation  of 
the  ramus  occipitalis  of  the  intraparietal  sulcus.  The  sulcus  occipitalis  l&t«ralis  is 
a  short  horizontal,  often  sharply-curved,  furrow,  which  divides  the  outer  surface  of 
the  lobe  into  an  upper  and  a  lower  area  of  very  nearly  equal  extent.  These  areas 
are  connected  by  superficial  annectant  gyri  with  the  parietal  and  temporal  lobes. 

Elliot  Smith  has  brought  forward  very  convincing  proof  in  favour  of  regarding  the 
sulcus  occipitaUa  lateralis  as  the  representative  of  the  "  Afienspa]t«  "  in  the  brain  of  the 
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ape.  He  calls  it  the  salens  lnnatus  occipitalis,  and  shows  that  in  the  brains  of  Egyptian 
Fellaheen  it  not  infrequently  possesses  an  operculum,  and  presents  an  appearance  which 
closely  corresponds  with  the  condition  distinctive  of  the  gorilla.  The  same  may  occasion* 
ally  be  seen  in  the  brain  of  the  aboriginal  Australian. 

Temporal  Lobe. — The  temporal  lobe  lies  behind  the  stem  and  below  the 
posterior  horizontal  limb  of  the  Sylvian  fissure.  It  is  somewhat  pyramidal  in  form, 
and  presents  an  upper,  an  outer,  and  a  tentorial  surface,  with  a  free  projecting  apex 
or  pole.  Above,  it  is  bounded  by  the  posterior  horizontal  limb  of  the  fissure  of 
Sylvius,  together  with  the  artificial  line  which  is  drawn  backwards  from  this.  On 
the  tentorial  face  it  is  separated  from  the  hippocampal  part  of  the  limbic  lobe  by 
the  collateral  fissure,  whilst  behind  it  is  marked  off  from  the  occipital  lobe  by  the 
artificial  lines  already  described.  The  temporal  pole  projects  forwards  on  the  under 
surface  of  the  brain  beyond  the  stem  of  the  Sylvian  fissure.  It  should  be  noticed 
that  the  recurved  end  of  the  hippocampal  part  of  the  limbic  lobe  (uncus),  which  lies 
to  the  inner  side  of  the  temporal  pole,  does  not  extend  so  far  forwards  as  the  latter, 
and  is  separated  from  the  pole  by  the  incisura  temporalis  or  ecto-rhinal  fissure. 

The  upper  or  opercular  surface  of  the  temporal  lobe  is  turned  towards  the 
island  of  Keil  and  the  fronto- parietal  operculum.  The  fissure  of  Sylvius  must, 
therefore,  be  widely  opened  up  to  expose  it.  For  the  most  part  the  surface  is 
smooth,  but  towards  the  back  part  there  are  a  few  transverse  furrows,  which 
separate  two  or  three  weakly-expressed  gyri. 

The  anterior  transverse  gyrus  is  much  more  strongly  expressed  in  the  fcetal  than  in  the  adult 
brain.  It  appears  in  the  early  part  of  the  seventh  month,  and  is  onlj^  subsequently  completely 
hidden  within  the  Sylvian  fissure.  The  fact  of  the  auditory  centre  being  localised  in  this  region 
of  the  temporal  lobe  makes  this  fact  of  interest 

On  the  deep  surface  of  the  temporal  pole  there  are  also  a  few  feeble  furrows. 

On  the  outer  surface  of  the  temporal  lobe  there  are  two  horizontal  sulci,  called 
respectively  the  first  temporal  or  parallel  and  the  second  temporal  sulcus. 

The  parallel  sulcus  is  a  long,  continuous,  and  deep  fissure,  which  begins  near  the 
temporal  pole  and  proceeds  backwards  below  the  posterior  limb  of  the  Sylvian 
fissure.  Its  hinder  end  turns  upwards  into  the  parietal  lobe  and  is  surrounded  by 
the  angular  gyrus.  The  second  temporal  sulcus  is  placed  midway  between  the 
parallel  sulcus  and  the  infero-lateral  border  of  the  hemisphere.  It  is  very  rare  to 
find  it  in  the  form  of  a  continuous  cleft;  usually  it  is  broken  up  into  several 
isolated  pieces,  one  behind  the  other.  Its  hinder  part,  which  turns  upwards  into 
the  parietal  lobe,  lies  close  to  the  artificial  line  of  demarcation  between  the  occipital 
and  parietal  lobes,  and  is  surrounded  by  the  postparietal  gyrus. 

By  the  two  temporal  sulci  the  outer  surface  of  the  temporal  lobe  is  mapped  out 
into  three  tiers  of  horizontal  convolutions,  which  are  termed  the  first,  second,  and 
third  temporal  gyri 

On  the  tentorial  surface  of  the  temporal  lobe  there  is  one  fissure,  termed  the 
occipito-temporal  sulcu&  The  occipito-temporal  sulcus  lies  to  the  outer  side  of  the 
collateral  fissure  and  close  to  the  infero-lateral  margin  of  the  hemisphere.  It  runs 
in  an  antero- posterior  direction,  and  is  not  confined  to  the  temporal  lobe,  but 
extends  backwards  towards  the  occipital  pole.  It  is  usually  broken  up  into  two 
or  more  separate  pieces. 

The  occipito-temporal  convolution  is  situated  between  the  collateral  fissure  and 
the  occipito-temporal  sulcus.  It  extends  from  the  occipital  pole  behind  to  the 
temporal  pole  in  front. 

The  narrow  strip  of  surface  on  the  outer  side  of  the  occipito-temporal  sulcus  is 
continuous,  round  the  infero-lateral  margin  of  the  hemisphere,  with  the  third 
temporal  convolution  on  the  outer  surface  of  the  cerebrum,  and  may  be  reckoned 
as  a  part  of  it. 

The  three  temporal  convolutions  and  the  occipito-temporal  convolutions  run 
into  each  other  at  the  temporal  pole. 

Island  of  Reil  or  Insula. — The  insula  is  a  triangular  and  somewhat  bulging 
field  of  cerebral  cortex,  which  lies  on  a  deeper  plane  than  the  general  surface  of  the 
hemisphere  and  is  hidden  from  view  by  the  four  opercula  which  overlap  it.  It  is 
circumscribed  by  a  limiting  sulcus  (sulcus  circularis),  already  described,  and  its 
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dependent  apical  part,  which  is  directed  downwards,  is  in  close  relation  to  the 
anterior  perforated  spot  and  the  Sylvian  vallecula.  Here  the  limiting  sulcus  is 
absent  and  the  gray  matter  on  the  surface  of  the  insula  passes  continuously  into 
the  anterior  perforated  spot.     The  place  of  transition  is  called  the  limen  InsulaB. 

The  insula  is  divided  into  several  diverging  convolutions  by  a  series  of  radiating 
sulci.  Of  the  latter,  one,  which  presents  the  same  direction  and  lies  in  the  same 
plane  as  the  fissure  of  Bolando,  receives  the  name  of  the  sulcus  centralis  insula 
(Fig.  447,  C,  p.  557).  It  divides  the  insula  into  an  anterior  frontal  part  and  a 
posterior  parieto-limbic  part 

Limbic  Lobe. — This  lobe  is  seen  on  the  mesial  surface  of  the  hemisphere  in  the 
form  of  an  elongated  ring -like  convolution,  the  extremities  of  which  approach 
closely  to  each  other  at  the  locus  perforatus  anticus.  These  extremities  are  con- 
nected by  the  roots  of  the  olfactory  tract,  and  in  this  manner  the  limbic  ring  may 
be  considered  to  be  closed.  The  upper  part  of  the  limbic  lobe  is  placed  in  intimate 
relation  to  the  extremities  and  upper  surface  of  the  corpus  callosum,  and  receives 
the  name  of  callosal  convolution  or  gyrus  fomicatus.  The  lower  portion  of  the 
lobe  is  termed  the  hippocampal  convolution  and  forms  the  inner  part  of  the 
tentorial  surface  of  the  hemisphere.  The  continuity  between  the  hippocampal 
gyrus  and  the  callosal  convolution  is  established  below  the  hinder  end  of  the  corpus 
callosum  by  a  narrow  portion  of  the  limbic  lobe,  called  the  isthmua  From  this 
point  the  hippocampal  convolution  extends  forwards  towards  the  temporal  pole. 
Finally,  on  the  side  of  the  crus  cerebri,  the  hippocampal  gyrus  is  folded  back  on 
itself  and  ends  in  a  recurved  hook-like  extremity  called  the  uncus.  The  uncus  does 
not  reach  so  far  forwards  as  the  temporal  pole. 

The  callosal  conyolution  begins  below  the  anterior  end  of  the  corpus  callosum  at 
the  locus  perforatus  anticus,  and,  winding  round  the  genu  of  the  corpus  calloeum,  it 
is  continued  backwards  on  its  upper  surface  to  its  hinder  thickened  extremity  or 
splenium.  Curving  round  this,  it  becomes  greatly  narrowed  through  the  calcarine 
fissure  cutting  into  it.  This  narrow  part  is  termed  the  isthmus,  and  constitutes  the 
link  of  connexion  between  the  callosal  gyrus  and  the  hippocampal  gyrus.  The 
callosal  gyrus  is  separated  from  the  marginal  convolution  by  the  calloso-marginal 
fissure,  and  behind  this  it  is  imperfectly  marked  oflF  from  the  praecimeus  by  the 
post-limbic  sulcus.  The  furrow  which  separates  it  from  the  corpus  callosum  is 
termed  the  callosal  sulcus. 

The  hippocampal  convolution  is  bounded  on  the  outer  side  by  the  anterior  part 
of  the  collateral  fissure,  and  in  front  of  this  by  the  incisura  temporalis,  which 
separates  its  hooked  extremity,  or  uncus,  from  the  temporal  pole.  On  the  inner  side 
it  is  limited  by  the  hippocampal  or  dentate  fissure,  whilst  posteriorly  it  is  divided 
into  two  parts  by  the  anterior  extremity  of  the  calcarine  fissure.  Of  these,  the 
upper  is  the  isthmus,  which  connects  it  with  the  callosal  gyrus,  whilst  the  lower 
portion  brings  it  into  continuity  with  the  gyrus  lingualis.  The  surface  of  the 
hippocampal  convolution  is  covered  by  a  white  reticular  stratum  of  fibres,  termed 
the  substantia  reticularis  alba. 

Although  the  hippocampal  convolution  and  uncus  in  descriptive  anatomy  are  classed  together 
there  is  a  marked  morphological  distinction  between  them.  The  uncus  is  the  feeble  representative 
in  man  of  the  important  pyiiform  lobe  in  certain  of  the  lower  mammals,  and  consequently  it 
belongs  to  the  rhinencephalon ;  the  hippocampal  convolution,  on  the  other  hand,  is  to  be  regarded 
as  forming  a  part  of  tne  neo-pallium  of  Elliot  Smith.  The  unimportant  incisura  temporalis  of 
the  human  brain  in  lower  types  of  brain  in  which  the  rhinencephalon  bulks  largely  is  represented 
by  the  conspicuous  ecto-rhinal  fissure. 

• 

0]rras  Dentatus  and  the  Fimbria. — If  the  dentate  fissure,  which  lies  along 
the  inner  side  of  the  hippocampal  convolution,  be  opened  up,  the  gyrus  dentatus 
and  the  fimbria,  lying  side  by  side,  will  be  brought  into  view  (Fig.  451,  p.  559). 

The  fimbria  is  simply  a  portion  of  the  posterior  pillar  of  the  fornix  prolonged 
into  this  region.  It  is  a  conspicuous  band  of  white  matter,  which  presents  a 
prominent  free  border.  In  front  it  runs  into  the  recurved  extremity  of  the  uncus, 
whilst,  if  traced  backwards,  it  wiU  be  seen  to  curve  upwards  behind  the  posterior 
end  of  the  optic  thalamus  and  become  continuous  with  the  posterior  pillar  of  the 
fornix  below  the  hinder  part  of  the  corpus  callosum. 
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The  grins  dentattu  is  the  &ee  edge  of  gray  matter  which  is  placed  between  the 
fimbria  and  the  deep  part  of  the  upper  surface  of  the  hippocampal  convolution. 
The  groove  between  it  and  the  fimbria  is  termed  the  flmbrio-dantate  snlciu,  whilst 
the  furrow  between  it  and  the  hippocampal  convolution  forma  the  bottom  of  the 
dentate  flssure.  The  dentate  gyrus  is  notched  along  the  margin,  whilst  its  surface 
ia  scored  by  numerous  parallel  and  closely-placed  transverse  grooves.  It  begins 
behiad  in  the  region  of  the  splenium  or  thickened  posterior  margin  of  the  corpus 
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cailosum,  and  is  carried  forwards  into  the  cleft  of  the  uncus.  From  this  it  emerges 
in  the  form  of  a  delicate  band,  which  crosses  the  surface  of  the  recurved  part  of  the 
uncus  in  a  transverse  direction,  thereby  constituting  the  frenulum  Giacomini. 

The  dentate  flssnre  is  a  complete  fissure,  and  the  elevation  on  the  ventricular 
wall  which  corresponds  to  it  is  called  the  hippocampus  major.  It  begins  behind 
the  Bplenium  of  the  corpus  callosum,  where  it  is  continuous  with  a  shallow  part  of 
the  ealloeal  fissure,  and  it  proceeds  forwards  between  the  gyrus  dentatus  and  the 
hippocampal  convolution.     Its  anterior  end  ia  enclosed  within  the  uncus. 

When  coTODal  sectionB  are  made  through  the  ealloeal  part  of  the  limbic  lobe  and  the  subjacent 
corpus  callosum,  the  cortical  gray  matter  IB  seen  to  be  reflected  from  the  bottom  of  the  ealloeal 
fireure  in  the  form  of  an  eiceedingly  fine  layer,  which  forma  a  thin  coating  for  the  upper  surface 
of  the  corpus  callosum.  In  the  midet  of  this  certain  delicate  strands  of  longitudinal  fibrea,  the 
Itrim  longitndinalei,  are  embedded,  and,  with  the  gray  matter  associated  with  them,  they  re- 
preaent  an  aborted  or  vestigial  convolution,  termed  the  gyniB  inpncallosiu.  This  gyrus  is  con- 
tinaous  with  the  gyrus  dentatus  round  the  hinder  margin  of  the  corpus  eallosum- 

Olpactohy  Lobe.— The  olfactory  lobe  is  small  and  rudimentary  in  the  human 
brain,  and  the  description  which  is  given  here  does  not  include  all  the  parts  which, 
from  the  morphological  point  of  view,  belong  to  this  portion  of  the  cerebral  hemi- 
sphere (see  p.  584).  Under  this  heading  we  shall  study  merely :  (I)  the  olfactory 
bulb  and  tract,  with  the  two  roots  of  the  latter ;  (2)  the  trigonum  olfactorium. 

The  ol&ctor7  tract  is  a  narrow,  white,  prismatic  band,  which  expands  anteriorly 
into  a  swollen  bulbous  extremity,  ti;rmed  the  oliiictoTy  boll).  Both  the  tract  and 
the  bulb  lie  upon  the  olfactory  sulcus  on  the  orbital  surface  of  the  frontal  lobe. 
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The  upper  siur/ace  of  the  corpus  callosum  forms  the  bottom  of  the  great  longi- 
tudinal fissure,  and  on  each  side  of  this  it  is  covered  by  the  callosal  gyrus.  Only 
in  its  posterior  part  is  it  touched  by  the  falx  cerebri ;  in  front,  this  process  of  dura 
mater  falls  considerably  short  of  it.  The  upper  surface  of  the  callosum  is  covered 
by  a  thin  layer  of  gray  matter  continuous  at  the  bottom  of  the  callosal  sulcus  with 
the  gray  cortex  on  the  surface  of  the  hemisphere.  In  this  there  are  embedded  on 
either  side  of  the  mesial  plane  two  delicate  longitudinal  bands  of  fibres,  called 
respectively  the  stria  longitudinalis  mediaUs  and  lateralis.  The  stria  loDi^tadinalis 
medialis  is  the  more  strongly  marked  of  the  two^  and  it  is  separated  from  its  neigh- 
bour of  the  opposite  side  by  a  faint  mesial  furrow.  The  stria  longitadinalis  lateralis 
is  placed  farther  out,  under  cover  of  the  callosal  gyrus.  The  thin  coating  of  gray 
matter,  with  the  two  striae,  represents  an  aborted  convolution,  termed  the  gyros 
sapracallosnfl.  So  thin  is  the  gray  coating  supplied  by  this  gyrus  that  the  trans- 
verse direction  pursued  by  the  callosal  fibres  proper  can  be  easily  perceived 
through  it. 

The  two  extremities  of  the  corpus  callosum  are  much  thickened,  whilst  the 
intermediate  part  or  body  is  considerably  thinner.  The  massive  posterior  end, 
which  is  full  and  rounded,  lies  over  the  mesencephalon  and  extends  backwards  as 
far  as  the  highest  point  of  the  cerebellum.  It  is  called  the  spleniom,  and  it  consists 
of  an  upper  and  a  lower  part.  The  latter  is  bent  forwards  under  the  upper  part,  to 
the  inferior  surface  of  which  it  is  closely  applied.  The  anterior  end  of  the  corpus 
caUosum  is  not  quite  so  massive  and  is  folded  downwards  and  backwards  on  itself. 
It  is  termed  the  genu.  The  recurved  lower  part  of  the  genu  is  separated  from  the 
part  of  the  corpus  callosum,  which  lies  above,  by  an  interval.  It  rapidly  thins  as 
it  passes  backwards  and  receives  the  name  of  the  roBtmm.  The  fine  terminal  edge 
of  the  rostrum  becomes  connected  with  the  lamina  cinerea. 

The  gyrus  sapracalloeus,  with  its  contained  medial  and  lateral  longitudinal  striae,  when  traced 
backwams,  is  seen  to  turn  round  the  splenium  and  become  continuous  with  the  gyrus  dentatus. 
In  front  the  mesial  striae,  with  the  associated  gray  matter,  are  carried  round  the  genu  and  then 
backwards  on  the  under  surface  of  the  rostrum.  As  they  turn  round  the  anterior  extremity  of 
the  corpus  callosum,  each  stria  runs  into  the  corresponding  gyrus  subcallosus — a  narrow  cortical 
ptrip  which  lies  on  the  mesial  surface  of  the  hemisphere  immediately  below  the  genu  of  the 
corpus  callosum.  The  gyrus  subcallosus  is  often  callea  the  peduncle  of  the  corpus  callosum,  and 
the  fibres  of  the  stria  which  it  contains,  emerging  from  its  substance,  proceed  backwards  and 
outwards  along  the  posterior  limit  of  the  anterior  perforated  spot  towards  the  anterior  extremity 
of  the  temporal  lobe.  Elliot  Smith  has  shown  that  these  parts  have  an  important  morphological 
significance. 

The  under  surface  of  the  corpus  callosum  on  either  side  of  the  mesial  plane  is 
for  the  most  part  free,  and,  lined  by  ependyma,  it  forms  the  roof  of  the  anterior 
horn  and  body  of  the  lateral  ventricle.  In  the  mesial  plane,  however,  it  is  attached 
to  subjacent  parts,  viz.  to  the  septum  lucidum  in  front  and  to  the  body  of  the 
fornix  behind. 

The  transverse  fibres  of  the  corpus  callosum,  as  they  enter  the  white  medullary 
centre  of  the  cerebral  hemisphere,  radiate  from  each  other  so  as  to  reach  every  part 
of  the  cerebral  cortex.  This  radiation  is  termed  the  radiatio  corporis  callosi  and 
the  fibres  which  compose  it  intersect  the  fibres  which  form  the  corona  radiata,  or,  in 
other  woi-ds,  the  fibres  which  extend  between  the  internal  capsule  and  the  cerebral 
cortex  (Figs.  440,  p.  547 ;  and  468,  p.  582).  The  more  anterior  of  the  fibres  which 
compose  the  genu  of  the  corpus  callosum  sweep  forwards  in  a  series  of  curves  into 
the  prefrontal  region  of  the  hemisphere.  A  large  part  of  the  splenium,  forming  a 
soUd  bundle  termed  the  forceps  major,  bends  suddenly  and  abruptly  backwards 
into  the  occipital  lobe  (Fig.  463,  p.  577).  Fibres  from  the  body  and  upper  part 
of  the  splenium,  curving  round  the  lateral  ventricle,  form  a  very  definite  stratum, 
called  the  tapetum.  This  is  a  thin  layer  in  the  medullary  centre  of  the  hemisphere, 
which  constitutes  the  immediate  roof  and  outer  wall  of  the  posterior  horn  and  the 
outer  wall  of  the  hinder  part  of  the  descending  horn  of  the  lateral  ventricle.  In 
coronal  sections  through  the  occipital  and  hinder  temporal  regions  the  tapetum 
stands  out  very  distinctly  (Figs.  456,  p.  569 ;  462,  p.  576 ;  and  465,  p.  579). 

Fornix. — The  fornix  is  an  arched  bilateral  structure  composed,  for  the  most 
part,  of  longitudinally-directed  fibres.     In  its  intermediate  part  its  two  lateral 
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halves  are  joined  together  in  the  mesial  plane,  and  form  what  is  called  the  body  of 
the  fornix ;  but  in  front  and  behind  they  are  quite  separate,  and  constitute  the 
anterior  and  posterior  pillars  of  the  fornix. 

The  body  of  the*  fornix  is  triangular  in  form.  In  front,  where  it  is  continuous 
with  the  anterior  pillars,  it  is  narrow ;  whilst  behind  it  broadens  out,  becomes 
flattened,  and  is  finally  prolonged  into  the  posterior  pillars.  The  upper  surface  of 
the  body  of  the  fornix  is  in  contact  with  the  under  surface  of  the  hinder  part  of 
the  body  of  the  corpus  callosum,  and  posteriorly  is  adherent  to  it.  In  front  of  this 
adhesion,  and  in  the  mesial  plane,  it  is  attached  to  the  septum  lucidum.     Beyond 

these  attachments,  on  each  side,  the  upper  surfiace 

^^"Mo°nTO    y^ — ^^^^  ^f  the  body  of  the  fornix  forms  a  part  of  the 

Anterior  If  ^  floor  of  the  lateral  ventricle  and  is  clothed  by 

commissure  ^Aa^. .11.  s'^^'t'^^   ^^0  lining  cpendyma.     It  presents  a  sharp  lateral 

\6^_^^^^  edge  or  margin,  from  under  which   the  choroid 

^-/^IJ^^^^  plexus    projects  into   the  cavity   of  the  lateral 

^^K^^""^  ventricle   and   with   which   the  epithelial   layer 

PiQ.  468.-DIAQRAMMATIO  PROFILE  ViEw  ^^1^^  ^ovcrs  that  plcxus  is  continuous.  The 
OF  THE  Fornix.  lower  surface  of  the   body  of  the  fornix   rests 

upon  the  velum  interpositum,  which  separates 
it  from  the  roof  of  the  third  ventricle  and  the  upper  surface  of  the  optic  thalamL 
It  is  not  at  all  an  uncommon  occurrence  to  find  the  two  lateral  portions  of  the 
body  of  the  fornix  of  unequal  size  (Fig.  461,  p.  575). 

The  anterior  pillars  of  the  fornix  (columnse  fomicis)  are  two  rounded  strands 
which  emerge  from  the  anterior  part  of  the  body  of  the  fornix,  and  then  diverge 
very  slightly  from  each  other  as  they  curve  downwards  in  front  of  the  foramina  of 
Monro.  Sinking  into  the  gray  matter  on  the  lateral  wall  of  the  third  ventricle, 
each  anterior  pillar  proceeds  downwards  to  the  base  of  the  brain,  and  in  the  inter- 
peduncular space  protrudes,  to  take  part  in  the  formation  of  the  corpus  mammillare. 
When  the  corpus  mammillare  is  dissected  it  appears  to  be  largely  formed  of  a 
twisted  loop  of  the  anterior  pillar  of  the  fornix,  in  which  the  pillar  bends  upon 
itself,  and  is  then  continued  upwards  and  backwards  into  the  optic  thalamus. 
This  appearance,  however,  is  misleading.  The  fibres  of  the  anterior  pillar  end  in 
the  gray  nucleus  of  the  corpus  mammillare,  and  the  strand  which  passes  from  this 
to  the  thalamus  is  the  bundle  of  Vicq  d'Azyr  (p.  548). 

The  posterior  pillars  of  the  fornix  (crura  fomicis)  are  flattened  bands  which 
diverge  widely  from  each  other.  At  first  they  are  adherent  to  the  under  surface 
of  the  corpus  callosum,  but  soon  they  sweep  downwards  round  the  posterior  ends  of 
the  optic  thalami  and  enter  the  descending  horns  of  the  lateral  ventriclea  Here 
each  pillar  comes  into  relation  with  the  corresponding  hippocampus  major,  and  a 
portion  of  its  fibres  are  spread  out  on  the  surface  of  this  prominence,  thereby 
giving  it  a  white  coating  termed  the  alvens,  whilst  the  remainder  of  the  fibres 
constitute  the  fimbria  or  tflsnia  fomicis — a  narrow  but  very  distinct  band  of  white 
matter,  which  is  attached  by  its  outer  margin  along  the  inner  border  of  the 
hippocampus  major  and  ends  in  front  by  joining  the  uncus  (p.  568). 

A  certain  number  of  transverse  fibres  enter  into  the  formation  of  the  fornix. 
The  diverging  posterior  pillars  enclose  between  them  a  small  triangular  space  on 
the  under  surface  of  the  hinder  part  of  the  corpus  callosum.  This  area  is  crossed 
by  transverse  fibres,  which  form  a  thin  lamina  caUed  the  psalterium  or  lyia.  Some- 
times the  psalterium  is  not  completely  fused  to  the  under  surface  of  the  corpus 
callosum,  and  in  these  cases  a  narrow  space  is  left  between  them,  which  receives  the 
name  of  Verga's  ventricle. 

The  fornix  is  intimately  connected  with  the  olfactory  apparatua  Its  fibres  for  the  most  part, 
arise  from  the  pyramidal  cells  in  the  comu  ammonis  or  hippocampus  major  and  ascend  in  the 
fimbria  and  posterior  pillar.  In  the  region  of  the  psalterium  numerous  fibres  cross  the  mesial 
plane,  enter  the  opposite  posterior  pillar,  and  in  it  proceed  to  the  opposite  comu  ammonis. 
These  fibres  constitute  a  commissure  between  the  two  comua  ammonis.  The  remainder  of  the 
fibres  proceed  forwards  in  the  body  of  the  fornix,  and  by  means  of  the  anterior  pillar  the 
majority  of  the  fibres  are  carried  downwards,  behind  the  anterior  commissure,  to  the  corpus 
mammillare.  Some,  however,  curve  backwards  into  the  stria  medullaris  (p.  548) ;  whilst  others, 
forming  the  olfactory  bundle  of  the  coma  ammonlB,  pass  in  front  of  the  anterior  commissure  and 
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enter  the  septum  lucidum,  through  which  they  reach  the  subcallosal  gyrus  and  the  locus  per- 
foratus  anticusL  Finally,  this  bundle  divides  into  two  parts,  of  which  one  joins  the  inner  root  of 
the  olfactory  tract,  whilst  the  other  goes  to  the  uncus. 

The  gfreater  number  of  the  lon^tudinal  fibres  of  the  fornix  must,  therefore,  be  regarded  as 
establishmg  a  connexion  between  tne  comu  ammonis  and  the  optic  thalamus.  The  inner  portion 
of  the  composite  nucleus  of  the  corpus  mammillare  is  an  intemode  interposed  in  the  path  of  this 
connecting  tract  The  bundle  of  Vicq  d'Azyr,  formed  by  the  relay  of  nbres  which  takes  origin 
in  this  internode,  forms  the  second  link  in  the  chain. 

The  stria;  longitudinales  in  the  gyrus  supracallosus  on  the  upper  surface  of  the  corpus 
calloeum  are  to  be  regarded,  from  a  morphological  point  of  view,  as  forming  an  outlying  part  of 
the  fornix  system. 

There  can  be  little  doubt  that  the  gyrus  supracallosus  represents  a  wasted  portion  of  the 
hippocampus  formation.  In  monotremes  and  marsupials  the  hippocampus  occupies  a 
corresponding  position,  but,  with  the  greater  development  of  the  corpus  callosum  in  nigher 
mammals,  atrophnr  and  stretching  occur  and  the  structure  is  reduced  to  a  vestigial  condition 
(Elliot  Smith).  That  fornix  fibres  therefore  should  be  found  in  connexion  with  the  supracallosal 
gyrua  is  not  surprising. 

Septum  Lucidom  (septum  pellucidum). — The  septum  lucidum  is  a  thin  vertical 
partition  which  intervenes  between  the  anterior  comua  and  foreparts  of  the  bodies 
of  the  two  lateral  ventricles.  It  is  triangular  in  shape,  and  posteriorly  it  is 
prolonged  backwards  for  a  variable  distance  between  the  body  of  the  corpus  callosum 
and  the  fornix,  to  both  of  which  it  is  attached  by  its  upper  and  lower  edges.  In 
front  it  occupies  the  gap  behind  the  genu  of  the  corpus  callosum,  whilst  below,  in 
the  narrow  interval  between  the  posterior  edge  of  the  rostrum  of  the  corpus  callosum 
and  the  fornix,  it  is  prolonged  downwards  towards  the  base  of  the  brain  in  the 
gyrus  subcalloeus.  The  septum  lucidum  is  composed  of  two  thin  laminsB  in  appo- 
sition with  each  other  in  the  mesial  plane  (Fig.  461,  p.  575). 

Fifth  Ventricle  (cavum  septi  pellucidi). — This  name  is  applied  to  the  mesial 
cleft  between  the  two  laminse  of  the  septum  lucidum.  It  varies  greatly  in  size  in 
different  brains  and  contains  a  little  fluid.  It  is  completely  isolated  and  presents 
no  communication  with  the  otherventricles  of  the  brain.  Indeed, the  term"  ventricle," 
as  applied  to  it,  is  quite  inappropriate,  seeing  that  at  no  period  in  the  development 
of  the  brain  has  it  any  connexion  with  the  general  ventricular  system. 

Lateral  Ventricle, 

The  cavity  in  the  interior  of  the  cerebral  hemisphere  is  called  the  lateral 
ventricle.  It  is  lined  throughout  by  ependyma  continuous  with  the  ependymal 
Uning  of  the  third  ventricle.  In  many  places  the  walls  of  the  cavity  are  in  appo- 
sition, whilst  in  other  locahtiee  spaces  of  varying  capacity,  and  containing  cerebro- 
spinal fluid,  are  left  between  the  bounding  walls. 

The  lateral  ventricle  (ventriculus  lateralis)  communicates  with  the  third  ventricle 
of  the  brain  by  means  of  a  small  foramen,  just  large  enough  to  admit  a  crow-quill, 
which  is  termed  the  foramen  of  Monro.  This  aperture  is  placed  in  front  of  the  fore 
end  of  the  optic  thalamus  and  behind  the  anterior  pillar  of  the  fornix. 

The  highly-irregular  shape  of  the  lateral  ventricle  can  be  best  understood  by  the 
study  of  a  cast  of  its  interior  (Figs.  459 ;  and  444,  p.  551).  It  is  usual  to  describe 
it  as  being  composed  of  a  body  and  three  horns,  viz.  an  anterior,  a  posterior,  and  a 
descending  horn.  The  anterior  horn  is  that  part  of  the  cavity  which  lies  in  front  of 
the  foramen  of  Monro.  The  body  is  the  portion  of  the  ventricle  which  extends 
from  the  foramen  of  Monro  to  the  splenium  of  the  corpus  callosum.  At  this  point 
the  posterior  and  descending  horns  diverge  from  the  hinder  part  of  the  body.  The 
posterior  horn  curves  backwards  and  inwards  into  the  occipital  lobe.  It  is  very 
variable  in  its  length  and  capacity.  The  descending  horn  proceeds  with  a  bold  sweep 
round  the  hinder  end  of  the  optic  thalamus,  and  then  tunnels  in  a  forward  and 
inward  direction  through  the  temporal  lobe  towards  the  temporal  pole.  The  early 
foetal  lateral  ventricle  lb  very  capacious  and  presents  an  arched  or  semilunar  form. 
It  is  composed  of  parts  which  correspond  to  the  anterior  horn,  the  body,  and  the 
descending  horn,  and  there  is  little  or  no  demarcation  between  them.  The 
posterior  horn  is  a  later  production.  It  comes  into  existence  with  the  occipital 
lobe  and  is  produced  as  a  diverticulum  or  elongated  pouch,  which  grows  backwards 
from  the  upper  and  hinder  part  (i,e.  the  convexity)  of  the  primitive  cavity. 


bli  THE  NERVOUS  SYSTEM. 

Anterior   Horn    of   the 
Lateral  Ventricle  (cornu  an- 

terius).  —  The  anterior  horn 
forma  the  foremoat  part  of  the 
cavity,  and  extends  in  a  for- 
ward and  outward  direction  in 
the  frontal  lobe.  When  seen 
in  coronal  section  (Fig.  460)  it 
presents  a  triangular  outline, 
the  floor  sloping  upwards  and 
I  outwards  to  meet  the  roof  at 

1  an  acute  angle.     It  is  bounded 

I  in  front  by  the  posterior  but- 

'  face  of  the  genu  of  the  corpus 

calloBum;  the  roufisalso  formed 
by  the  corpus  oallosum.  The 
inner  wall,  which  is  vertical, 
is  formed  by  the  septum 
lucidum;  whilst  the  sloping 
Jloor  presents  a  marked  elevs- 
tion  or  bulging,  viz.  the  smooth, 
rounded,  and  prominent  ex- 
tremity of  the  pear-shaped 
caudate  nucleus. 
-  Body  of  the  Lateral  Ven- 
tricle (pars  centralis). — The 
body  of  the  cavity  is  likewise 
roofed  by  the  corpus  callosum. 
.H  A  c*iT  or  THB  VENTMcoLiH  9°  "^®  *""*^  °^  nusiol  sidt  it 
seu  from  above  (after  KeiiiuB).        18  bouuded  by  the  attachment 

Vent  IV.    Fcnrth  .enlricle.     "^  '•>«  ^0'"°^''  *"  ^^^  ^'^^^^  ^Ur- 

'  eupropiDcaiis.  face  of  the  corpus  calloBum  and 

by   the    hinder    part    of    the 
septum  lucidum.     On  the  outer  side  it  is  closed,  as  in  the  case  of  the  anterior  hom, 
by  the  meeting  of  the  floor  and  the  roof  of  the  cavity.     On  the  Jlcor  a  number 
of  important  ob- 
jects  may  be  re- 
cognised.      From 
without    inwards 
these  are  met  in 
the      following 

order:  (l)thecau-  iioMunB-nni 

date  nucleus;  (2) 
a  groove  which 
extends  obliquely 

from  before  liack-    '  i»i™nui.i. 

wards    and     out-   , 
wards  between  the 

caudate   nucleus  dmi«Do<-i."i 

and    the    optic  ifctiwi), 

thalamus,  and  in 
which  are  placed 
the  vein  of  the 
corpus  striatum 
and  a  white  band 
called  the  tfeoia 
semicircularis;  (3) 
a   portion   of  the  pj,|   ^ 

upper   surface    of 
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ihe  optic  thalamus ;  (4)  the  choroid  plexus ;   (5)  the  thiu,  sharp  lateral  edge  of 
che  fornix. 

The  cKud&ta  nuclaiu  narrows  rapidly  as  it  proceeds  liackwards  on  the  outer  part 
of  the  floor  of  the  body  of  the  lateral  ventricle.  The  vein  of  the  corpas  Bteiatnm  is 
covered  over  by  ependyma.  It  joins  the  vein  of  Galen  close  to  the  forainen  of 
Monro.  The  connexions  of  the  tmia  HemlcitciUuiB  will  be  dealt  with  later.  The 
portion  of  the  upper  surface  of  the  optic  thalamus  which  appears  in  the  floor  of  the 


Forct^pfl  iii^or  PoBt«tior  pillar  of  Lha  fornix 

Bodyarthsfornli 
Kio.  461. — DissEcnos,  to  show  the  fornix  and  lultral  rentricles  ;  the  body  of  the  corpus  callosum 


ventricle  la  in  great  part  hidden  by  the  choroid  plexus,  which  lies  upon  it.  The 
choroid  plexus  is  a  rich  vascular  ft'iuge  which  appears  from  iinder  cover  of  the  sharp 
lateral  edge  of  the  fornix.  In  front  itia  continuous,  behind  the  foramen  of  Monro, 
with  the  corresponding  choroid  plexus  of  the  opposite  side,  whilst  behind,  it  is 
carried  into  the  descending  horn  of  the  ventricle.  Although  the  choroid  plexus 
has  all  the  appearance  of  lying  free  within  the  ventricle,  it  must  be  borne  in  mind 
that  it  is  invested  by  an  epithelial  layer  which  represents  a  portion  of  the  hemi- 
sphere wall  and  excludes  it  from  the  cavity.     This  thin  layer  is  continuous  on  the 
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one  hand  with  the  sharp  edge  of  the  fornix,  and  on  the  other  it  is  attached  to  the 
upper  surface  of  the  optic  thalamus. 

Posterior  Horn  of  the  Lateral  Ventricle  (comu  posterius). — The  poaterior 
horn  is  an  elongated  diverticulum  carried  backwards  into  the  occipital  lobe  from  the 
hinder  end  of  the  bodj  of  the  ventricle.  It  tapers  to  a  point  and  describes  a  gentle 
curve,  the  convexity  of  which  is  directed  outwards.  The  roof  and  outer  wall  of  this 
portion  of  the  ventricular  cavity  are  formed  by  the  tapetum  of  the  corpus  calloaum. 
In  coronal  sections  through  the  occipital  lobe  this  is  seen  as  a  thin  but  distinct 
layer  of  white  fibres,  which  lies  immediately  outside  the  ependyma  and  to  the  inner 
side  of  a  much  larger  strand  of  fibres  in  the  medullary  substance  of  the  occipital 
lobe,  viz.  the  optic  radiation. 

On  the  inner  wail  two  elongated  curved  elevations  may  be  observed.  The 
uppermost  of  these  is  termed  the  bulb  of  the  comu  (bulbus  cornu  posterioris),  and  iB 
produced  by  the  fibres  of  the  forceps  major  of  the  corpus  calloaum  as  they  curve 
abruptly  backwards  from  the  lower  part  of  the  splenium  of  the  corpus  calloeum  into 
the  occipital  lobe.  Below  this  is  the  elevation  known  as  the  calcar  avia.  It  varies 
greatly  in  size  in  different  brains,  and  is  caused  by  an  infolding  of  the  ventricular 
wall  in  correspondence  with  the  anterior  calcarine  fissure  on  the  exterior  of  the 
hemisphere. 

Desceadinff  Horn  of  the  Lateral  Ventricle  (cornu  inferius). — The  descending 
horn  is  the  continuation  of  the  cavity  into  the  temporal  lobe.  At  first  directed  back- 
wards and  outwards  the  descending  horn  suddenly  sinks  downwards  behind  the  optic 
thalamus  into  the  temporal  lobe,  in  the  centre  of  which  it  takes  a  curved  course  for- 
wards and  inwards  to  a  point  about  an  inch  behind  the  extremity  of  the  temporal  pole. 

In  the  angle  between  the  diverging  posterior  and  descending  horns  the  cavity 
of  the  ventricle  presents  an  expansion  of  a  somewhat  triangular  shape.  To  this 
the  name  of  trigonmn  ventricnli  is  sometimes  given. 

The  roof  of  the  descending  horn  is  formed  for  the  most  part  by  the  tapetum  of 

Splenium  of  corpHHallMuni 
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the  corpus  callosum.  At  the  extremity  of  the  horn  the  roof  presents  a  bulging 
into  the  cavity.  This  is  the  amygdaloiil  taberde,  and  it  is  produced  by  «  Biii«r- 
jacent  collection  of  gray  matter  termed  the  amygdaloid  nucleua  The  tonia  mm- 
circnlarlB  and  the  attenuated  tail  of  the  caudate  nnclens  are  both  prolonged  into  the 
descending  horn  and  are  carried  forwards,  in  its  roof,  to  the  amygdaloid  nucleus. 

On  the  JlooT  of  the  descending  horn  the  following  structures  are  seen:  d) 
hippocampus  major,  or  the  cornu  ammonis ;  (2)  the  choroid  plexus ;  (3)  the  fimbria ; 
and  (4)  the  eminentia  collateralis. 

The  hippocampus  major  (hippocampus)  is  for  the  most  part  covered  by  the 
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choroid  plexus.  It  is  a  prominent  elevation  on  the  fioor  of  the  deBcending  horn  of 
the  lat^al  Tentricle  and  is  strongly  ourred,  in  conformity  with  the  course  taken 
by  the  horn  in  which  it  lies.  It  therefore  presents  an  internal  concave  margin  and 
an  external  convex  border.  Narrow  behind,  it  enlarges  as  it  is  traced  forwarde, 
and  it  ends  below  the  amygdaloid  tubercle  in  a  thickened  extremity,  which 
presents  some  faint  grooves  or  notobes  on  its  sur&ce.  In  consequence  of  this,  the 
anterior  end  of  the  hippocampus  major  receives  the  name  of  the  pea  hippocam]^. 
The  hippocampus  major  is  the  internal  elevation  which  corresponds  to  the  dentate 
fissure  on  the  exterior  of  the  hemisphere  (Fig.  464). 

If  an  incision  be  made  alone  the  outer  convex  edge  of  the  hippocEtinpua  major,  and  [he  surface 
lamina  be  raised,  the  central  core  will  be  seen  to  present  the  curious  appearance  of  two 
aorrugat«d  layers  dove-tailed  into  each  other  (M'Carthy). 

The  flmbiu  (fimbria  hippocampi)  is  the  narrow  band  of  white  matter  which  is 
attached  by  its  outer  margin  along  the  inner  concave  border  of  the  hippocampus 
major.  The  white  matter  composing  it  is  continuous  with  the  thin  white  layer 
(the  alveus)  which  is  spread  over  the  surface  of  the  hippocampus  major,  and  it 
presents  two  free  surfaces  and  a  sharp  free  inner  border.  The  fimbria  has  already 
been  examined  in  connexion  with  the  hippocampal  fissure  and  the  gyrus  dentatus 


(p.  568),  and  the  relations  which  it  presents  to  the  fornix  and  the  uncus  have  been 
pointed  out 

When  the  pia  mater  in  the  region  of  the  hippocampal  fissure  is  removed  from 
the  surface  of  the  brain,  the  choroid  plexus  in  the  interior  of  the  descending  horn 
41 
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of  the  lateral  ventricle  is  usually  withdrawD  with  it,  and  a  fissure  appears  between 
the  fimbria  and  the  roof  of  the  ventricular  horn.  This  is  the  choroid  flssnrs.  It 
appears  at  a  very  early  date  in  the  development  of  the  cerebral  hemisphere,  aud 
takes  an  arcuate  course  upwards  and  forwards  round  the  binder  end  of  the  optic 
thalamus.  In  the  region  of  the  body  of  the  lateral  ventricle  it  extends  as  far 
forwards  as  the  foramen  of  Monro,  and  is  formed  by  the  involution  of  an  epithelial 
part  of  the  wall  of  the  ventricle  over  the  choroid  plexus  (p.  575).  In  the  region  of 
the  descending  horn,  when  the  choroid  plexus  with  the  involuted  epithelial  layer 
which  covers  it  is  withdrawn,  the  choroid  fissure  is  converted  into  an  artificial  gap 
which  leads  directly  into  this  part  of  the  ventricular  cavity. 

The  choroid  plexus  is  a  convoluted  system  of  blood-vesaels  in  connexion  with  a 
fold  of  pia  mater,  which  is  prolonged  into  the  descending  horn  of  the  lateral 
ventricle.  It  lies  on  the  surface  of  the  hippocampus  major  and  is  continuous 
behind  the  posterior  part  of  the  optic  thalamus,  with  the  choroid  plexus  in  the  body 
of  the  lateral  ventricle.  But  it  must  not  be  supposed  that  the  choroid  plexus  lies 
free  in  the  ventricular  cavity.  It  is  clothed  in  the  most  intimate  manner  by  an 
epithelial  layer,  which  represents  the  inner  or  mesial  wall  of  the  desceuding  horn 
involuted  into  the  cavity  over  the  choroid  plexus.  The  ventricle,  therefore,  only 
opens  on  the  surface  through  the  choroid  fissure  when  this  thin  epithelial  layer  is 
torn  away  by  the  withdrawal  of  the  choroid  plexus.  From  the  above,  it  will  be 
understood  that  the  arcuate  choroid  fissure,  throughout  its  whole  length  (viz.  from 

the  foramen  of  Monro  to  the 
extremity   of  the    deecending 
horn  of  the  lateral  ventricle), 
is  formed  by  the  involution  of 
a   portion   of  the  wall  of  the 
hemisphere  which  remains  epi- 
thelial.    In   the   body  of  the 
ventricle  this  layer  is  attached, 
on  the  one  hand,  to  the  sharp 
"'"'''   lateral  margin  of  the   fornix, 
and  on  the  other  to  the  upper 
ipu8     surface  of  the  optic  thalamus ; 
in  the  descending  bom   it  is 
attached,  in  like  manner,  to  the 
edge  of  the  fimbria  or  posterior 
pillar  of  the  fornix,  whilst  above 
it  joins  the  roof  of  this  portion 
of    the    ventricle    along    the 
line  of  the  tceoia  semicircularis. 
The    eminentia    coll&t«ialis 
i^]«  shows  very  great  differences  in 
,         its  degree  of  development,  and 
it   may   present    two   distinct 
icornu  forma,  which   may   be   distin- 
guished from  each  other  as  the 
eminentia  collateralis  posterior 
and  the  eminentia  coUateralia 
anterior. 

The  posterior  collateral 
eminence  is  a  smooth  eleva- 
tion in   the   floor  of  the   tri- 

FlO.  481.— Dissection  from  above,  to  show  the  posterior  and        gonum    Veutriculi,    in     the    in- 

Ideacendingcomo.  of  the  lateral  utricle.  ^^^^^    ^^^^^    ^    j^jj    (^^^^^ 

B.G.   GUrominra  band  F.D.   Gjtus  lientntuK.  the  cnlcnr  nvin  iitifl    f-.hn   binuO- 

F.      Fimbria.  H,c.  HippocanipBi  convolution,     tne  caicar  avis  aou  line  njppti 

campus  major  as  they  diverge 
from  each  other.  In  the  fcetal  brain  this  is  always  a  very  strongly -marked 
elevation,  which  corresponds  with  the  mid-collateral  fissure,  but  in  t^  course  of 
growth  it  is  apt  to  lose  much  of  its  prominence. 
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The  anterior  collateral  eminence  is  only  occasionally  present.  It  appears  as  an 
elongated  elevation  of  varying  length  and  prominence,  on  the  iloor  of  the  descend- 
ing horn  of  the  lateral  ventricle,  on  the  outer  Bide  of  the  hippocampus  major.  It 
is  formed  by  the  anterior  portion  of  the  fcetal  collateral  sulcus,  when  this  develops 
as  a  complete  fissure. 

Basal  Ganglia  of  the  Cbrkbral  Hemisphbbb. 

Under  this  heading  are  included  certain  masses  of  gray  matter  more  or  less 
completely  embedded  in  the  white  medullary  substance  of  the  hemisphere,  and 
which  are  developed  in  its  wall.  They  compose  the  caudate  and  lenticular  nuclei, 
which  together  form  the  corpus  striatum,  the  claustrum,  and  the  amygdaloid 
nucleus. 

The  caudate 
nnclenB  bulges 
into  the  lateral 
ventricle.  It  is  a 
pyritbrm,  highly- 
arched  mass  of 
gray  matter,  which  ^^^^  ^^  ^ 
presents  a  thick,  ^^t^^^  ^  „ 
swollen  head,  or 
anterior  extremity,  c»nd» 

and  a  long,  attenu-  Anuiior  Umb  i 
atedtail.  The  head  vi 

projects     into     the    Genu  ot  Inlem 

anteriorhomof  the  Aniertor  piii«i 
lateral     ventricle,  '^''''* 

whilst  its  narrower 
part  is  prolonged  j 
outwards       and 
backwards  in  the 
floor  of  the  body     R^treiBnticn 
of    the    ventricle,  """ 

where  it  is  separ-  Hippoam 
at«d  &om  the  optic 
thalamus  by  the 
taenia  semicircul- 
aris.  Finally,  its 
tail  carves  down-  B'n^o'vi 
wards  with  a  bold 
sweep  and   enters  c»ie«ri 

the  descending 
horn  of  the  lateral 
ventricle.  In  the 
roof  of  this  hom 
it  is  prolonged 
forwards  to  the 
amygdaloid  nu- 
cleus, the  lower 
part  of  which  it 
joins.  The  caudate 
nucleus  thus  pre- 
sents a  free  ventricular  surface,  covered  with  ependyma,  and  a  deep  surface 
embedded  in  the  white  substance  of  the  cerebral  hemisphere,  and  for  the  most  part 
related  to  the  internal  capsule. 

Owing  to  its  arched  form  it  follows  that,  in  horizontal  sections  through  the 
cerebral  hemisphere  below  a  particular  level,  it  is  cut  at  two  points,  and  both  the 
head  and  the  tail  appear  on  the  field  of  the  section  (Fig.  465),     In  coronal  sections 
behind  the  amygdaloid  nucleus,  it  is  also  divided  at  two  places  (Fig.  440,  p.  547). 
41  a 
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The  anterior  extremity  of  the  head  of  the  caudate  nucleus  coiucidea  very  nearly 
with  that  of  the  anterior  horn  of  the  lateral  ventricle.  lu  the  region  of  the  locus 
perforatuB  anticus,  the  head  of  the  caudate  nucleus  gains  the  surface  and  ite  gray 
matter  becomes  continuous  with  that  of  the  cerebral  cortex. 

The  lenticular  nncleiiB  lies  on  the  outer  side  of  the  caudate  nucleus  and  optic 
thalamus,  and  is  for  the  most  part  embedded  within  the  white  medullary  substance 
of  the  cerebral  hemisphere.  It  does  not  extend  either  so  far  forwards  or  so  far 
backwards  as  the  caudate  nucleus.  Indeed,  it  presents  a  very  close  correspondence 
in  point  of  extent  with  the  insula  or  inland  of  Beil  on  the  surface.  When  seen  in 
horizontal  section,  it  presents  a  shape  similar  to  that  of  a  biconvex  lens,  lu 
inner  surface  bulges  more  than  the  outer  surface,  and  Its  point  of  highest  convexity 
is  placed  opposite  the  teenia  semicircularis  or  the  interval  between  the  caudate 
nucleus  and  the  optic  thalamus.  In  coronal  section  the  appearance  presented  by 
the  lenticular  nucleus  differs  very  much  in  different  planes  of  section.     Fig.  466 

represents  a  sec- 
tion through  its 
anterior  portion. 
Here  it  is  eemi- 
Qp  lunarorcrescentic 

tudiD  in  outline  and  is 

directly  continu- 
ous   below    with 
the  head  of  the 
corpuH  caudate  nucleus; 

Latani  above,  also,  it  a 

*"'"  iatinmtely     con- 

choro  nee  ted   with   the 

^  caudate     nucleus 

by  bands  of  gray 

matter,    wliich 

pass  between  the 

Bq  two    nuclei    and 

break  upthewhil« 
matter  of  thefore- 
part  of  the  inter- 
vening internal 
capsule.  It  ie 
ciuLiniiii  due  to  the  ribbed 

Fio.  466.— CnBONAi,  SBimofi  throcou  the  Ckhebhal  Hbmisi-hbiibs  so  HI  to  ciit  Qp  barred  appear- 
through  the  anterior  port  (,,uUmen)  of  tU.  1«ntic«l«r  „acl«aB  JD  front  of  the  ^nce, which  ispre- 

globllS  pttlll'lllS.  .      J     1.  L 

sented  by  such  a 
section  as  this,  that  the  term  corpus  striatum  is  apphed  to  the  two  nuclei.  In 
the  region  of  the  locus  perforatus  anticus  both  nuclei  reach  the  surface  and  become 
continuous  with  the  cortex. 

When  a  section  is  made  in  a  plane  further  back  (e.^.  immediately  posterior  to 
the  anterior  commissure,  as  in  Fig.  467)  the  divided  lenticular  nucleus  assumes  an 
altogether  different  shajie,  and  is  seen  to  be  completely  cut  off  from  the  caudat'- 
nucleus  by  the  internal  capsule.  It  is  now  triangular  or  wedge-shaped.  Its  bos' 
is  turned  towards  the  island  of  Keil  and  is  in  direct  relation  to  a  thin  lamina  of 
white  matter,  termed  the  external  capsule.  Its  internal  surface  is  oblique  and  i* 
applied  to  the  internal  capsule,  whilst  its  inferior  surface  ia  horizontal  ami  is 
directed  downwards  towards  the  base  of  the  brain.  But,  further,  two  white  lamina", 
the  external  and  internal  mednllary  laminK,  are  now  evident,  which  traverse  it* 
substance  in  a  vertical  direction  and  divide  it  into  three  zones.  The  outer,  basal, 
and  larger  zone  is  termed  the  putamen ;  the  two  inner  portions  blether  constitute 
the  Klobtu  paUldna. 

The  putamen  forms  much  the  largest  part  of  the  lenticular  nucleus.  It  is 
darker  in  colour  than  the  globus  pallidus,  and  in  this  respect  resembles  the  caudaii' 
nucleus.     It  is  traversed  by  fine  radiating  bundles  of  fibres,  which  enter  it  from  the 
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exteraal  medullary  lamina.  Both  in  point  of  ettucture  and  in  mode  of  development 
it  ie  cloeely  associated  with  the  caudate  nucleus,  and  it  is  the  only  part  of  the  len- 
ticular nucleus  which  ia  connected  by  intervening  bands  of  gray  matter  with  the 
caudate  nucleus.  The  antero-poaterior  length,  as  well  as  the  vertical  depth  of  the 
putamen,  ia  much  greater  than  in  the  case  of  the  globus  pallidus;  consequently,  in 


both  coronal  and  horizontal  sections  through  the  cerebrum  it  is  encountered  before 
the  plane  of  the  globus  pallidus  is  reached. 

The  external  Qipeule  ia  looeely  connected  with  the  outer  surface  uf  the  putamen,  and  it  can  be 
readily  etripped  off.  Thia  accounta  for  the  tendency,  exhibited  in  hteniorrhagea  in  thia  locality, 
for  the  effused  blood  to  spread  out  in  the  interval  between  tliese  atruclurea. 

The  globns  pallidns  is  composed  of  the  two  smaller  and  inner  zones  of  the  lenti- 
cular nucleus.  They  present  a  faint  yellowish  tint,  and  are  paler  and  more 
abundantly  traversed  by  flbres  than  the  putamen.  The  zone  next  the  putamen  (i.e. 
the  intermediate  zone)  is  much  larger  than  the  innermost  subdivision.  It  extends 
forwards  to  a  point  a  little  in  front  of  the  plane  of  the  anterior  commissure.  When 
the  lenticular  nucleus  is  cut  in  a  coronal  direction,  and  in  its  widest  part,  the 
innermost  zone  shows  an  indication  of  a  separation  into  two  parts,  so  that  here  the 
globus  pallidus  appears  to  consist  of  three  subdivisions.  The  morphology  of  the 
globus  pallidus  is  by  no  means  clear. 

Connexions  of  the  Corpus  Striatum. — (l)  Numerous  fibres  pass  from  the  optic 
thalamus  to  the  corpus  atriatum,  and  in  the  reverse  direction  from  the  corpus  striatum 
into  the  thalamus  through  the  anterior  limb  of  the  ititeriial  capsule.  These  may  be 
termed  the  tlialamo- striate  and  the  strio- thalamic  flbres.  (2)  Edinger  describes  a 
conno][ion  between  the  caudate  nucleus  and  the  subatantia  nigra.  The  connecting  fibres 
pus  through  the  subthalamic  region  and  constitute  a  tract  in  the  lueseiicephalon,  in  close 
apposition  with  the  substantia  nigra,  called  the  fltratom  intermediom.  (3)  The  ansa 
lenticolaris  has  previously  been  mentioned.  It  ia  composed  of  fibres  which  come  from  the 
inferior  part  of  the  fore  portion  of  the  thalamus  and  curve  outwards  under  the  lenticular 
nucleus.  They  stream  upwards  into  this  and  through  its  medullary  laminic.  Many  of 
them  apparently  proceed  onwards  to  the  cerebral  cortex,     (4)  Fibres  from  the  posterior 
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limb  of  the  intenial  capsule  (thalamic  fibres  chiefly)  euter  the  leuticular  nucleus  and 
Btreum  through  it,  aud  iU  medullary  lauiinie,  ou  their  way  to  the  cerebral  cortex. 

ClaQBtram. — This  ia  a  thin  plate  of  gray  substance  embedded  in  the  white 
matter,  which  intervenes  between  the  lenticular  nucleus  and  the  gray  cortex  of  the 
insula  or  island  of  Reil.  Followed  in  an  upward  direction,  it  Iwcomea  gradually 
thinner  and   ultimately   disappears.      As   it   is   traced   downwards,   however,    it 
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(Weigert-Pal  Hpecimcii). 
The  section  puaes  tlirougb  the  middle  of  tlie  leaticuUr  aucUui. 

thickens  considerably,  and  at  the  base  of  the  brain  it  comes  to  the  surface  at  the 
anterior  perforated  spot  and  becomes  continuous  with  the  gray  matter  of  the  cortei. 
Its  extent  corresponds  very  closely  with  the  area  occupied  by  the  insula,  and  its 
eurfaoe  towards  this  portion  of  the  cerebral  cortex  shows  ridges  and  depressions 
corresponding  to  the  insular  gyri  and  sulci. 

Amygfdaloid  Nncleas. — lu  the  forepart  of  the  temporal  lobe,  in  front  of,  and 
to  some  extent  above  the  extremity  of  the  descending  horn  of  the  lateral  ventricle, 
there  is  a  round  mass  of  gray  matter,  called  the  amygdaloid  nucleua  The  tail  of 
the  caudate  nucleus  joins  its  lower  part,  whilst  above  it  is  carried  up  into  the  puta- 
men.     In  front  it  is  continuous  with  the  gray  cortex  of  the  cerebrum. 

Tienia  Semicircnlaris. — This  is  a  band  of  fibres  which,  for  the  most  part,  arise 
in  the  amygdaloid  nucleus.  From  this  it  runs  backwards  in  the  roof  of  the  de- 
scending horn  of  the  lateral  ventricle,  and  then  arches  upwards  and  forwards,  so  as 
to  gain  the  floor  of  the  body  of  the  lateral  ventricle.  In  both  situations  it  lies 
close  to  the  inner  side  of  the  nucleus  caudatus,  and  finally,  at  the  foramen  of 
Monro,  it  bends  downwards  towards  the  anterior  conmiisaure.  Some  of  its  fibres 
pass  in  front  and  others  behind  the  commissure,  and  ultimately  they  end  in  the 
locus  perforatuB  anticus  (XiJlliker). 

Internal  Capsnle. — This  term  is  applied  to  the  broad  band  of  white  matter 
which  intervenes  between  the  lenticular  nucleus,  on  the  outside,  and  the  optic 
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thalamus,  taenia  semicircularis,  and  caudate  nucleus  on  the  inner  side.  It  presents 
many  different  appearances,  according  to  the  plane  in  which  the  brain  is  cut.  In 
the  region  of  the  mesencephalon,  a  coronal  section  through  the  brain  shows  that  in 
great  part  the  internal  capsule  is  directly  continuous  with  the  crusta  of  the  crus 
cerebri  (Fig.  440,  p.  547).  In  horizontal  section  the  internal  capsule  is  observed  to 
be  bent  upon  itself  opposite  the  taenia  semicircularis,  or  the  interval  between  the 
caudate  nucleus  and  the  thalanms.  This,  bend,  which  points  inwards,  is  called  the 
genu.  About  one-third  of  the  internal  capsule  lies  in  front  of  the  genu,  and  is 
termed  the  anterior  limb ;  the  remaining  two-thirds,  which  lie  behind  the  genu, 
constitute  the  posterior  limb. 

The  anterior  limb  of  the  internal  capsule  intervenes  between  the  lenticular 
nucleus  and  the  caudate  nucleus.  In  its  lower  and  forepart  it  is  much  broken  up 
by  the  connecting  bands  of  gray  matter  which  pass  between  the  forepart  of  the 
putamen  and  the  lenticular  nucleus. 

The  anterior  limb  of  the  iuternal  capsule  is  largely  composed  of  corticipetal  fibres 
belonging  to  the  thalamic  radiation.  It  likewise  contains  corticifugal  fibres.  The 
corticipetal  fibres  are  of  two  kinds,  viz.  thalamo-frontal  and  thalamo-striate.  The 
former,  which  arise  in  the  optic  thalamus,  go  through  the  anterior  limb  of  the  internal 
capsule  to  reach  the  cortex  of  the  frontal  lobe.  The  thalamo-striate  fibres  likewise  arise 
in  the  thalamus  and  enter  the  anterior  limb,  to  reach  the  caudate  and  lenticular  nuclei. 

The  corticifugal  fibres  are  represented  by  the  fron to- thalamic,  the  strio-thalamic,  and 
the  fronto-pontine  tracts. 

The  fironto-pontine  tract  arises  in  the  cortex  of  the  prefrontal  region,  traverses  the 
anterior  limb  of  the  internal  capsule,  forms  the  inner  fifth  of  the  crusta  of  the  crus  cerebri, 
and  finally  ends  in  the  nucleus  pontis. 

The  posterior  limb  of  the  internal  capsule  is  placed  between  the  optic  thalamus 
and  the  lenticular  nucleus,  and  it  extends  backwards  for  a  short  distance  beyond 
the  hinder  end  of  the  putamen  on  the  outer  side  of  the  posterior  part  of  the 
thalamus  and  of  the  tail  of  the  caudate  nucleus.  The  posterior  limb,  therefore,  is 
spoken  of  as  consisting  of  a  lenticular  and  a  retrolenticular  part. 

The  lenticular  part  of  the  posterior  limb  is  composed  of  both  corticipetal  and  cortici- 
fugal fibres.  The  corticipetal  fibres  enter  the  internal  capsule  from  the  outer  aspect  of 
the  optic  thalamus,  and  are  composed  of  fibres  which  arise  within  the  thalamus,  and  proceed 
upwards  to  the  cerebral  cortex. 

The  corticifugal  fibres  consist  of  the  pyramidal  tract  and  the  cortico- thalamic  fibres. 

The  great  motor  or  pyramidal  tract,  descending  from  the  Rolandic  area  of  the  cortex, 
occupies  the  anterior  half  of  the  lenticular  part  of  the  internal  capsule.  The  fibres,  which 
go  to  the  nucleus  of  the  facial  nerve,  lie  close  to  the  genu,  and  behind  these  are  the 
fibres  which  go  to  the  hypoglossal  nucleus ;  still  further  back  are  pyramidal  fibres  which 
enter  the  spinal  cord  and  end  around  the  motor  cells  of  the  anterior  horn  of  gray  matter. 
This  pyramidal  tract  has  been  observed  occupying  the  middle  part  of  the  crusta  of  the 
crus  cerebri,  into  which  it  passes  directly  from  the  internal  capsule. 

The  retrolenticular  part  of  the  posterior  limb  contains:  (1)  the  fibres  of  the  optic 
radiation  as  they  pass  to  establish  their  connexions  with  the  thalamus,  superior  quadri- 
gemioal  body,  and  corpus  geniculatum  externum ;  (2)  the  fibres  of  the  auditory  radiation, 
or  those  which  connect  the  auditory  cortical  field  in  the  temporal  lobe  with  the  corpus 
geniculatum  internum  (Figs.  418,  p.  520,  and  Fig.  439,  p.  546)  ;  (3)  the  temporo-pontine 
tract,  which  is  composed  of  fibres  which  take  origin  in  the  two  upper  convolutions  of  the 
temporal  lobe  and  pass  through  this  section  of  the  internal  capsule  to  reach  the  outer 
part  of  the  crusta  of  the  crus  cerebri.  Through  this  they  reach  the  ventral  part  of  the 
pons,  in  the  gray  matter  of  which  they  end. 

When  the  fibres  of  the  internal  capsule  are  traced  upwards  they  are  found  to 
spread  out  widely  from  each  other  in  a  radiating  or  fan-shaped  manner,  so  as  to 
reach  the  various  convolutions  of  the  cerebral  hemisphere.  This  arrangement  is 
termed  -the  corona  radiata.  The  callosal  system  of  fibres,  as  they  proceed  into  the 
hemisphere,  also  radiate,  and  they  intersect  the  fibres  of  the  corona  radiata  (Fig. 
468,  p.  582). 

External  Oapsnle. — The  thin  lamina  of  white  matter  between  the  outer  aspect 
of  the  putamen  and  the  claustrum  is  called  the  external  capsule.     This  joins  with 
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the  internal  capsule  in  front  of  and  behind  the  putamen,  and  in  this  manner  the 
lenticular  nucleus  is  encapsulated  by  white  matter. 

Morphological  Subdivision  of  the  Oerebral  Hemisphera— In  many  respects  the  descrip- 
tive anatomy  of  the  human  cerebral  hemisphere  is  not  in  accoid  with  the  facts  which  hare  been 
acquired  regarding  its  morphological  evolution ;  and  of  recent  years  this  discrepancy  has  become 
more  marked  through  the  important  researches  of  Elliot  Smith. 

From  the  morpnological  point  of  view  the  cerebral  hemisphere  may  be  regarded  as  being 
coinposed  of  three  parts,  viz.  the  rhinencephalon,  the  corpus  striatum,  ana  the  neo-pallium. 

The  rhinencepnalon  is  the  most  archaic  part  of  the  hemisphere,  and  in  the  Drains  of  the 
lower  vertebrates  (fishes,  amphibians,  reptiles)  it  constitutes  its  chief  bulk.  In  the  human  brain 
it  is  represented  by  the  olfactory  bulb,  olfactory  tract  and  its  roots,  the  anterior  perforated 
space,  the  uncus,  the  gyrus  subcalloeus,  the  septum  lucidum,  the  hippocampus,  fornix,  gyrus 
dentatus,  and  the  gyrus  supracallosus. 

The  uncus,  with  the  aborted  lateral  stria  of  the  olfactory  peduncle,  is  all  that  remains  in  the 
human  brain  of  the  relatively  huge  pyriform  lobe  of  many  of  the  lower  mammala  The  hippo- 
campal  convolution  which  lies  to  the  outer  side  of  the  dentate  fissure,  although  it  runs  con- 
tinuously into  the  uncus,  is  not  a  part  of  the  rhinencephalon.  It  belongs  to  the  neo-paUium. 
The  feeble  furrow,  termed  the  incisura  temporalis  which  separates  the  uncus  from  the  temporal 
pole,  is  one  of  the  most  primitive  of  the  cerebral  fissures.  It  represents  the  rhinal  or  ecto-rninal 
fissure — the  bounding  fissure  of  the  rhinencephalon. 

The  neo-pallium  is  represented  by  the  rest  of  the  hemisphere,  exclusive  of  the  corpus  striatum. 
It  therefore  comprises  almost  the  whole  of  the  convoluted  cortex  on  the  surface  together  with  its 
associated  white  matter.  The  great  development  of  the  neo-pallium  in  man  is  one  of  the  meet 
.distinctive  characters  of  the  human  brain. 

In  their  phylogenetic  evolution  the  rhinencephalon  and  the  neo-pallium  appear  to  develop 
more  or  less  independently  of  each  other.  In  certain  cases  the  former  atrophies,  whilst  the 
neo-pallium  attains  a  high  degree  of  development  (e.g.  man,  monkey,  whale,  etc.),  in  others  the 
reverse  development  occurs  {e.g.  hedgehog  and  many  other  mammals),  in  which  the  rhinencephalon 
forms  a  large  part  of  the  hemisphere  and  the  neo-pallium  is  relatively  smalL 

Intimate  Structure  of  the  Cerebral  Hemisphere. 

The  cerebral  hemisphere  is  composed  of  an  external  coating  of  gray  matter, 
termed  the  cortex,  spread  over  an  internal  mass  of  white  matter,  which  is  called  the 
medullary  centre.  The  cortex  is  of  peculiar  interest,  seeing  that  there  is  good  reason 
for  believing  that  in  it  the  higher  functions  of  the  brain,  or  those  which  may  be 
classed  under  the  general  designation  of  the  intellectual  functions,  take  place.  It 
is  within  the  same  layer  of  gray  matter  that  the  influence  of  those  external  impres- 
sions, which  gain  access  to  the  cerebro-spinal  axis  through  the  senses,  finally  take 
shape  as  consciousness ;  and  in  it  also  are  placed  the  centres  which  carry  on  the 
psycho-motor  functions.  The  white  medullary  centre  is  composed  of  nerve-fibres 
which  constitute  the  paths  along  which  the  influence  of  impressions  is  carried  to 
and  from  the  cortex,  and  from  one  part  of  the  cortex  to  another. 

The  Cerebral  Cortex. 

The  gray  cortex  is  spread  over  the  entire  surface  of  the  cerebral  hemisphere,  but 
it  does  not  form  a  layer  of  equal  thickness  in  all  localities.  At  the  summit  of  a 
convolution  it  is  always  thicker  than  at  the  bottom  of  a  furrow.  The  maximum 
thickness  of  cortex  (about  6  mm.)  is  attained  in  the  upper  parts  of  the  two  central 
convolutions,  whilst  the  minimum  (about  2*5  mm.)  may  be  observed  in  the  region 
of  the  occipital  pole.  The  amount  of  gray  cortex  differs  considerably  in  different 
individuals,  and  appreciably  diminishes  in  old  age.  It  is  also  stated,  but  upon 
imperfect  evidence,  that  it  is  relatively  more  abundant  in  the  male  than  in  the 
female. 

In  structure,  likewise,  marked  differences  may  be  noted  in  the  gray  cortex  of 
different  regions,  and  excellent  work  haa  been  recently  done  in  the  direction 
of  connecting  these  structural  peculiarities  with  the  functional  characteristics 
of  particular  areas  and  applying  them  to  the  determination  of  morphologiciU 
problems  connected  with  the  cerebral  surface  (Campbell  and  Bolton).  In  certain 
localities  this  structural  difference  is  quite  apparent  to  the  naked  eye  when  sections 
are  made  through  the  cortex.  There  are,  however,  no  sharp  transitions  in  structure. 
One  form  of  cortex  passes,  as  a  rule  gradually  and  almost  insensibly,  into  the  variety 
of  cortex  which  is  distinctive  of  an  adjoining  region,  and  throughout  the  whole 
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mass  a  general  ground  type  may  be  recognised.  It  is  only  to  those  general 
structural  features  which  more  or  less  characterise  the  entire  cortical  layer  that  we 
shall  be  able  to  refer. 

When  sections  are  made  through  the  fresh  brain,  and  the  cut  surface  is  closely 
inspected,  it  will  usually  be  apparent  that  the  cortex  is  indistinctly  sti'atified.  On 
the  outside  there  is  a  thin,  whitish  layer,  and  beneath  this  the  gray  matter  presents 
two  strata  of  very  nearly  equal  thickness,  viz.  a  middle,  gray-coloured  stratum  and 
an  inner,  yellowish-red  stratum.  Between  the  two  latter  layers  a  narrow  white 
band  is,  in  many  places,  visible.  This  is  termed  the  outer  band  of  Baillarger.  When 
the  layers  indicated  above  are  present,  four  strata  superimposed  on  each  other  are 
recognised ;  but  in  certain  regions,  as,  for  instance,  in  the  anterior  central  convolu- 
tion, a  second  white  streak  traverses  the  deep  or  inner  gray  layer  and  divides  it  into 
two.  This  is  termed  the  inner  white  band  of  Baillarger,  and,  when  it  is  present,  the 
gray  cortex  becomes  divided  obscurely  into  six  alternating  white  and  gray  layers. 

The  outer  band  of  Baillarger  is  strongly  marked  in  the  region  of  the  calcarine 
fissure  and  gives  a  characteristic  appearance  to  this  portion  of  the  cortex.  In  this 
locality  it  receives  the  name  of  the  band  of  Vicq  d'Azyr  or  the  stria  of  Gennari 
(Fig.  465,  p.  579). 

According  to  Henachen  the  visual  centre  is  strictly  limited  to  the  region  in 
which  the  stria  of  Gennari  is  present.  Elliot  Smith  applies  the  name  of  "  striated 
area  "  to  this  cortical  district,  and  considers  that  it  afibrds  a  means  of  identifying 
homologous  sulci  in  the  brains  of  man  and  the  apes. 

To  obtain  a  full  UDderstanding  of  the  minute  structure  of  the  cerebral  cortex  many 
different  methods  must  be  employed,  and  it  is  only  by  combining  the  several  separate 
pictures  which  are  thus  afforded  that  the  end  in  view  is,  in  some  measure,  reached. 

The  stratification  indicated  above  has  little  bearing  upon  the  more  essential  points  of 
the  intimate  structure  of  the  cortex.  The  three  white  layers  are  brought  about  by 
aggregations  of  fibres  running  in  a  tangential  direction,  or,  in  other  words,  in  a  direction 
parallel  to  the  surface  of  the  convolution. 

Nerve-cells. — According  to  the  arrangement  and  the  characters  presented  by  the 
nerve*oell8  which  are  met  with  at  different  depths,  it  is  now  usual  to  recognise  four  layers 
in  the  cortex.     These  are  :  (1)  the  stratum  zonale  ;  (2)  the  layer  of  small  pyramidal  cells ; 

(3)  the  layer  of  large  pyramidal  cells ;  and  (4)  the  layer  of  polymorphic  cells. 

As  the  pyramidal  cells  are  specially  characteristic  of  the  cerebral  cortex,  we  shall,  in 
the  first  instance,  describe  the  two  layers  which  contain  them.  The  difference  between 
these  two  layers  largely  depends  upon  the  difference  in  the  size  of  the  constituent  cells. 
Taken  together,  the  second  and  third  layers  constitute  the  chief  part  of  the  cortex ;  they 
merge  insensibly  into  each  other,  and,  in  the  parietal  and  frontal  lobes,  the  layer  of  large 
pyramidal  cells  is  the  thickest  of  all  the  layers.  In  both  of  these  strata  the  pyramidal 
cells  present  the  same  form,  and  apparently  also  similar  connexions. 

A  psrramidal  cell  has  a  triangular  outline.  Its  apex  is  directed  towards  the  surface 
of  the  convolution  and  is  drawn  out  into  a  long,  tapering,  apical,  dendritic  process ;  its 
base  is  turned  towards  the  medullary  centre  of  the  gyrus,  and  from  this  (usually  from  the 
centre)  a  slender  axon  proceeds.  Numerous  lateral  dendrites  are  given  ofi*  from  both  sides 
of  the  cell-body,  and  particularly  from  the  two  basal  corners.  The  apical  dendrite  varies 
in  length,  according  to  the  depth  at.  which  the  cell  is  placed  in  the  cortex.  In  every  case 
it  passes  straight  towards  the  surface  of  the  convolution.  Every  here  and  there  fine 
lateral  branches  come  off  from  it,  and  ultimately  it  enters  the  stratum  zonale,  where, 
close  to  the  surface,  it  ends  by  breaking  up  into  a  large  number  of  fine  terminal  filaments, 
which  spread  out  horizontally  in  every  direction  and  interlace  closely  with  the  corre- 
sponding filaments  of  other  pyramidal  cells  and  with  the  other  elements  of  this  layer. 

The  axon  of  the  cell  descends,  gives  off  collaterals,  assumes  a  medullary  sheath,  and 
enters  the  central  white  core  of  the  gyrus  as  a  nerve  fibre. 

The  stratum  zonale  is  chiefly  composed  of  fibres  which  run  in  a  tangential  direction,  or, 
in  other  words,  parallel  to  the  surface.  These  form  an  interlacement  of  considerable  density 
and  extreme  complexity.  The  elements  which  for  the  most  part  enter  into  the  formation 
of  this  feltwork  are :  (1)  the  terminal  filaments  of  the  apical  dendrites  of  the  pyramidal 
cells ;  (2)  the  terminal  filaments  of  certain  corticipetal  fibres,  which  enter  the  cortex  from 
the  white  centre  of  the  gyrus  ;  (3)  the  axons  of  certain  small  cells  peculiar  to  this  stratum  ; 

(4)  the  axons  of  the  cells  of  Martinotti.     Spread  over  the  surface  of  this  tangential  inter- 
lacement of  fibres,  which  constitutes  the  most  important  part  of  the  stratum  zonale,  there 
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feltwork  of  iutercrossiog  fibres  is  evident.  After  the  radiating  fibre-bundles  bave  dis- 
appeared the  same  feitwurk  of  fibres  ia  visible  in  the  gray  matter,  and  consequently  it  is 
couveuient  to  distiogmsb,  with  Edinger,  an  inter-radial  feltwork  and  u  supra-radial  felt- 
work  of  fibres  in  the  cortes;.  The  fibres  which  enter  into  the  composition  of  the  different 
radiul  bundles  vary  iu  number  from  ten  to  twenty,  and  they  gradually  diminish  in  number 
as  they  proceed  onwards.  This  diminution  is  due  to  their  joining  the  various  cells  that 
they  meet  (both  polymorphic  and  pyramidal)  as  their  axons.  The  fibres  in  a  given  bundle 
also  vary  much  iu  size,  and  it  may  be  noticed  that  the  largest  fibres  disappear  in  the 
vicinity  of  the  lar^c  pyramidal  cells,  which  shows  clearly  that  it  is  with  these  that  they 
are  connected.  But,  in  addition  to  cell-aions,  the  radial  bundles  contain  fibres  of  an 
altogether  different  type,  viz.  eorticipetal  fibres,  which  pass  through  all  the  layers  of  the 
cortex  and  end  in  fine  t«niiiuai  filaments  in  the  tangential  interlacement  of  tbe  stratum 

The  inter-radial  and  supra-radial  feltwork  is  largely  formed  of  tbe  collaterals  which 
issue  from  the  axons.  By  a  condensation  of  this  feltwork  the  two  bands  of  Baillarger  are 
formed.  The  outer  band,  which  is  the  broader  and  better  marked,  occurs  in  the  deeper 
part  of  the  layer  of  the  lai^e  pyramidal  cells.  The  inner  band,  when  present,  is  formed 
in  the  superficial  part  of  the  layer  of  polymorphic  cells. 

Another  condensation  of  the  fibre-feltwork  in  the  superficial  part  of  the  supm-radial 
region  may  be  noted  in  certain  localities.     This  is  termed  the  band  of  Bechterew. 

It  lias  been  noted  that  up  to  a  certain  point  the  tangential  fibres  increase  iu  quantity 
as  age  advances,  and  there  is  reason  to  believe  that  upon  the  richness  with  which  the 
gray  cortex  is  supplied  with  fibres — more  especially  of  the  tangential  variety — depends  to 
some  extent  the  intellectual  capacity  of  an  individual. 

Whilst  tbe  general  mass  of  the  cortes  for  the  moat  part  conforms  more  or  less  closely 
to  the  ground-type  described  above,  showing  merely  deviations  characteristic  of  the 
different  regions,  there  ia  oiie  part  of  the  cortex,  viz.  the  conm  ammonia  and  the  fascia 
dentata,  in  which  the  structural  arrangement  of  the  elements  is  very  markedly  different. 
To  some  extent  this  is  due  to  the  complicated  manner  iu  which,  iu  this  region,  the  cortex 
is  folded  upon  itself. 

Olfactory  Tract  and  Bulb. 

The  olfactory  tract  and  bulb  arise  as  a  hollow  outgrowth  from  the  primitive  cerebiwl 
vesicle.  Iu  many  animals  with  a  well-developed  olfactory  apparatus,  the  tract  and  bulb 
remain  hollow;  but  in  man  the  central  cavity  becomes 
obliterated,  although  traces  of  the  original  hollow  persist 
in  the  shape  of  ependymal  remains,  visible  in  the  centre 
of  both  tract  and  bulb.  Outside  these  eptendyraal 
elements  is  a  coating  of  white  matter,  upon  vrhich  is 
laid  the  gray  matter.  The  gray  matter,  however,  is 
by  no  means  uniformly  distributed  over  the  surface. 
In  the  tract,  except  along  the  dorsal  edge,  it  is  so  thinly 
spread  that  it  is  hardly  appreciable.  In  the  bulb,  on 
the  other  hand,  there  is  very  little  gray  matter  on  the 
doreum,  but  a  considerable  quantity  on  the  ventral 
surface ;  and  it  is  into  this  that  the  delicate  nerves  which 
enter  the  cranium  through  the  cribriform  plate  of  the 
ethmoid  bone  sink,     A  brief  description  of  the  structure 

of  this  infrabnlbar  mass  of  gray  matter,  as  well  as  of  >."<• 

the  connexions  established  by  its  elements,  now  becomes  " 


The  fibres  of  the  delicate  olfactory  nerves   are  to 
be  regarded  as  the  axons  of  tiie  olfactory  cells  of  the 

olfactory  mucous  membrane.      They  enter  the  ventral  i,u,„.n» 

surface  of  the  olfactory  bulb,  and  there  each  breaks  up  i«rt 

ill  an  arborescent  fashion  into  a  tuft  of  terminal  filaments. 
A  thick  dendrite  from  a  mitral  cell  of  the  bulb  passes 
down  towards  this  terminal  tuft,  and,  coming  into  con-  -fmsu-i 

tact  with    it,  breaks  up  and   terminates   in    a   similar    p,,,   ^jq DiAiiBAM  of  ths  Mtni'tb 

manner.      In  this  way  a  large  number  of  globular  bodies,     Strdctubb  of  thk  Olfactory  Bvlb. 
formed   by   the   arborescent    terminations  of  a   mitral 

dendrite  and   of   certain    olfactory  nerve-fibres,   are  formed.      These  are  the  ol&ctoiy 
glomsruli  of  the  bulb.     The  mitral  cells  lie  deeper  in  the  olfactory  bulb.     Each  gives 
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off  several  dendrites  and  one  axon.  Only  one  dendrite  enters  into  the  formation  of  a 
glomerulus,  but  several  nerve-fibres  may  be  connected  with  such  a  body.  It  thus  happens 
that,  through  its  dendrite,  a  mitral  cell  may  stand  in  connexion  with  several  olfactory 
nerve-fibres.  The  axon  of  the  mitral  cell  passes  upwards  to  the  white  matter  of  the 
bulb,  enters  this,  and  is  conducted  through  the  tract  towards  the  cerebral  cortex. 

White  Medullart  Centre  of  the  Cerebral  Hemisphere. 

The  white  matter  of  the  hemisphere  which  lies  subjacent  to  the  gray  cortex  is 
composed  of  medullated  nerve-fibres,  arranged  in  a  very  intricate  manner.  Accord- 
ing to  the  connexions  which  they  establish  these  fibres  may  be  classified  into  three 
distinct  groups,  viz.  (1)  commissural  fibres;  (2)  association  fibres;  and  (3)  projec- 
tion fibrea 

GommiBSural  Fibres. — These  are  fibres  which  link  together  portions  of  the 
gray  cortex  of  opposite  cerebral  hemispheres.  They  are  arranged  in  three  groups 
forming  three  definite  structures,  viz.  the  corpus  callosum,  the  anterior  commissure, 
and  the  psalterium  or  the  hippocampal  commissure. 

The  corpus  callosum  has  in  a  great  measure  been  already  studied  (p.  570).  As 
it  enters  each  hemisphere,  its  fibres  spread  out  in  an  extensive  radiation  (the  radia- 
tion of  the  corpus  callosum).  It  thus  comes  about  that  every  part  of  the  cerebral 
cortex,  with  the  exception  of  the  bulbus  olfactorii  and  the  under  and  fore  part  of 
the  temporal  lobe,  is  reached  by  the  callosal  fibres.  But  it  should  be  clearly  under- 
stood that  all  the  regions  of  the  cortex  do  not  receive  an  equal  proportion  of  fibres ; 
in  other  words,  some  cortical  areas  would  appear  to  be  more  plentifully  supplied 
than  others.  Another  point  of  some  importance  consists  in  the  fact  that  the  callosal 
fibres  do  not,  as  a  rule,  connect  together  symmetrical  portions  of  the  gray  cortex. 
As  the  fibres  cross  the  mesial  plane  they  become  greatly  scattered,  so  that  most 
dissimilar  parts  of  the  cortex  of  opposite  hemispheres  come  to  be  associated  with 
each  other. 

Each  callosal  fibre  arises  in  one  hemisphere  and  ends  by  fine  terminal  arborisations 
in  the  cortex  of  the  opposite  hemisphere.  It  may  arise  in  any  one  of  three  ways,  viz. 
(1)  as  the  axon  of  one  of  the  cortical  cells,  either  pyramidal  or  polymorphic;  (2)  as  the 
collateral  of  a  fibre  of  association ;  (3)  as  the  collateral  of  a  fibre  of  projection. 

Many  cases  have  been  recorded  in  which,  through  congenital  defect^  the  corpus 
callosum  has  not  been  developed.  In  the  description  of  this  structure  on  p.  570  attention 
has  been  called  to  a  layer  of  callosal  fibres  which  sweep  over  the  posterior  and  descending 
horns  of  the  lateral  ventricle,  so  as  to  form  the  immediate  outer  wall  of  the  cavity.  This 
layer  is  called  the  tapetom,  and  it  has  been  stated  that  when  the  corpus  callosum  is 
absent  the  tape  turn  is  found  in  a  well-developed  condition.  Further,  it  has  been  asserted 
that  in  cases  where  the  corpus  callosum  has  been  experimentally  destroyed  the  tapetmu 
suffered  no  degeneration  (Muratoff).  Certain  anatomists  are,  therefore,  inclined  to  argue 
that  the  tapetum  has  little  or  no  connexion  with  the  corpus  callosum.  This  assertion, 
however,  cannot  by  any  means  be  regarded  as  being  proved.  There  is  a  large  amount  of 
evidence  on  the  other  side.  Thus,  Miugazzini  has  seen  a  case  of  failure  of  the  corpus 
callosum  which  was  accompanied  by  a  corresponding  defect  in  the  tapetum,  whilst  soften- 
ing of  the  splenium  and  the  forceps  major  has  been  observed  by  Anton  to  be  accompanied 
by  a  secondary  degeneration  of  the  tapetum.  Further,  the  recent  experimental  evidence 
of  Ferrier  and  Turner  would  appear  to  support  the  older  view  that  the  tapetum  is  associated 
in  the  closest  manner  with  the  corpus  callosum. 

The  anterior  commissure  (commissura  anterior)  is  a  structure  supplemental  to 
the  corpus  callosum.  It  connects  together  the  two  olfactory  lobes,  and  also  portions 
of  opposite  temporal  lobes.  It  presents  a  cord-like  appearance  and  is  arranged  in 
the  form  of  a  horse-shoe,  the  concavity  of  which  looks  backwards.  The  middle  free 
portion  is  placed  immediately  in  front  of  the  anterior  pillars  of  the  fornix  as  they 
curve  downwards,  and  also  in  intimate  relation  to  the  anterior  end  of  the  third 
ventricle.  Posteriorly,  the  small  portion  of  the  anterior  commissure  which  appears 
in  the  ventricle  between  the  two  pillars  of  the  fornix  is  clothed  with  the  ventricular 
ependyma ;  anteriorly,  the  commissure  is  connected  with  the  lamina  cinerea  as  it 
stretches  from  the  optic  chiasma  upwards  towards  the  rostrum  of  the  corpus 
callosum. 


COMMISSURAL  FIBRES  589 

The  lateral  part  of  the  anterior  commlseure  penetrates  the  cerebral  hemisphere, 
and,  gaining  the  lower  part  of  the  anterior  end  of  the  internal  capsule,  divides  into 
two  portions,  tIz.  a  small  lower  ol&ctory  part  and  a  much  larger  temporal  part. 

The  ol&ctorr  portlos  of  the  anterior  conuniBsure  is  an  exceedingly  small  fasoi- 
culus.  It  paaaes  downwards  and  forwards,  and  finally  enters  the  olfactory  tract. 
It  is  composed  (1)  of  true  commissural  fibres,  which  bind  one  olfactory  bulb  to  the 
other ;  and  (2)  of  other  fibres,  which  connect  the  olfactory  bulb  of  one  side  with 
the  temporal  lobe  of  the  other  side. 

The  temporal  portion  is  formed  of  almoet  the  whole  of  the  fibres  of  the  com- 
missure. It  is  carried  transversely  outwards,  under  the  lenticular  uucleus,  until  it 
gains  the  interval  between  the  globus  pallidus  and  the  putamen.     At  this  point  it 


1  p 
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changes  its  direction  and  sweeps  backwards.  In  coronal  sections  through  the 
hrain,  behind  this  bend,  the  temporal  portion  of  the  anterior  commissure  appear^  as 
an  oval  bundle  of  fibres  cut  transversely  and  placed  in  close  contact  with  the  under 
surface  of  the  lenticular  nucleus  (Fig.  468,  p.  582).  Finally,  it  turns  sharply  down- 
wards on  the  outer  aspect  of  the  amygdaloid  nucleus,  and  its  fibres  are  lost  in  the  white 
medullary  centre  of  the  temporal  lobe.  The  precise  part  of  the  cerebral  cortex  with 
which  these  fibres  stand  in  connexion  is  not  known.  When  the  lateral  part  of  the 
anterior  commissure  is  displayed  by  dissection,  it  is  seen  to  be  twisted  like  a  rope. 

The  psalterinm,  or  the  taippocampal  commissnre,  is  composed  of  fibres  which  con- 
nect the  cornu  ammonia  of  one  side  with  the  corresponding  structure  of  the  opposite 
side     It  is  described  on  p.  572. 

ABSOCiation  Fibres. — The  association  fibres  bind  together  different  portions  of 
the  cortex  of  the  same  hemisphere.  They  are  grouped  into  long  and  short  associa- 
tion bundles. 

The  greater  number  of  the  short  association  fibres  pass  between  adjacent 
convolutions.  They  curve  round  the  bottom  of  the  sulci  in  U-shaped  loops.  Some 
of  these  occupy  the  deepest  part  of  the  gray  cortex  itself,  and  are  termed  intracortieal 
tusoeiation  Jthret  {Fig.  469.  p.  586) ;  others  lie  immediately  subjacent  to  the  gray 
matter — between  it  and  the  general  mass  of  the  white  matter — and  receive  the 
name  of  subcortical  fibres.  Many  groups  of  short  association  fibres,  instead  of  linking 
together  contiguous  convolutions,  pass  between  gyri  more  or  less  remote.     It  is  only 
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after  birth,  when  intellectual  effort  and  education  have  etimulated  different  portions 
of  the  cortex  to  act  in  harmony  and  in  conjunction  with  each  other,  that  these 
association  fibres  assume  their  sheaths  of  medulla  and  become  functional. 

The  lon^  association  fibres  are  arranged  in  bundles  which  run  for  considerable 
distances  within  the  white  meduUarf  centre  of  the  cerebral  hemisphere,  and  unite 
districts  of  gray  cortex  which  may  be  far  removed  from  each  other.  The  better 
known  of  these  iasciculi  are  the  following;  (1)  the  uncinate;  (2)  the  cingulum; 
(3)  the  superior  longitudinal ;  (4)  the  inferior  longitudinal ;  (p)  the  occipito-frontal. 

The  foscicnlns  imcinatns  is  composed  of  fibres  which  arch  over  the  stem  of  the 
Sylvian  fissure  and  connect  the  firontal  pole,  and  the  orbital  convolutions  of  the 
frontal  lobe,  with  the  front  portion  of  the  temporal  lobe. 

The  cingolnm  is  a  very  well-marked  and  distinct  band,  which  is  closely  associated 
with  the  limbic  lobe.  Beginning  in  front,  in  the  region  of  the  anterior  perforated 
spot,  it  arches  round  the  genu  of  the  corpus  callosum  and  is  carried  backwards  on 
the  upper  surface  of  this  structure  at  the  place  where  its  fibres  pass  into  the 
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(Founded  on  the  drawinga  of  D^jerine.) 
A.  Outer  aspect  o(  hemiaphera.  B.  loner  aspect  at  hemisphere. 

calloeal  radiation.  The  cingulum,  therefore,  lies  under  cover  of  the  callosal  gyrus 
and  stands  in  intimate  relation  to  the  white  centre  of  this  convolution  (Fig.  457, 
p.  570).  At  the  hinder  end  of  the  corpus  callosum  the  cingulum  turns  round 
the  splenium  and  is  carried  forwards,  in  relation  to  the  bippocampal  gyrus,  to  the 
uncus  and  the  temporal  pole.  The  cingulum  is  composed  of  several  systems  of 
fibres  which  only  run  for  short  distances  within  it. 

The  foscicnlns  lonsitndioalls  saparior  is  an  arcuate  bundle  which  is  placed  on  the 
outer  aspect  of  the  foot  or  basal  part  of  the  corona  radiata  and  connects  the  frontal, 
occipital,  and  temporal  regions  of  the  hemisphere.  It  lies  in  the  base  of  the  fronto- 
parietal operculum  and  sweeps  backwards  over  the  insular  region  to  the  posterior 
end  of  the  Sylvian  fissure.  Here  it  bends  downwards  round  the  hinder  end  of  the 
putameu  and  proceeds  forwards  in  the  temporal  lobe,  to  reach  its  anterior  extremity. 
As  it  turns  downwards  to  reach  the  temporal  lobe  numerous  fibres  radiate  from  it 
into  the  occipital  lobe. 

The  fiwcicnlns  longitndinalis  inferior  is  a  very  conspicuous  bundle  which  extends 
along  the  whole  length  of  the  occipital  and  temporal  lobes  (Fig.  457,  p-  570).  In  the 
occipital  lobe  it  is  placed  on  the  outer  aspect  of  the  optic  radiation,  which  takesa  similar 
direction  and  from  which  it  is  distinguished  by  the  greater  coarseness  of  its  fibres 
(Figs.  462,  p.  576 ;  465,  p.  578 ;  473,  p.  592).  It  is  not  present  in  the  macaque 
monkey  (Ferrier  and  Turner),  but  is  well  developed  in  the  orang  and  the  chimpanzee, 

The  flasdcnliis  occiplto-frontalls  is  a  bundle  of  fibres  nhich  runs  in  a  sagittal  direction 
in  intimate  relation  to  the  lateral  ventricle  (Fig,  468,  p.  682).  It  has  been  pointed  out 
(Forel,  Onufrowicz,  and  othera)  that,  in  cases  where  the  corpus  callosum  fails  to  develop, 
the  tapetum  remains  apparently  unaffected,  and  D^jerioe  has  endeavoured  to  prove  that 
the  fibres  of  this  layer  really  belong  to  the  fasciculuH  occipito-frontalis.  Acoordii^  to 
D^jerine,  the  fasciculuB  oocipito-frontalis  lies  on  the  inner  aspect  of  the  corona  radiata  iu 
intimate  relation  to  the  caudate  nucleus,  and  posteriorly  it  spreads  out  over  the  upper 
and  outer  aspect  of  the  lateral  ventricle,  immediately  outside  the  epeodyma,  when 
it  constitutes  the  tapetum  (see  p.  588).     There  is  a  considerable  amount  of  Utenture 
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Corticipetal  Projection  Strands. 

1.  Thalamo-corticaL 

2.  Corticipetal  fibres  of  the  optic  radiation. 

3.  The  auditory  radiation. 


dealing  with  this  subject,  and  the  most  probable  explanation  of  the  difficulty  would 
appear  to  be  that  the  tapetum  is  composed  of  fibres  derived  from  both  the  corpus 
callosum  and  the  fasciculus  ocoipi  to-frontal  is  of  D6jerine. 

Projection  Fibres. — The  projection  fibres  are  those  which  connect  the  cerebral 
cortex  with  nuclear  masses  placed  at  a  lower  level.  The  great  bulk  of  these  fibres 
are  found  in  the  corona  radiata.  This  has  already  been  seen  to  be  formed  by  the 
continuation  upwards  of  the  internal  capsule  (p.  583).  In  the  corona  radiate  the 
fibres  which,  lower  down,  are  gathered  together  in  the  compact  mass  which  con- 
stitutes the  internal  capsule,  radiate  in  every  direction,  intersect  the  radiation  of 
the  corpus  callosum,  and  finally  reach  every  region  of  the  cortex.  Although  the 
fibres  of  the  corona  radiata  represent  the  chief  bulk  of  the  projection  fibres,  it  should 
also  be  borne  in  mind  that  a  certain  number  gain  the  cortex  by  a  different  route, 
notably  through  and  under  the  lenticular  nucleus  and  by  the  path  offered  by  the 
external  capsule. 

The  projection  fibres  of  the  cerebral  hemisphere  may  be  classified  into  (1) 
corticipetal,  and  (2)  corticifugal  groups ;  and  under  these  headings  the  following 
great  strands  may  be  arranged : — 

Corticlfogal  Projection  Strands. 

1.  The  pyramidal  or  great  motor  tract 

2.  The  cortico-thalamia 

3.  The  fronto-pontine  strand. 

4.  The  temporo-pontine  strand. 

5.  The  corticifugal  fibres  of  the  optic  radia- 
tion. 

The  great  motor  or  psnamidal  tract  is  composed  of  fibres  which  arise  from  pyramidal 
cells  in  that  portion  of  the  cortex  which  is  spread  over  the  Bolandic  area,  or,  in 
other  words,  in  the  district  immediately  in  front  of  the  fissure  of  Eolando.  The 
fibres  descend  through  the  corona  radiata  into  the  posterior  limb  of  the  internal 
capsule.  From  this  point  the  further  course  of  the  pyramidal  tr£u:t  has  been 
traced,  viz.  through  the  central  part  of  the  crusta  of  the  crus  cerebri,  the  ventral 
part  of  the  pons,  and  the  pyramid  of  the  medulla  oblongata.  At  the  level  of  the 
foramen  magnum  it  decussates  in  the  manner  already  described,  and  enters  the 
spinal  cord  as  the  crossed  and  direct  pyramidal  tracts.  The  fibres  composing  these 
end  in  connexion  with  the  ventral  or  motor  column  of  cells,  from  which  the  fibres 
of  the  anterior  roots  of  the  spinal  nerves  arise. 

The  fironto-pontine  strand  is  composed  of  fibres  which  arise  as  the  axons  of  the 
cells  in  the  cortex  which  covers  the  portion  of  the  frontal  lobe,  which  Ues  in  front  of 
the  praecentral  furrows.  It  descends  in  the  anterior  limb  of  the  internal  capsule, 
enters  the  mesial  part  of  the  crusta  of  the  crus  cerebri,  through  which  it  gains  the 
ventral  part  of  the  pons.  In  this  its  fibres  end,  by  forming  arborisations  around  the 
cells  of  the  nucleus  pontis. 

The  temporo-pontine  tract  consists  of  fibres  which  spring  from  the  cells  of  that 
part  of  the  cortex  which  covers  the  middle  portions  of  the  two  upper  temporal  con- 
volutions. It  probably  represents  a  corticifugal  tract  belonging  to  the  auditory 
system,  seeing  that  it  springs  to  some  extent  from  the  auditory  cortical  area.  The 
temporo-pontine  tract  passes  inwards  under  the  nucleus  lenticularis,  enters  the 
retrolenticular  part  of  the  hinder  limb  of  the  internal  capsule,  and  thus  gains  the 
outer  part  of  the  crusta  of  the  crus  cerebri.  From  this  it  descends  into  the  ventral 
part  of  the  pons,  in  which  it  ends  in  the  nucleus  pontis  (Fig.  439,  p.  546). 

The  optic  radiation  forms  a  very  definite  and  easily  demonstrated  tract  of 
longitudinally-directed  fibres  in  the  white  medullary  centre  of  the  occipital  lobe. 
It  lies  on  the  outer  side  of  the  ventricular  cavity,  from  which  it  is  separated  by  the 
fibres  of  the  tapetum  and  the  ependyma  of  the  ventricle  (Figs.  462,  p.  576  ;  and  465, 
p.  579).  To  the  outer  side  of,  and  applied  closely  to,  the  optic  radiation  is  another 
longitudinal  tract  of  fibres  in  this  part  of  the  medullary  centre  of  the  cerebral  hemi- 
sphere, viz.  the  inferior  longitudinal  association  bundle ;  but  the  fibres  of  the  latter 
fasciculus  are  coarser  and  are  stained  more  deeply  by  the  Pal-Weigert  method,  and 
thus  they  can,  as  a  rule,  be  easily  distinguished  from  the  optic  radiation.     Traced 
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in  a  backward  direction,  the  fibres  of  the  optic  radiation  disperse  and  pass  to  the 
cortex  of  the  occipital  lobe  on  both  its  mesial  and  outer  aspects.  This  is  a  matter 
of  interest,  seeing  that  the  visual  centre  is  placed  in  this  cortical  district,  and  more 
particularly  on  the  mesial  aspect  in  the  immediate  neighbourhood  of  the  caloarine 
fissure  (Flechsig  and  Henschen).  When  the  optic  radiation  is  followed  in  a  forward 
direction  it  is  seen  to  enter  the  retrolenticular  part  of  the  posterior  limb  of  the 
internal  capsule,  from  whence  its  fibres  pass  to  the  pulvinar  of  the  optic  thalamus, 
to  the  corpus  geuiculatum  externum  and  the  superior  quadrlgemiual  body. 

As  we  have  noted,  the  optic  radiation  is  composed  partly  of  eortioifugal  and 
partly  of  cortieipetal  fibres  (p.  552).  The  former  arise  from  cells  in  the  occipital 
cortex  and  end  in  the  pulvinar  and  the  superior  quadrigeminal  body ;  the  cortiei- 
petal fibres  arise  in  the  pulvinar  and  in  the  corpus  geuiculatum  externum  and 
end  in  the  occipital  cortex  (Ferrier  and  Turner). 

The  system  of  fibres  which  belong  to  the  mesial  flllet  and  the  BUperlor  cerebellar 
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peduncle  have  been  already  more  or  less  fully  dealt  with  (pp.  635  and  539).  The  flllet 
system  represents  the  continuation  upwards  of  the  posterior  columns  of  the  cord. 
The  first  nuclear  internodes  in  the  system  are  met  with  in  the  medulla  in  the  shape  of 
the  cuneate  and  gracile  nuclei.  It  is  here  that  the  fillet  first  takes  defiuite  shape,  and, 
as  it  passes  upwards  through  the  tegmental  part  of  the  medulla  and  pons,  it  receives 
many  additions  to  its  strength  in  the  form  of  fibres  from  the  nuclei  of  termination 
of  the  afferent  cranial  nerves.  Finally,  passing  through  the  tegmentum  of  tbe 
mesencephalon,  it  reaches  the  subthalamic  region  and  enters  the  ventral  aspect  of 
the  thalamus.  This  may  be  looked  upon  as  being  the  second  internode  laid  acroHs 
the  path  of  the  fillet,  and  its  fibres  end  in  arborisations  around  the  thalamic  cells. 

The  fibres  of  the  superiot  cerebellar  peduncle  encounter  two  nuclear  internodes  is 
they  pass  towards  the  cerebral  cortex,  viz.  the  red  tegmental  nucleus  and  the  optic 
thalamus  (p.  536). 

The  fibres  of  tbe  auditory  radiation  arise  as  the  axons  of  cells  situated  in  tbe 
internal  geniculate  body.  They  enter  the  retrolenticular  part  of  the  posterior  hmb 
of  the  internal  capsule  and  proceed  under  the  lenticuUr  nucleus  tewards  tbe 
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temporal  lobe.  Here  they  end  in  the  area  of  cortex  which  constitutes  the  auditory 
centre.  This  correspondB  to  the  middle  portion  of  the  superior  temporal  convolu- 
tion, and  also  to  the  rudimentary  tranaveree  gyri  of  Heschl,  which  are  present  on 
the  insular  surface  of  the  temporal  operculum. 

The  tbalUDo-cortical  cortica-thaUmic  systems  include  the  fibres  which  constitute 
a  douhle  bond  of  counexion  between  the  thalamus  and  all  parts  of  the  cortex. 
They  are  sufficiently  described  at  p.  545. 

The  remarkable  reevarchea  uf  Flechsic  liave  added  greatly  to  oiU'  knou^ledge  of  the  difiV rent 
tracts  of  fibr«!8  in  the  cerebral  hemiBpIiere.  By  studying  the  perioda  at  which  these  tracts 
myelinate  he  ha^i  been  able  to  not«  the  manner  in  which  the  different  areas  of  the  cortex  ar« 
bound  together  and  also  linkedlon  to  subjacent  centres.  He  has  arrived  at  a  highly  important 
conception  regarding  the  functional  value  of  different  districts  of  the  cortei,  founded  upon  their 
anatomical  cunneiions.  He  recagnit«s  four  sense-areas  in  tlie  cortex,  riz.  the  somiesthetic  area, 
the  visual  area,  the  auditory  area,  aud  the  olfactory  area. 

The  HOmSBthetic  axaa  is  the  field  of  general  sensibility  and  is  the  most  extensive  of  alL  It 
includes  the  two  central  convolutions,  the  posterior  portions  of  the  three  frontal  convolutions,  the 
paracentral  convolution,  and  the  adjoining  part  of  the  callosal  convolution. 

The  Tisual  axea  is  placed  on  the  inner  aspect  of  the  occipital  lobe,  and  more  particularly  in 
thp  immediate  neighbourhood  of  the  calcarine  fissnre. 

The  auditory  area  corresjionds  to  the  middle  thini  of  the  superior  temporal  convolution 
and  lo  the  transverse  gyti  of  Heschl. 

The  olfactory  area  includes  the  locus  perforatus  anticus,  the  trigonum  olfactorium,  the 
anterior  part  of  the  callosal  convolution,  and  the  uncus. 

These  sense-areas  are  peculiarly  rich  in  their  supply  of  projection  fibres,  and  each  is  provided 
""'  '  'em  of  both  corticifugal  and  corticipetal  fib^l^».     Thus  the  sonissthelic  area 
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is  the  field  where  the  motor  pyramidal  tract  take?  origin  and  within  which  the  tracts  of  general 
sensibility  en<l.  The  visual  area  has  the  corticipetal  and  corticifugal  fibres  of  the  optio  radiation. 
The  auditory  area  has  the  corticipetal  auditoiy  radiation  and  also  the  corticifugal  temporo- 
pontine tract  In  man  the  olfactory  area  is  feebly  developed,  and  Flechsig  has  not  been  able 
u>  establish,  with  certainty,  iU  corticipetal  and  corticifugal  projection  tracts. 

The  sense-areas  differ  greatlj'  from  each  other  in  the  extent  of  cerebral  surface  which  the^ 
cover.  The  site  in  each  case  is  m  strict  conformity  with  the  peripheral  area  with  which  each  is 
in  connexion.  It  can  easily  l)e  understood,  therefore,  how  the  somtesthetic  area,  reprepcnling  as 
it  does  on  the  cortex  all  the  parts  of  the  body  outside  the  special  oi^ans  of  sense,  from  which 
■rn.'viry  nerves  proceed,  should  be  so  large.  Further,  it  is  manifest  why  the  visual  sensorial  area, 
which  in  the  cortex  is  the  corresponding  part  to  the  retina,  should  be  of  greater  extent  than  the 
auditory  field,  which  represents  the  cochlea,  and  the  olfactory  area.,  which  represents  a  small 
amount  of  olfactory  mucous  uiembranc  in  the  nasal  chamlier. 

The  four  sensorial  areas,  taken  together,  only  form  about  one-third  of  the  entire  cerebral 
sur&Lce.  The  remaining  two-thirds  of  the  cortex  constitute  what  Flechsig  has  termed  the 
association  centres.  The  great  extent  of  these  in  man  must  be  regarded  as  a  special  human 
characleriatic  These  centres  difi'er  from  the  sensorial  areas  in  being  poorly  provided  with  pro- 
jection fibres.  They  have  little  direct  connexion  with  the  centres  which  he  at  a  lower  level 
Indeed,  the  only  direct  bond  of  union  over  a  very  large  extent  of  these  association  areas  with 
lower  centres  consisla  of  the  thalamo -cortical  fibres,  which  pass  to  them  from  the  thalamus. 
But,  on  the  other  hand,  they  are  rich  in  association  fibres,  and  are  linked  in  the  most  complete 
and  perfect  manner  by  these  fibres  to  the  sensorial  areas. 


I^echsig  regards  these  association  areas  as  constituting  the  portions  of  cortex  in  which  the 
higher  intellecttial  activities  are  carried  on,  and  he  further  Wlieves  that  they  exercise  an 
important  controlling  influence  over  the  sense-areas.  More  particularly  is  this  control  exhibited 
in  the  case  of  the  great  somiesthetic  area,  within  which  the  influence  of  all  bodily  impressions  is 
received  and  transformed  into  consciousness,  and  within  which  the  impidses  which  are  thereby 
42 


594  THE  NEEVOUS  SYSTEM. 

excited  take  definite  form.  These  impulses,  according  to  Flechsig,  are,  in  a  measure,  in  all 
properly-balanced  minds,  held  in  subjection  by  the  hi^er  feelings,  which  assume  shape  in  the 
association  centres. 

In  his  study  of  the  fcetal  and  infantile  brain  Flechsig  has  shown  that  the  fibres  of  the  sensory 
paths  become  medullated  in  the  first  instance ;  then  the  corticifugal  fibres  which  go  out  from  the 
sense-areas  assume  their  sheaths  of  myelin ;  and,  further,  that  it  is  not  until  a  month  after  birth, 
and  after  the  projection  fibres  in  connexion  with  the  sense-areas  are  myelinated,  that  the  associa- 
tion areas  become  linked  on  by  meduUated  association  fibres  with  the  sense-areas. 

Development  of  the  Parts  derived  from  the  Fore-brain. 

It  has  been  previously  noted  that  the  fore-brain  very  early  showB  an  obscure  sub- 
division into  a  front  portion,  termed  the  telencephalon,  and  a  hinder  part,  called  the 
diencephalon,  which  corresponds  more  nearly  to  the  original  cavity  of  the  fore-brain. 
The  cavity  of  third  ventricle  is  derived  from  both,  and  stretches  forwards,  therefore,  to 
the  lamina  temiiualis,  which  in  its  lower  part  is  represented  in  the  adult  by  the  lamina 
cinerea. 

The  lateral  wall  of  both  sections  of  the  primitive  fore-brain  shows  a  subdivision  into 
a  dorsal  or  alar  and  a  ventral  or  basal  lamina.  The  groove  which  indicates  this  separa- 
tion is  the  sulcus  of  Monro,  ajud  is  evident  even  in  the  adult  brain. 

In  recofinaising  an  alar  and  basal  lamina  in  the  fore-brain  the  teaching  of  Professor  His  is 
followed.  This  subdivision,  however,  is  not  admitted  by  all  observers,  and  some  hold  that  the 
fore-brain  is  to  be  regarded  as  a  great  diverticular  expansion  which  grows  out  from  the  mid- 
dorsal  and  alar  laminoe  of  the  mesencephalon. 

Alar  Lamina. — The  alar  part  of  the  lateral  wall  of  the  Ulencephalon  is  pushed  out 
to  form  the  diverticulum,  which  ultimately  constitutes  the  cerebral  hemisphere,  and  thus 
from  a  very  early  period  the  primitive  position  of  this  part  of  the  lateral  wall  is  indicated 
by  the  wide  foramen  of  Monro,  or  aperture  of  communication  between  the  cavity  of  the 
cerebral  hemisphere  and  the  third  ventricle. 

The  alar  part  of  the  lateral  wall  of  the  diencephalon  is  utilised  for  the  development  of 
the  thalamus,  the  epithalamus,  and  the  metathalamus.  Of  these  the  optic  thalamus  is 
derived  from  the  anterior  and  by  far  the  greatest  part  of  the  alar  wall.  It  arises  as  a 
large  oval  swelling,  which  gradually  approaches  its  fellow  of  the  opposite  side,  and  thus 
diminishes  the  width  of  the  third  ventricle.  Finally,  the  two  bodies  come  into  contact  in 
the  mesial  plane  and  cohere  over  an  area  corresponding  to  the  gray  commissure.  This 
occurs  about  the  end  of  the  second  month. 

From  that  section  of  the  lateral  wall  to  which  the  name  of  metathalamus  is  given  the 
two  geniculate  bodies  arise.  Each  of  these  shows,  in  the  first  place,  as  a  depression  on 
the  inside,  and  a  slight  elevation  on  the  outside,  of  the  wall  of  the  diencephalon.  As  the 
thalamus  grows  backwards,  it  encroaches  greatly  upon  the  territory  occupied  by  the  geni- 
culate bodies.  It  thus  comes  about  that  in  the  adult  brain  the  internal  geniculate  body 
seems  to  hold  a  position  on  the  lateral  aspect  of  the  mesencephalon,  whilst  the  external 
geniculate  body,  viewed  from  the  surface,  appears  to  be  a  part  of  the  thalamus. 

From  the  epithalamic  region  of  the  wall  of  the  diencephalon  are  developed  the  pineal 
gland,  its  peduncle,  and  the  habenular  region.  These  parts  are  relatively  much  more 
evident  in  the  embryonic  than  in  the  adiilt  brain.  The  pineal  body  is  developed  as  a 
diverticulum  of  the  posterior  part  of  the  roof  of  the  diencephalon.  Viewed  from  the 
dorsal  aspect  of  the  brain- tube,  this  diverticulum  shows  in  the  first  instance  as  a  rounded 
elevation,  from  either  side  of  which  a  broad  ridge  runs  forwards.  This  ridge  becomes 
the  taenia  thalami,  whilst  in  the  region  of  its  junction  with  the  pineal  elevation  the 
trigonum  habenulse  takes  shape.  The  pineal  diverticulum  ultimately  becomes  solid,  but 
a  small  portion  of  the  original  cavity  is  retained  as  the  recessus  piuealis  of  the  third 
ventricle. 

Basal  Lamina. — The  part  of  the  diencephalon  and  telencephalon  which  represents 
the  basal  lamina  lies  below  the  level  of  the  sulcus  of  Monro,  retains  its  primitive  form,  and 
undergoes  only  slight  change.  Consequently,  when  this  region  in  the  adult  brain  is  com- 
pared with  the  corresponding  region  in  the  embryonic  brain,  the  resemblance  between  the 
two  is  very  striking. 

In  the  fore-brain,  therefore,  it  is  the  alar  lamina  which  plays  the  predominant  part  in 
the  formation  of  the  cerebrum.  The  value,  also,  of  the  basal  part  of  the  wall  of  this 
portion  of  the  neural  tube  is  still  further  reduced  by  the  fact  that  it  no  longer  contains 
the  nuclei  of  origin  of  efferent  nerves.  The  highest  of  these  nuclei  (the  oculo-motor)  is 
placed  in  the  mesencephalon. 
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The  regiou  of  the  fore-brain  which  lies  below  the  sulcus  of  Monro  is  termed  the  hypo- 
thalamus. The  part  of  this  which  corresponds  to  the  dieucephalon  ia  called  the  pars 
mam  miliar  IB     hypothalami, 

whilst  the  part  in  front,  which  "  " 

belongs  to  the  telencephalon, 
receives  the  name  of  pan  optica 
hypothalami. 

Krom  the  pars  mammillaris 
hypothalami  are  derived  the 
corpus  mamniillare  and  a 
portion  of  the  tuber  ciuereum. 
With  the  pars  optica  bypo- 
thttlami  are  associated  the 
following  parts,  viz.  the  tuber 
ciuereum,  with  the  iufundi- 
bulum  and  the  cerebral  part 
of  the  pituitary  body,  the  optic 
chiasma,  the  optic  recess,  and 
the  lamina  cinerea. 

The  corpora  mammillaria 
form,  in  the  first  instance,  a 
relatively  large  downward 
bulging  of  the  floor  of  the 
braiu-tnbe.  As  development 
goes  on  this  bulging  becomes 
relatively  small,  and  about  the 
fourth  month  the  single  pro- 
Jectiou  becomes  divided  into 
the  two  tubercles. 

The  infundibulum  aad 
posterior  or  cerebral  lobe  of 
the  pituitary  body  are  de- 
veloped as  a  hollow  downward 
diverticulum  of   the    floor   of 

the  telencephalon  (p.  549).     A      ^"'-  *"— Two  DsAivmcB  oi-  the  Eubbyonjc  Bkain  (l.y  His), 
portion  of  the  ori.-inal  cavity  A.  fkcoiistrucliou  oflhe  fore-bram  »nd  mirt-br«m  of  His's  smbrj-o  KO  ; 
is  retained  in  the  upper  part        1'"'"":  '"T    "■ .?".""  ''"'''  1  *'  '""*'*'  '^""«  ""  '"""'  P'""" 

,     ,       '    T^   'u    " '^^  "fl^'    i™'"  and  viewed  upon  Us  mnur  ispect 

of  tlic  mfundibulum,  and  con- ji^  M«niiD[ll»ry  eniiueDce  ;  T.c  Tub«r  ciiieremii ;  Hp,  Hypopbysis 
stitutes  the  infundibular  recess  (pituitary  diverticulum  fiom  buccal  eavity) ;  Opt,  Optie  slttlk  ; 
intl.eHoorof  thethirdventricie.  TH,   Ojitic  tlmln'iiii^ ;  Tg.  TegniMtal  part  of  niewiicephalon  ;  P.», 

The  ontic  nerve  is  ehieflv         ^^  subtlmlnu.ica  ;  C.«,  Corpus  slnatum  ;  F.M,  Foraiijen  ot  Monro  ; 
I  ne  opoic  nerve  is  cnieny         ^  Umina  Wnuii.ilis  ;  B-O.  SeMsms  oplicuH  j  R.i.  Recwsiti  infuii- 
formed  by  the  passage  of  fibres        dibuli. 
backwards    from    the    retina 

in  the  wall  of  tlie  original  optic  stalk,  whilst  the  chiasma  lakes  form  by  the  transit  of 
fibres  across  the  middle  line  in  front  of  the  infundiliulum  and  behind  the  optic  recesM.  To 
a  large  extent  these  fibres  are  derived  from  the  optic  nerve.  The  optic  recess  of  the  third 
ventricle  marks  the  spot  where  the  hollow  optic  vesicle  originally  bulged  out  from  the 
lower  and  lateral  part  of  the  fore-brain,  and  iu  the  adult  it  therefore  represents  a  portion 
of  the  primitive  cavity  of  the  tubular  stalk  ot  the  optic  vesicle.  In  the  course  of  deveJop- 
meut  the  optic  nerve  fibres,  which  appear  in  the  stalk  of  the  optic  vesicle  to  form  the 
optic  nerve,  seek  an  attachment  much  further  back,  and  through  the  optic  tract  they  are 
even  carried  as  far  an  the  mesencephalon. 

The  roof  of  the  fore-brain  remains  thin,  and  does  not  proceed  to  the  development 
of  nervous  elements,  eicept  in  its  posterior  part.  Here  it  forms  the  pineal  body  and  the 
posterior  commissure.  In  front  of  these  structures  the  roof  of  the  fore-brain  is  epithelial, 
and  remains  so  during  Ufa.  It  constitutes  the  epithelial  roof  of  the  third  ventricle,  and 
it  becomes  involuted  along  the  middle  line  into  the  cavity  by  the  choroid  plexuses  of  the 
ventricle.  The  jxisterior  commissure  appears  as  a  transverse  thickening  at  the  Iwttom  of 
a  transverse  groove  which  appears  iu  the  roof  of  the  early  brain-tube  behiud  the  pineal 
diverticulum. 

Cerebral  Hemisphere. — The  cerebral  hemisphere  is  derived  from  the  alar  sectinn 
of  the  lateral  wall  of  the  telencephalon.     From  this  it  grows  out  and  soon  assumes  very 
large  dimensions.     At  first  it  grows  forwards  and  upwards,  and  a  distinct  lissure,  the 
42  a 
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early  incisura  longitudinal ie  cerebri,  appears  between  the  cerebral  hemispheres  of 
opposite  sides.  The  separation  of  the  two  cerebral  vesicles  by  tbe  longitudinal  fissure 
begins  at  the  end  of  the  firat  month.  This  fissure  becomes  occupied  by  meaoblaattc  tissue, 
whicli  later  on  forms  the  falx  cerebri.  The  cerebral  hemisphere,  in  its  further  growth,  is 
carried  progressirely  backwards  over  the  hinder  parts  of  the  developing  brain.  At  the 
end  of  the  third  month  it  has  covered  the  optic  thalamus.  A  month  later  it  reaches  the 
corpora  qiiadrigemina,  and  by  the  seventh  month  it  has  not  only  covered  these,  but  also 
the  entire  upper  surface  of  the  cerebellum. 

At  the  end  of  the  first  month  the  olfactory  lobe  grows  out  as  a  hollow  protrusioD  from 


Fia.  4(6. — Two  DBAwmoa  bt  His,  illuatraUng  the  devBloprntnt  ot  the  bnniui  brain. 

A.  Median  section  throagh  a  fcUl  hnmui  bnln  in  tbe  third  month  o[  development. 

B,  Schema  ebawing  the  directions  in  which  the  cerebral  hemispliere  expands  during  iti  growth. 
P.M.U.  Para  mamniillaris  hn>'>thalanii.  H.   HaTnm  ill  or;  region.  O.  Occipital  lolie. 
P.O.H.    Para  optica  hypothalami.                    F.  Froiitnl  lobe.  T.  Temporal  lobe. 

P.    1'ariel«1  lobe. 

the  lower  and  fore  part  of  the  cerebral  vesicle.  1'his  in  course  of  time  becomes  solid  and 
forms  the  olfactory  tract  and  bulb.  In  the  adult  brain  the  point  which  corresponds  to 
'  the  original  connexion  between  the  early  hollow  olfactory  diverticulum  and  the  caritv  of 
the  cerebral  vesicle  is  represented  by  the  extremity  of  the  anterior  comu  of  the  latenkl 
ventricle. 

In  tbe  floor  of  the  hollow  cerebral  hemisphere  a  thickening  takes  origin,  and  this 
ultimately  is  developed  into  the  corpus  striatum.  On  the  outer  surface  of  the  vesicle  this 
thickening  is  seen  to  correspond  to  a  depression  which  constitutes  the  early  Sylvian  fossa, 
the  further  development  of  which  is  described  on  p.  556. 

In  the  earlier  sb^es  of  its  development  the  cerebral  hemisphere  is  a  thin-walled  veeicle 
with  a  relatively  large  cavity,  which  represents  the  primitive  condition  of  the  lateral 
ventricle.  At  first  the  vesicle  is  bean-shaped  and  the  cavity  is  curved.  At  this  stage  the 
outline  is  very  similar  to  that  presented  by  tbe  cerebral  hemisphere  of  a  quadruped,  and 
there  is  little  or  no  trace  of  an  occipital  lobe  or  of  a  posterior  bom  of  the  lateral  Tentricle. 
As  development  goes  on,  however,  the  occipital  portion  of  the  hemisphere  grows  backwardii 
over  the  cerebellum  in  the  shape  of  a  hollow  protrusion,  and  a  distinct  occipital  lobe 
enclosing  the  posterior  horn  of  the  lateral  ventricle  is  the  result.  This  developmental 
stage,  which  is  distinctive  of  man  and  the  apes,  begins  about  the  fourth  month. 

On  the  mesial  aspect  of  the  cerebral  hemisphere,  in  the  early  stages  of  its  development 
an  invagination  of  the  wall  of  the  vesicle  takes  place  into  the  cavity  immediately  above 
and  behind  tbe  large  foramen  of  Monro.  This  is  the  choroidal  fissure,  and  the  fold  of  the 
cerebral  wall,  which  is  thus  thrust  into  the  cavity,  remains  thin  and  entirely  epithelial. 
After  a  time  mesoblastic  tissue  from  the  great  longitudinal  fissure  finds  its  way  into  the 
choroidal  fissure  &ai  occupies  the  interval  between  the  two  thin  layers  which  form  the  fold. 
This  mesoblastic  tissue  forms  the  choroid  pleius  of  the  lateral  ventricle,  and  in  the  early 
stages  of  the  hemisphere  it  is  so  voluminous  that  it  fills  up  the  relatively  large  cavity  of 
the  lateral  ventricle. 

Development  of  the  Gjrri  and  Sulci. — In  the  early  stages  of  its  development,  the 
surface  of  the  cerebral  hemisphere  is  smooth  and  closely  applied  to  tbe  deep  surface  of 
the  cranial  capsule  within  which  it  is  enclosed. 

After  the  occipital  lobe  is  fully  formed  and  the  fifth  month  is  reached,  the  ci»niuni 
grows  for  a  time  more  rapidly  than  the  brain,  with  tbe  result  that  a  relatively  wide  Bp«oe  is 
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left  between  the  cerebral  surface  and  the  surrounding  cranial  envelope.  This  is  occupied 
by  sodden  subarachnoid  tissue,  and  when  this  stage  is  reached  (in  the  latter  part  of  the 
fifth  month)  the  sulci  and  gyri  begin  to  make  their  appearance.  The  incomplete  sulci  owe 
their  origin  to  the  upheaval  of  the  cerebral  cortex  on  either  side  of  the  appearing  fissures, 
and  the  gyri  which  bound  them  are  formed  as  the  result  of  an  exuberance  of  surface 
growth  in  localised  areas.  Owing  to  the  wide  interval  between  the  cranial  wall  and  the 
surface  of  the  cerebral  hemisphere,  the  particular  surface  areas  which  grow  and  foreshadow 
the  future  gyri  suffer  no  restriction,  and  they  take  the  form  of  rounded  eminences  which 
rise  from  the  general  surface  level  of  the  cerebral  hemisphere.  As  growth  goes  on,  how- 
ever, the  brain  gradually  assumes  a  bulk  more  nearly  in  accord  with  the  cavity  of  the 
cranium,  and  the  space  for  extension  becomes  more  limited.  Finally,  about  the  beginning 
of  the  eighth  month,  the  gyral  elevations  come  into  close  contact  with  the  cranial  wall, 
and  a  stage  of  growth-antagonism  between  the  brain  and  its  enclosing  capsule  is  entered 
upon.  As  a  result  of  this  the  gyri  are  pressed  together,  the  fissures  assume  more  definite 
shape,  and  the  ordinary  convolutionary  forms  make  their  appearance.  So  intimate,  indeed, 
is  the  contact  between  the  cerebral  hemisphere  and  the  skull  capsule  that  the  gyri,  to 
some  extent,  produce  an  imprint  on  the  deep  aspect  of  the  cranial  bones. 

As  already  explained,  the  complete  fissures  are  produced  by  an  infolding  of  the  wall 
of  the  cerebral  vesicle. 

Cerebral  Commissures. — The  development  of  the  cerebral  commissures  is  sur- 
rounded with  much  difficulty.  It  would  seem  that  the  corpus  callosum,  the  anterior 
commissure,  and  the  fornix  all  take  origin  in  the  lamina  terminalis.  The  triangular 
interval  which  is  left  between  these  commissures  is  occupied  by  the  septum  lucidum — a 
structure  which  has  an  intimate  developmental  and  morphological  connexion  with  the 
gyrus  subcallosus.  The  great  development  of  the  corpus  callosum  in  man  is  to  be 
associated  with  the  enormous  expansion  of  the  human  neo-pallium  of  which  it  is  the 
commissure. 

Weight  of  the  Brain. 

The  average  weight  of  the  adult  male  brain  may  be  said  to  be  about  1360 
grammes.  The  female  brain  weighs  rather  less,  but  this  is  to  be  expected  from  the 
smaller  bulk  of  the  female  body.  Probably  the  relative  weight  of  the  brain  in  the 
two  sexes  is  very  much  the  same.  The  variations  met  with  in  brain-weight  are 
very  great,  but  it  is  doubtful  if  normal  intellectual  functions  could  be  carried  on  in 
a  brain  which  weighs  less  than  960  grammes.  In  microcephalic  idiots  brains  of 
extremely  small  size  are  met  with. 

• 

THE  MENINGES  OF  THE  BRAIN  AND  SPINAL  CORD. 

The  brain  and  spinal  cord  are  enclosed  within  three  membranes,  which  are 
termed  the  meninges  or  meningeal  membranes.  From  without  inwards  these  are : 
(1)  the  dura  mater,  (2)  the  arachnoid  mater,  and  (3)  the  pia  mater.  The  space 
between  the  dura  mater  and  the  arachnoid  receives  the  name  of  subdural  space, 
while  the  much  more  roomy  interval  between  the  arachnoid  and  the  pia  mater  is 
called  the  subarchnoid  space. 

DuBA  Mater. 

The  dura  mater  is  a  dense  and  thick  fibrous  membrane  which  possesses  a  very 
considerable  degree  of  strength.  Its  arrangement  within  the  cranial  cavity  is  so 
different  from  that  within  the  spinal  canal  that  it  is  customary  to  speak  of  it  as 
consisting  of  two  parts,  viz.  a  cranial  and  a  spinal,  although  in  adopting  this  sub- 
division it  must  be  clearly  understood  that  both  portions  are  continuous  with  each 
other  at  the  foramen  magnum. 

Cranial  Dura  Mater  (dura  mater  cerebri). — The  cranial  dura  mater  is  adherent 
to  the  inner  surface  of  the  cranial  wall,  and  performs  a  double  ofl&ce.  J  t  serves  as 
an  internal  periosteum  for  the  bones  which  it  lines  and  constitutes  an  envelope 
for  the  brain.  Its  inner  surface,  which  bounds  the  subdural  space,  is  smooth  and 
glistening,  and  is  covered  by  a  layer  of  endothelial  cells.  The  outer  surface,  when 
separated  from  the  cranial  wall,  is  rough,  this  being  due  to  numerous  fine  fibrous 
processes  and  blood-vessels  which  pass  between  it  and  the  bonea  Its  degree  of 
42b 
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off  several  dendrites  and  one  axon.  Only  one  dendrite  enters  into  the  formation  of  a 
glomerulus,  but  several  nerve-fibres  may  be  connected  with  such  a  body.  It  thus  happens 
that,  through  its  dendrite,  a  mitral  cell  may  stand  in  connexion  with  several  olfactory 
nerve-fibres.  The  axon  of  the  mitral  cell  passes  upwards  to  the  white  matter  of  the 
bulb,  enters  this,  and  is  conducted  through  the  tract  towards  the  cerebral  cortex. 

White  Medullary  Centre  of  the  Cerebral  Hemisphere. 

The  white  matter  of  the  hemisphere  which  lies  subjacent  to  the  gray  cortex  is 
composed  of  medullated  nerve-fibres,  arranged  in  a  very  intricate  manner.  Accord- 
ing to  the  connexions  which  they  establish  these  fibres  may  be  classified  into  three 
distinct  groups,  viz.  (1)  commissural  fibres ;  (2)  association  fibres ;  and  (3)  projec- 
tion fibres. 

Oommissural  Fibres. — These  are  fibres  which  link  together  portions  of  the 
gray  cortex  of  opposite  cerebral  hemispheres.  They  are  arranged  in  three  groups 
forming  three  definite  structures,  viz.  the  corpus  callosum,  the  anterior  commissure, 
and  the  psalterium  or  the  hippocampal  commissure. 

The  corpuB  callosum  has  in  a  great  measure  been  already  studied  (p.  570).  As 
it  enters  each  hemisphere,  its  fibres  spread  out  in  an  extensive  radiation  (the  radia- 
tion of  the  corpus  callosum).  It  thus  comes  about  that  every  part  of  the  cerebral 
cortex,  with  the  exception  of  the  bulbus  olfactorii  and  the  under  and  fore  part  of 
the  temporal  lobe,  is  reached  by  the  callosal  fibres.  But  it  should  be  clearly  under- 
stood that  all  the  regions  of  the  cortex  do  not  receive  an  equal  proportion  of  fibres ; 
in  other  words,  some  cortical  areas  would  appear  to  be  more  plentifully  supplied 
than  others.  Another  point  of  some  importance  consists  in  the  fact  that  the  callosal 
fibres  do  not,  as  a  rule,  connect  together  symmetrical  portions  of  the  gray  cortex. 
As  the  fibres  cross  the  mesial  plane  they  become  greatly  scattered,  so  that  most 
dissimilar  parts  of  the  cortex  of  opposite  hemispheres  come  to  be  associated  with 
each  other. 

Each  callosal  fibre  arises  in  one  hemisphere  and  ends  by  fine  terminal  arborisations 
in  the  cortex  of  the  opposite  hemisphere.  It  may  arise  in  any  one  of  three  ways,  viz. 
(1)  as  the  axon  of  one  of  the  cortical  cells,  either  pyramidal  or  polymorphic;  (2)  as  the 
collateral  of  a  fibre  of  association ;  (3)  as  the  collateral  of  a  fibre  of  projection. 

Many  coses  have  been  recorded  in  which,  through  congenital  defect,  the  corpus 
callosum  has  not  been  developed.  In  the  description  of  this  structure  on  p.  570  attention 
has  been  called  to  a  layer  of  callosal  fibres  which  sweep  over  the  posterior  and  descending 
horns  of  the  lateral  ventricle,  so  as  to  form  the  immediate  outer  wall  of  the  cavity.  This 
layer  is  called  the  tapetnm,  and  it  has  been  stated  that  when  the  corpus  callosum  is 
absent  the  tapetum  is  found  in  a  well-developed  condition.  Further,  it  has  been  asserted 
that  in  cases  where  the  corpus  callosum  has  been  experimentally  destroyed  the  tapetum 
suffered  no  degeneration  (Muratoff).  Certain  anatomists  are,  therefore,  inclined  to  argue 
that  the  tapetum  has  little  or  no  connexion  with  the  corpus  callosum.  This  assertion, 
however,  cannot  by  any  means  be  regarded  as  being  proved.  There  is  a  lai^e  amount  of 
evidence  on  the  other  side.  Thus,  Mingazzini  has  seen  a  case  of  failure  of  the  corjius 
callosum  which  was  accompanied  by  a  corresponding  defect  in  the  tapetum,  whilst  soften- 
ing of  the  splenium  and  the  forceps  major  has  been  observed  by  Anton  to  be  accompanied 
by  a  secondary  degeneration  of  the  tapetum.  Further,  the  recent  experimental  evidence 
of  Ferrier  and  Turner  would  appear  to  support  the  older  view  that  the  tapetum  is  associated 
in  the  closest  manner  with  the  corpus  callosum. 

The  anterior  commissure  (commissura  anterior)  is  a  structure  supplemental  to 
the  corpus  callosum.  It  connects  together  the  two  olfactory  lobes,  and  also  portions 
of  opposite  temporal  lobes.  It  presents  a  cord-like  appearance  and  is  arranged  in 
the  form  of  a  horse-shoe,  the  concavity  of  which  looks  backwards.  The  middle  free 
portion  is  placed  immediately  in  front  of  the  anterior  pillars  of  the  fornix  as  they 
curve  downwards,  and  also  in  intimate  relation  to  the  anterior  end  of  the  third 
ventricle.  Posteriorly,  the  small  portion  of  the  anterior  commissure  which  appears 
in  the  ventricle  between  the  two  pillars  of  the  fornix  is  clothed  with  the  ventricular 
ependyma ;  anteriorly,  the  commissure  is  connected  with  the  lamina  cinerea  as  it 
stretches  from  the  optic  chiasma  upwards  towards  the  rostrum  of  the  corpus 
callosum. 
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The  lateral  part  of  the  anterior  commissure  penetrates  the  cerebral  hemisphere, 
and,  gaining  the  lower  part  of  the  anterior  end  of  the  internal  capsule,  divides  into 
two  portions,  viz.  a  am^  lower  olfactory  part  and  a  much  lai^r  temporal  part. 

The  oUkctory  p«ntion  of  the  anterior  commissure  is  an  exceedingly  small  fasci- 
culua  It  passes  downwards  and  forwards,  and  finally  enters  the  olfactory  tract. 
It  is  composed  (1)  of  true  commissural  fibrea,  which  bind  one  olfactory  bulb  to  the 
other ;  and  (2)  of  other  fibres,  which  connect  the  olfactory  bulb  of  one  side  with 
the  temporal  lobe  of  the  other  side. 

The  temporal  portion  is  formed  of  almost  the  whole  of  the  fibres  of  the  com- 
missure. It  is  carried  transversely  outwards,  under  the  lenticular  nucleus,  until  it 
gains  the  interval  between  the  globus  palUdus  and  the  putamen.     At  this  point  it 


changes  its  direction  and  sweeps  backwards.  In  corona!  sections  through  the 
brain,  behind  this  bend,  the  temporal  portion  of  the  anterior  commissure  appear^  as 
an  oval  bundle  of  fibres  cut  transversely  and  placed  in  close  contact  with  the  under 
surface  of  the  lenticular  nucleus  (Fig.  468,  p.  582).  Finally,  it  turns  sharply  down- 
wards on  the  outer  aspect  of  the  amygdaloid  nucleus,  and  its  fibres  are  lost  in  the  white 
medullary  centre  of  the  temporal  lobe.  The  precise  part  of  the  cerehral  cortex  with 
which  these  fibres  stand  in  connexion  is  not  known.  When  the  lateral  part  of  the 
anterior  commissure  is  displayed  by  dissection,  it  is  seen  to  be  twisted  like  a  rope. 

The  psalterinm,  or  the  hippocampal  conunissmv,  is  composed  of  fibres  which  con- 
nect the  oornu  ammonis  of  one  side  with  the  corresponding  structure  of  the  opposite 
Bide.     It  is  described  on  p.  572. 

Auociation  Fibres. — The  association  fibres  bind  t<^ether  different  portions  of 
the  cortex  of  the  same  hemisphere.  They  are  grouped  into  long  and  short  associa- 
tion bundlea 

The  greater  number  of  the  short  associatioQ  flbree  pass  between  adjacent 
couvolutiona  They  curve  round  the  bottom  of  the  sulci  in  U-ahaped  loops.  Some 
of  these  occupy  the  deepest  part  of  the  gray  cortex  itself,  and  are  termed  intracortiea} 
auotiation  fibres  (Fig.  469.  p.  586) ;  others  lie  immediately  subjacent  to  the  gray 
matter — between  it  and  the  general  mass  of  the  white  matter — and  receive  the 
nfaa.%  oi  suheorlMal  fibres.  Many  groups  of  short  association  fibres,  instead  of  linking 
together  contiguous  convolutions,  pass  between  gyri  more  or  less  remote.     It  is  only 
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after  birtti,  when  iDtellectual  effort  and  education  have  etimulated  different  portions 
of  the  cortex  to  act  in  harmony  and  in  conjunctioD  with  each  other,  that  these 
association  fibres  assume  their  sheaths  of  medulla  and  become  functional. 

The  long  assooiation  fibres  are  arranged  in  bundles  which  run  for  considerable 
distances  within  the  white  medullary  centre  of  the  cerebral  hemisphere,  and  unite 
districts  of  gray  cortex  which  may  be  far  removed  from  each  other.  The  better 
known  of  these  fasciculi  are  the  following:  (1)  the  uncinate;  (2)  the  cingulum; 
(3)  the  superior  longitudinal ;  (4)  the  inferior  longitudinal ;  (5)  the  occipito-frontal. 

The  bsciculoB  uncinatus  is  composed  of  fibres  which  arch  over  the  stem  of  the 
Sylvian  fissure  and  connect  the  frontal  pole,  and  the  orbital  convolutions  of  the 
frontal  lobe,  with  the  front  portion  of  the  temporal  lobe. 

The  cingalnm  is  a  very  well-marked  and  distinct  band,  which  is  closely  associated 
with  the  limbic  lobe.  Beginning  in  front,  in  the  region  of  the  anterior  perforated 
spot,  it  arches  round  the  genu  of  the  corpus  calloeum  and  ia  carried  backwards  on 
the  upper  surface  of  this  structure  at  the  place  where  its  fibres  pass  into  the 
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(Founded  on  tha  drnwinga  of  D^Jeritie.) 
A.  Ont«r  OHpect  of  bemiepherc.  B.  Inner  upect  of  hemiaphere. 

callosal  radiation.  The  cingulum,  therefore,  lies  under  cover  of  the  calloaal  gyrus 
and  stands  in  intimate  relation  to  the  white  centre  of  this  convolution  (Fig.  457, 
p.  570).  At  the  hinder  end  of  the  corpus  callosum  the  cingulum  turns  round 
the  splenium  and  is  carried  forwards,  in  relation  to  the  hippocampal  gyrus,  to  the 
uncus  and  the  temporal  pole.  The  cingulum  is  composed  of  several  syatema  of 
fibres  which  only  run  for  short  distances  within  it. 

The  fitsdctdiu  longittidinaliB  snpwior  is  an  arcuate  bundle  which  is  placed  on  the 
outer  aspect  of  the  foot  or  basal  part  of  the  corona  radiata  and  connects  the  frontal, 
occipital,  and  temporal  regions  of  the  hemisphere.  It  lies  in  the  base  of  the  fronto- 
parietal operculum  and  sweeps  backwards  over  the  insular  region  to  the  posterior 
end  of  the  Sylvian  fissure.  Here  it  bends  downwards  round  the  hinder  end  of  the 
putamen  and  proceeds  forwards  in  the  temporal  lobe,  to  reach  its  anterior  extremity. 
As  it  turns  downwards  to  reach  the  temporal  lobe  numerous  fibres  radiate  from  it 
into  the  occipital  lobe. 

The  ftacicnlus  longitudinalia  infarior  is  a  very  conspicuous  bundle  which  extends 
along  the  whole  length  of  the  occipital  and  temporal  lobes  (Eig.  457,  p.  570).  In  the 
occipital  lobe  it  is  placed  on  the  outer  aspect  of  the  optic  radiation,which  takesa  similar 
direction  and  from  which  it  is  distinguished  by  the  greater  coarseness  of  its  fibres 
(Figs.  462,  p.  576 ;  465,  p.  578 ;  473,  p.  592).  It  is  not  present  in  the  macaque 
monkey  (Ferrier  and  Turner),  but  is  well  developed  in  the  orang  and  the  chimpanzee. 

The  fascicnlns  occiplto-frontalis  is  a  bundle  of  fibrea  which  runs  in  a  sagittal  directjoa 
in  intimate  relation  to  the  lateral  ventricle  (Fig.  468,  p.  582).  It  has  been  pointed  out 
(Forel,  Onufrowicz,  and  others)  that,  in  caseit  where  the  oorpua  calloeum  fails  to  develop, 
the  tapetum  remains  apparently  unaffected,  and  D^jerine  has  endeavoured  to  prove  that 
the  tibrea  of  this  layer  really  belong  to  the  fasoiculus  occipito-frontal  is.  AcooidiDg  to 
D^jeriue,  the  fasciculus  occipito-frontal  is  lies  on  the  inner  aspect  of  the  corona  radiata  in 
intimate  relation  to  the  oaudate  nucleus,  and  posteriorly  it  spreads  out  over  the  upper 
and  outer  aspect  of  the  lat«ral  ventricle,  immediately  outside  the  ependyma,  nbere 
it  constitutes  the  tapetuni  (see  p.  588).     There  is  a  cousiderable  amount  of  Uteratura 
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dealing  with  this  subject,  and  the  most  probable  explanation  of  the  difficulty  would 
appear  to  be  that  the  tapetum  is  composed  of  fibres  derived  from  both  the  corpus 
callosum  and  the  fasciculus  occipito-fron talis  of  D^jerine. 

Projection  Fibres. — The  projection  fibres  are  those  which  connect  the  cerebral 
cortex  with  nuclear  masses  placed  at  a  lower  level.  The  great  bulk  of  these  fibres 
are  found  in  the  corona  radiata.  This  has  already  been  seen  to  be  formed  by  the 
continuation  upwards  of  the  internal  capsule  (p.  583).  In  the  corona  radiate  the 
fibres  which,  lower  down,  are  gathered  together  in  the  compact  mass  which  con- 
stitutes the  internal  capsule,  radiate  in  every  direction,  intersect  the  radiation  of 
the  corpus  callosum,  and  finally  reach  every  region  of  the  cortex.  Although  the 
fibres  of  the  corona  radiata  represent  the  chief  bulk  of  the  projection  fibres,  it  should 
also  be  borne  in  mind  that  a  certain  number  gain  the  cortex  by  a  different  route, 
notably  through  and  under  the  lenticular  nucleus  and  by  the  path  offered  by  the 
external  capsule. 

The  projection  fibres  of  the  cerebral  hemisphere  may  be  classified  into  (1) 
corticipetal,  and  (2)  corticifugal  groups ;  and  under  these  headings  the  following 
great  strands  may  be  arranged : — 


Corticipetal  Projection  Strands. 

1.  Thalamo-cortical. 

2.  Corticipetal  fibres  of  the  optic  radiation. 

3.  The  auditory  radiation. 


Corticifagal  Projection  Strands. 

1.  The  pyramidal  or  great  motor  tract 

2.  The  cortico-thalamic. 

3.  The  fronto-pontine  strand. 

4.  The  temporo-pontine  strand. 

5.  The  corticifugal  fibres  of  the  optic  radia- 

tion. 


The  great  motor  or  pjrnunidal  tract  is  composed  of  fibres  which  arise  from  pyramidal 
cells  in  that  portion  of  the  cortex  which  is  spread  over  the  Eolandic  area,  or,  in 
other  words,  in  the  district  immediately  in  front  of  the  fissure  of  Kolando.  The 
fibres  descend  through  the  corona  radiata  into  the  posterior  limb  of  the  internal 
capsule.  From  this  point  the  further  course  of  the  pyramidal  tract  has  been 
traced,  viz,  through  the  central  part  of  the  crusta  of  the  crus  cerebri,  the  ventral 
part  of  the  pons,  and  the  pyramid  of  the  medulla  oblongata.  At  the  level  of  the 
foramen  magnum  it  decussates  in  the  manner  already  described,  and  enters  the 
spinal  cord  as  the  crossed  and  direct  pyramidal  tracts.  The  fibres  composing  these 
end  in  connexion  with  the  ventral  or  motor  column  of  cells,  from  which  the  fibres 
of  the  anterior  roots  of  the  spinal  nerves  arise. 

The  fronto-pontine  strand  is  composed  of  fibres  which  arise  as  the  axons  of  the 
cells  in  the  cortex  which  covers  the  portion  of  the  frontal  lobe,  which  lies  in  front  of 
the  praecentral  furrows.  It  descends  in  the  anterior  limb  of  the  internal  capsule, 
enters  the  mesial  part  of  the  crusta  of  the  crus  cerebri,  through  which  it  gains  the 
ventral  part  of  the  pons.  In  this  its  fibres  end,  by  forming  arborisations  around  the 
cells  of  the  nucleus  pontis. 

The  temporo-pontine  tract  consists  of  fibres  which  spring  from  the  cells  of  that 
part  of  the  cortex  which  covers  the  middle  portions  of  the  two  upper  temporal  con- 
volutions. It  probably  represents  a  corticifugal  tract  belonging  to  the  auditory 
system,  seeing  that  it  springs  to  some  extent  from  the  auditory  cortical  area.  The 
temporo-pontine  tract  passes  inwards  under  the  nucleus  lenticularis,  enters  the 
retrolenticular  part  of  the  hinder  limb  of  the  internal  capsule,  and  thus  gains  the 
outer  part  of  the  crusta  of  the  crus  cerebri.  From  this  it  descends  into  the  ventral 
part  of  the  pons,  in  which  it  ends  in  the  nucleus  pontis  (Fig.  439,  p.  546). 

The  opUc  radiation  forms  a  very  definite  and  easily  demonstrated  tract  of 
longitudinally-directed  fibres  in  the  white  medullary  centre  of  the  occipital  lobe. 
It  lies  on  the  outer  side  of  the  ventricular  cavity,  from  which  it  is  separated  by  the 
fibres  of  the  tapetum  and  the  ependyma  of  the  ventricle  (Figs.  462,  p.  576  ;  and  465, 
p.  579).  To  the  outer  side  of,  and  applied  closely  to,  the  optic  radiation  is  another 
longitudinal  tract  of  fibres  in  this  part  of  the  medullary  centre  of  the  cerebral  hemi- 
sphere, viz.  the  inferior  longitudinal  association  bundle ;  but  the  fibres  of  the  latter 
fasciculus  are  coarser  and  are  stained  more  deeply  by  the  Pal-Weigert  method,  and 
thus  they  can,  as  a  rule,  be  easily  distinguished  from  the  optic  radiation.     Traced 
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in  a,  backward  direction,  the  fibres  of  the  optic  radiation  diBpeise  and  pass  to  the 
cortex  of  the  occipital  lobe  on  both  its  mesial  and  outer  aspecla  This  is  a  matter 
of  interest,  seeing  that  the  visual  centre  ia  placed  in  this  cortical  district,  and  more 
particularly  on  the  mesial  aspect  in  the  immediate  neighbourhood  of  the  calcarine 
fissure  (Flechsig  and  Henschen).  When  the  optic  radiation  is  followed  in  a  forward 
direction  it  ia  seen  to  enter  the  retrolenticular  part  of  the  posterior  limb  of  the 
internal  capsule,  from  whence  its  fibres  pass  to  the  pulvinar  of  the  optic  thalamuH, 
to  the  corpus  geniculatum  externum  and  the  superior  quadrigeminal  body. 

As  we  have  noted,  the  optic  radiation  is  composed  partly  of  corticifugal  and 
partly  of  corticipetal  fibres  (p.  552).  The  former  arise  from  cells  in  the  occipital 
cortex  and  end  in  the  pulvinar  and  the  superior  quadrigeminal  body  ;  the  cortici- 
petal fibres  arise  in  the  pulvinar  and  in  the  corpus  geniculatum  externum  and 
end  iu  the  occipital  cortex  (Ferrier  and  Turner). 

The  system  of  fibres  which  belong  to  the  mesial  fillet  and  the  superior  carebellu 
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peduncle  have  been  already  more  or  less  fully  dealt  with  (pp.  535  and  539).  TheSllet 
system  represents  the  continuation  upwards  of  the  posterior  columns  of  the  cord. 
The  first  nuclear  interuodes  in  the  system  are  met  with  in  the  medulla  in  the  shape  of 
the  cuneate  and  gracile  nucleL  It  is  here  that  the  fillet  first  takes  definite  shape,  and, 
as  it  passes  upwards  through  the  tegmental  part  of  the  medulla  and  pons,  it  receives 
many  additions  to  its  strength  in  the  form  of  fibres  from  the  nuclei  of  termiDation 
of  the  aRerent  cranial  nerves.  Finally,  passing  through  the  tegmentum  of  the 
mesencephalon,  it  reaches  the  subthalamic  region  and  enters  the  ventral  aspect  of 
the  thalamus.  This  may  be  looked  upon  as  being  the  second  internode  laid  across 
the  path  of  the  fillet,  and  its  fibres  end  in  arborisations  around  the  thalamic  cells. 

The  flbres  of  the  superior  cerebellar  pednnde  encounter  two  nuclear  internodes  as 
they  pass  towards  the  cerebral  cortex,  viz.  the  red  tegmental  nucleus  and  tbe  optic 
thalamus  (p.  536). 

The  films  of  tlie  auditory  radiation  arise  as  the  axons  of  cells  situated  iu  tbe 
internal  geniculate  body.  They  enter  the  retrolentioular  part  of  the  posterior  limb 
of  tbe  internal  capsule  and  proceed  under  the  lenticular  nucleus  towards  tbe 
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temporal  lobe.  Here  they  end  ic  the  area  of  cortex  which  constitutee  the  auditory 
centre.  This  correeponds  to  the  middle  portion  of  the  superior  temporal  convolu- 
tioD,  and  also  to  the  rudimentary  transverse  gyri  of  Heechl,  which  are  present  on 
the  insular  surface  of  the  temporal  operculum. 

The  tbAlamo-cortical  cortlco-tiialamic  systems  include  the  fibres  which  conatitute 
a  double  bond  of  counesiou  between  the  thalamus  and  all  parts  of  the  cortex. 
They  are  sufficiently  described  at  p.  545. 

The  reuiiirkable  researchea  uf  Flechaic  have  added  greatlj'  to  our  knowledge  of  the  different 
tracts  of  fibres  in  the  cerebral  liemispTieie.  By  studying  the  psrioda  at  which  these  tracts 
myelinate  he  haa  been  able  to  note  the  manner  in  which  the  different  areas  of  the  cortex  are 
bound  together  and  also  linhed.on  to  subjacent  centres.  He  has  arrived  at  a  highly  ioiportant 
conception  regarding  the  functional  value  of  different  districts  of  the  cortex,  founded  upon  their 
Bnatomical  connexions.  He  recognises  four  sense-areas  in  the  cortex,  viz.  the  soniEesthetic  urea, 
thfj  visual  area,  the  auditory  area,  and  the  olfactory  ai«a. 

The  BOBUBBtlietic  area  is  the  field  of  general  sensibility  and  is  the  moat  extensive  of  all.  It 
includes  the  two  central  convohitioiia,  the  posterior iHtrtions  of  the  three  frontal  convolulious,  the 
paracentral  convolution,  and  thu  adjoining  part  of  tlie  callosal  convolution. 

The  visnal  area  is  placed  on  the  inner  aspect  of  the  occipital  lobe,  and  more  particularly  in 
the  immedial«  neighbourhood  of  the  calcarine  fissure. 

The  auditory  area  correajxindB  to  the  middle  third  of  the  fiuperior  temporal  convolution 
and  to  the  transverse  gyri  of  Heschl. 

The  olfactory  area  includes  the  locus  perforatus  antlcus,  the  trigonum  olfactorium,  the 
anterior  part  of  the  callosal  convolution,  and  the  uncus. 

These  sense-areas  are  peculiarly  rich  in  their  supply  of  projection  fibrea,  and  each  is  provided 
with  an  extensive  system  of  both  corticifugal  and  cortfcipetal  fibres.     Thus  the  somxslhetic  area 
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is  the  field  where  the  motor  pyramidal  tract  takes  origin  and  within  which  the  tracts  of  general 
Mnaibilily  end.  The  visual  area  has  the  corticipetal  and  corticifugal  fibres  of  the  optic  raaiation. 
The  anditory  area  has  the  corticipelal  auditory  radiation  and  also  the  corticifugal  temporo- 
pontine tract.  In  man  the  olfactory  area  is  feebly  developed,  and  Flechsig  has  not  been  able 
l<>  entablifh,  with  certainty,  its  corticipetal  and  corticifugal  projectiou  tracts. 

The  sense-areas  differ  greatly  from  each  other  in  the  extent  of  cerebral  surface  which  the^ 
cover.  The  size  in  each  case  is  in  strict  conformity  with  the  peripheral  area  with  which  each  u 
in  connexion.  It  can  easily  be  understood,  therefore,  how  the  somtesthetio  area,  representing  as 
it  does  on  the  cortex  all  the  parts  of  the  body  outside  the  special  organs  of  sense,  from  which 
senmry  nerves  proceed,  should  be  so  large.  Further,  it  is  manifest  why  the  visual  sensorial  area, 
which  in  the  cortex  is  the  corresponding  part  to  the  retina,  shoidd  be  of  gTeBt«r  extent  than  the 
auditory  field,  which  represents  the  cochlea,  and  the  olfactory  area,  which  represents  a  small 
aniount  of  olfactory  mucous  membrane  in  the  nasal  chamber. 

The  four  sensorial  areas,  taken  together,  only  form  about  oiie'thiiil  of  the  entire  cerebral 
surface.  The  remaining  two-thirds  of  the  cortex  constitute  what  Flechsig  has  termed  the 
SMOCiation  centres.  The  great  extent  of  these  in  man  must  be  regarded  as  a  special  human 
characteristic  These  centres  differ  from  the  sensorial  areas  in  being  poorly  provided  with  pro- 
jection fibres.  They  have  little  direct  connexion  with  the  centres  which  lie  at  a  lower  level 
Indeed,  the  only  direct  bond  of  union  over  a  very  large  extent  of  these  association  areas  with 
lower  centres  consista  of  the  thalamo -cortical  fibres,  which  pass  to  them  froni  the  thalamus. 
But,  on  the  other  hand,  they  are  rich  in  association  fibres,  and  are  linked  in  the  most  complete 
and  perfect  manner  by  these  fibres  lo  the  sensorial  areaa. 

Flechsig  regards  these  association  areai  as  constituting  the  ijortions  of  cortex  in  which  the 
higher  intellectual  activities  are  carried  on,  and  he  further  believes  that  they  exercise  an 
important  controlling  influence  over  the  sense-areas.  More  particularly  is  this  control  exhibited 
in  the  case  of  the  great  somssthetic  area,  within  which  the  influence  of  all  bodily  impressions  is 
received  and  transformed  into  consciousneaa,  and  within  which  the  impidses  which  are  thereby 
42 
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excited  take  definite  form.  These  impulses,  according  to  Flechsig,  are,  in  a  measure,  in  all 
properly-balanced  minds,  held  in  subjection  by  the  higner  feelings,  which  assume  shape  in  the 
association  centres. 

In  his  study  of  the  foetal  and  infantile  brain  Flechsig  has  shown  that  the  fibres  of  the  sensory 
paths  become  medullated  in  the  first  instance ;  then  the  corticifugal  fibres  which  go  out  from  the 
sense-areas  assume  their  sheaths  of  myelin ;  and,  further,  that  it  is  not  until  a  month  after  birth, 
and  after  the  projection  fibres  in  connexion  with  the  sense-areas  are  myelinated,  that  the  associa- 
tion areas  become  linked  on  by  medullated  association  fibres  with  the  sense-areas. 

Development  of  the  Parts  derived  from  the  Fore-brain. 

It  has  been  previously  noted  that  the  fore-brain  very  early  shows  an  obscure  sub- 
division into  a  front  portion,  termed  the  telencephalon,  and  a  hinder  part^  called  the 
dieucephalon,  which  corresponds  more  nearly  to  the  original  cavity  of  the  fore-brain. 
The  cavity  of  third  ventricle  is  derived  from  both,  and  stretches  forwards,  therefore,  to 
the  lamina  terminalis,  which  in  its  lower  part  is  represented  in  the  adult  by  the  lamina 
cinerea. 

The  lateral  wall  of  both  sections  of  the  primitive  fore-brain  shows  a  subdivision  into 
a  dorsal  or  alar  and  a  ventral  or  basal  lamina.  The  groove  which  indicates  this  separa- 
tion is  the  sulcus  of  Monro,  ajid  is  evident  even  in  the  adult  brain. 

In  recognising  an  alar  and  basal  lamina  in  the  fore-brain  the  teaching  of  Professor  Hie  is 
followed.  This  subdivision,  however,  is  not  admitted  by  all  observers,  and  some  hold  that  the 
fore -brain  is  to  be  regarded  as  a  great  diverticular  expansion  which  grows  out  from  the  mid- 
dorsal  and  alar  laminae  of  the  mesencephalon. 

Alar  Lamina. — The  alar  part  of  the  lateral  wall  of  the  telencephalon  is  pushed  out 
to  form  the  diverticulum,  which  ultimately  constitutes  the  cerebral  hemisphere,  and  thus 
from  a  very  early  period  the  primitive  position  of  this  part  of  the  lateral  wall  is  indicated 
by  the  wide  foramen  of  Monro,  or  aperture  of  communication  between  the  cavity  of  the 
cerebral  hemisphere  and  the  third  ventricle. 

The  alar  part  of  the  lateral  wall  of  the  diencephalon  is  utilised  for  the  development  of 
the  thalamus,  the  epithalamus,  and  the  metathalamus.  Of  these  the  optic  thalamus  is 
derived  from  the  anterior  and  by  far  the  greatest  part  of  the  alar  wall.  It  arises  as  a 
large  oval  swelling,  which  gradually  approaches  its  fellow  of  the  opposite  side,  and  thus 
diminishes  the  width  of  the  third  ventricle.  Finally,  the  two  bodies  come  into  contact  in 
the  mesial  plane  and  cohere  over  an  area  corresponding  to  the  gray  commissure.  This 
occurs  about  the  end  of  the  second  month. 

From  that  section  of  the  lateral  wall  to  which  the  name  of  metathalamus  is  given  the 
two  geniculate  bodies  arise.  Each  of  these  shows,  in  the  first  place,  as  a  depression  on 
the  inside,  and  a  slight  elevation  on  the  outside,  of  the  wall  of  the  diencephalon.  As  the 
thalamus  grows  backwards,  it  encroaches  greatly  upon  the  territory  occupied  by  the  geni- 
culate bodies.  It  thus  comes  about  that  in  the  adult  brain  the  internal  geniculate  body 
seems  to  hold  a  position  on  the  lateral  aspect  of  the  mesencephalon,  whilst  the  external 
geniculate  body,  viewed  from  the  surface,  appears  to  be  a  part  of  the  thalamus. 

From  the  epithalamic  region  of  the  Wall  of  the  diencephalon  are  developed  the  pineal 
gland,  its  peduncle,  and  the  habenular  region.  These  parts  are  relatively  much  more 
evident  in  the  embryonic  than  in  the  adult  brain.  The  pineal  body  is  developed  as  a 
diverticulum  of  the  posterior  part  of  the  roof  of  the  diencephalon.  Viewed  from  the 
dorsal  aspect  of  the  brain-tube,  this  diverticulum  shovra  in  the  first  instance  as  a  rounded 
elevation,  from  either  side  of  which  a  broad  ridge  runs  forwards.  This  ridge  becomes 
the  taenia  thalami,  whilst  in  the  region  of  its  junction  with  the  pineal  elevation  the 
trigonum  habenulee  takes  shape.  The  pineal  diverticulum  ultimately  becomes  solid,  but 
a  small  portion  of  the  original  cavity  is  retained  as  the  recessus  pinealis  of  the  third 
ventricle. 

Basal  Lamina. — The  part  of  the  diencephalon  and  telencephalon  which  represents 
the  basal  lamina  lies  below  the  level  of  the  sulcus  of  Monro,  retains  its  primitive  form,  and 
undergoes  only  slight  change.  Consequently,  when  this  region  in  the  adult  brain  is  com- 
pared with  the  corresponding  region  in  the  embryonic  brain,  the  resemblance  between  the 
two  is  very  striking. 

In  the  fore-brain,  therefore,  it  is  the  alar  lamina  which  plays  the  predominant  part  in 
the  formation  of  the  cerebrum.  The  value,  also,  of  the  basal  part  of  the  wall  of  this 
portion  of  the  neural  tube  is  still  further  reduced  by  the  fact  that  it  no  longer  contains 
the  nuclei  of  origin  of  efferent  nerves.  The  highest  of  these  nuclei  (the  oculo-motor)  is 
placed  in  the  mesencephalon. 
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The  regiou  of  the  fore-brain  which  lies  below  the  sulcus  of  Monro  is  termed  the  bypo- 
tbatamus.  The  part  of  this  which  corresponda  to  the  dieucephalon  is  called  the  pars 
maDimillaris     hypothalami, 

whilst  the  part  in  front,  which  forp  . 

belongs  to  the  telencephalon, 
receives  the  iiame  of  pars  optica 
hypothalami. 

From  the  pars  manimillarie 
hypothalami   are  derived    the  , 

corpus     niammillare     and     a  ; 

portion  of  the  tnber  cinerenm. 
With  the  pars  optica  hypo- 
thalami are  associated  the 
following  parts,  tie.  the  tuber 
ciuereum,  with  the  infuudi- 
bulum  and  the  cerebral  part 
of  the  pituitary  body,  the  optic 
chiasma,  the  optic  recess,  and 
the  lamina  cinerea. 

The  corpora  mammillaria 
form,  in  the  first  instance,  a 
relatively  large  downward 
bulging  of  the  floor  of  the 
brain-tiibe.  As  development 
goes  on  this  bulging  becomes  | 

relatively  small,  and  about  the  i  : 

fourth  mouth  the  single  pro- 
jection becomes  divided  into 
the  two  tubercles. 

The  infuudibulum  and 
posterior  or  cerebral  lobe  of 
the  pituitary  body  are  de- 
veloped as  a  hollow  downward 
diverticulum  of   the    floor  of 

the  telencephalon  (p.  549).      A       •■''"-  *rs.-T*o  Db»wi[<,;s  ok  the  Embrvosic  Brain  ihy  H«).       ■ 
portion  of  the  original  cavity  ■*■  Beconittuctiou  of  the  fore-brsia  »nd  mid-brain  of  Hi-^s  eml.ryo  KO  ; 

iV  retained  in  the"  upper  part        P""'"  "«"■    »■  .f»"'"  ^"^  "  "*•  '""■'"''  ''""«  "'*  "'"^^  P'""" 

I  .1      ■   r      JL    1       i^r       J~  and  viewed  upou  its  inner  inpeet 

of  the  rafundibulum,  and  con-  m,  M»ttimill.ry  BminencB  ;  T.c,  TuUr  oiin^reuni  ;  Hp,  HypophyBis 
Mtitutes  the  infundibular  recess  (pituitarr  diverticulam  fiom  buccal  caviiy) ;  Opt,  Optic  Btslk  ; 
in  theflooroflhetbird  ventricle.  TH,  Optic  tlialanmit ;  Tg,  TegiDentat  part  of  nje--Hencephalon  ;  Rs, 

The  nnii..  KOT-irn  In  ohlnflv         P"  subthslaiiiicB  ;  C.«,  Corpus  striatam  ;  F.M,  Foramen  of  Monro  ; 
I  ne  opwc  nerve  is  cn'eny         ^   Lamina  tenuinJb ;  RO,  Receaui  opticus ;  R.i,  R*cea.ii.  iufun- 
formed  by  the  passage  of  nbrea        iiiboli 
backwards    from    the    retina 

in  the  wall  of  the  original  optic  stalk,  whilst  the  ubiusma  takes  form  by  the  transit  of 
fibres  across  the  middle  line  in  front  of  the  infundibulutu  and  behind  the  optic  recess.  To 
a  large  extent  lliese  fibres  are  derived  from  the  optic  nerve.  The  optic  recess  of  the  third 
ventricle  marks  the  spot  where  the  hollow  optic  vesicle  originally  bulged  out  from  the 
lower  and  lateral  part  of  the  fore-brain,  and  in  the  adtdt  it  therefore  represents  a  portion 
of  the  primitive  cavity  of  the  tubular  stalk  of  the  optic  vesicle.  In  the  course  of  develop- 
ment the  optic  nerve  fibres,  which  appear  iu  the  stalk  of  the  optic  vesicle  to  form  the 
optic  nerve,  seek  an  attachment  much  further  back,  and  through  the  optic  tract  they  are 
even  carried  as  far  as  the  mesencephalon. 

The  roof  of  the  fore-brain  remains  thin,  and  docs  not  proceed  to  the  development 
of  nervous  elements,  except  in  its  posterior  part.  Here  it  forms  the  pineal  body  and  the 
posterior  commissure.  In  front  of  these  structures  the  roof  of  the  fore-brain  is  epithelial, 
and  remains  so  during  life.  It  constitutes  the  epithelial  roof  of  the  third  ventricle,  aud- 
it becomes  involuted  along  the  middle  line  into  the  cavity  by  the  choroid  plesuses  of  the 
ventricle.  The  posterior  commissure  appears  as  a  tiwisverse  thickening  at  the  lx)ttom  of 
a  transverse  groove  which  appears  in  the  roof  of  the  early  brain-tube  Iwliiud  the  pineal 
diverticulum. 

Cerebral  Hemisphere. — The  cerebral  hemisphere  is  derived  from  the  iiUr  sectiim 
of  the  lateral  wall  of  the  telencephalon.     From  this  it  grows  out  and  soon  assumes  very 
large  dimensions.     At  first  it  grows  forwards  and  upwards,  and  a  distinct  fissure,  the 
42  a 


596  THE  KERVOUS  SYSTEM. 

early  inciBiira  loDgitudinalis  cerebri,  appears  between  the  cerebral  hemispheres  of 
opposite  aides.  The  separation  of  the  two  cerebral  vesicles  by  the  longitudinal  fiMuce 
begins  at  the  end  of  the  first  month.  This  fissure  becomes  occupied  b;  mesoblutic  tissue, 
whicli  later  on  forms  the  falx  cerebri.  The  cerebral  hemisphere,  in  its  further  growth,  is 
carried  progressively  backwards  over  the  hinder  parts  ot  the  developing  brain.  At  the 
end  of  the  third  month  it  has  covered  the  optic  thalamus.  A  month  later  it  reaches  the 
corpora  quadrigemina,  and  by  the  seventh  month  it  has  not  only  covered  these,  but  also 
the  entire  upper  surface  of  the  cerebellum. 

At  the  end  of  the  first  month  the  olfactory  lobe  grows  out  as  a  hollow  protrusion  from 
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the  lower  and  fore  part  of  the  cerebral  vesicle.  This  in  course  of  time  becomes  solid  and 
forms  the  olfactory  tract  and  bulb.  In  the  adult  brain  the  point  which  corresponds  t« 
<  the  original  connexion  between  the  early  hollow  olfactory  diverticulum  and  the  cavity  of 
the  cerebral  vesicle  is  represented  by  the  extremity  of  the  anterior  comu  of  the  lateral 
ventricle. 

In  the  floor  of  the  hollow  cerebral  hemisphere  a  thickening  takes  origin,  and  thia 
ultimately  is  developed  into  the  corpus  striatum.  On  the  outer  surface  of  the  vesicle  tbia 
thickening  is  seen  to  correspond  to  a  depression  which  constitutes  the  early  Sylvian  fossa, 
the  further  development  of  which  is  described  on  p.  556. 

In  the  earlier  stages  of  its  development  the  cerebral  hemisphere  is  a  thin-walled  vesicle 
with  a  relatively  large  cavity,  which  represents  the  primitive  condition  of  the  lateral 
ventricle.  At  first  the  vesicle  is  bean-shaped  and  the  cavity  is  curved.  At  thie  stage  the 
outline  is  very  similar  to  that  presented  by  the  cerebral  hemisphere  of  a  quadruped,  and 
there  is  little  or  no  trace  of  an  occipital  lobe  or  of  a  posterior  horn  of  the  lateral  ventricle. 
As  development  goes  on,  however,  ^e  occipital  portion  of  the  hemisphere  grows  backwards 
over  the  cerebellum  in  the  shape  of  a  hollow  protmsion,  and  a  distinct  occipital  lobe 
enclosing  the  posterior  horn  of  the  lateral  ventricle  is  the  result.  This  developmental 
stage,  which  is  distinctive  of  man  and  the  apes,  begins  about  the  fourth  month. 

On  the  mesial  aspect  of  the  cerebral  hemisphere,  in  the  early  stages  of  its  development, 
an  invagination  of  the  wall  of  the  vesicle  takes  place  into  the  cavity  immediately  above 
and  behind  the  large  foramen  of  Monro.  This  is  the  choroidal  fissure,  and  the  fold  of  the 
cerebral  wall,  which  is  thus  thrust  into  the  cavity,  remains  thin  and  entirely  epithelial. 
Aft«r  a  time  mesoblastic  tissue  from  the  great  longitudinal  fissure  finds  its  way  into  the 
choroidal  fissure  and  occupies  the  interval  between  the  two  thin  layers  which  form  the  fold. 
This  mesoblastic  tissue  forms  the  choroid  plexus  of  the  lateral  ventricle,  and  in  the  early 
stages  of  the  hemisphere  it  is  so  voluminous  that  it  fills  up  the  relatively  large  cavity  of 
the  lateral  ventricle. 

Development  of  the  Gsrri  and  Sulci.— In  the  early  stages  of  itt  development,  the 
surface  of  the  cerebral  hemisphere  is  smooth  and  closely  applied  to  the  deep  surface  of 
the  cranial  capsule  within  which  it  is  enclosed. 

After  the  occipital  lobe  is  fully  formed  and  the  fifth  mouth  is  reached,  the  cranium 
grows  for  a  time  more  rapidly  than  the  brain,  with  the  result  that  a  relatively  wide  space  ia 
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left  between  the  cerebral  surface  and  the  surrounding  cranial  envelope.  This  is  occupied 
by  sodden  subarachnoid  tissue,  and  when  this  stage  is  reached  (in  the  latter  part  of  the 
fifth  month)  the  sulci  and  gyri  begin  to  make  their  appearance.  The  incomplete  sulci  owe 
their  origin  to  the  upheaval  of  the  cerebral  cortex  on  either  side  of  the  appearing  fissures, 
and  the  gyri  which  bound  them  are  formed  as  the  result  of  an  exuberance  of  surface 
growth  in  localised  areas.  Owing  to  the  wide  interval  between  the  cranial  wall  and  the 
surface  of  the  cerebral  hemisphere,  the  particular  surface  areas  which  grow  and  foreshadow 
the  future  gyri  suffer  no  restriction,  and  they  take  the  form  of  rounded  eminences  which 
rise  from  the  general  surface  level  of  the  cerebral  hemisphere.  As  growth  goes  on,  how- 
ever, the  brain  gradually  assumes  a  bulk  more  nearly  in  accord  with  the  cavity  of  the 
cranium,  and  the  space  for  extension  becomes  more  limited.  Finally,  about  the  beginning 
of  the  eighth  month,  the  gyral  elevations  come  into  close  contact  with  the  cranial  wall, 
and  a  stage  of  growth-antagonism  between  the  brain  and  its  enclosing  capsule  is  entered 
upon.  As  a  result  of  this  the  gyri  are  pressed  together,  the  fissures  assume  more  definite 
shape,  and  the  ordinary  convolutionary  forms  make  their  appearance.  So  intimate,  indeed, 
is  the  contact  between  the  cerebral  hemisphere  and  the  skull  capsule  that  the  gyri,  to 
some  extent,  produce  an  imprint  on  the  deep  aspect  of  the  cranial  bones. 

As  already  explained,  the  complete  fissures  are  produced  by  an  infolding  of  the  wall 
of  the  cerebral  vesicle. 

Cerebral  Commissures. — The  development  of  the  cerebral  commissures  is  sur- 
rounded with  much  difficulty.  It  would  seem  that  the  corpus  callosum,  the  anterior 
commissure,  and  the  fornix  all  take  origin  in  the  lamina  terminalis.  The  triangular 
interval  which  is  left  between  these  commissures  is  occupied  by  the  septum  lucidum — a 
structure  which  has  an  intimate  developmental  and  morphological  connexion  with  the 
gyrus  subcallosus.  The  great  development  of  the  corpus  callosum  in  man  is  to  be 
associated  with  the  enormous  expansion  of  the  human  neo-pallium  of  which  it  is  the 
commissure. 

Weight  of  the  Brain. 

The  average  weight  of  the  adult  male  brain  may  be  said  to  be  about  1360 
grammes.  The  female  brain  weighs  rather  less,  but  this  is  to  be  expected  from  the 
smaller  bulk  of  the  female  body.  Probably  the  relative  weight  of  the  brain  in  the 
two  sexes  is  very  much  the  same.  The  variations  met  with  in  brain-weight  are 
very  great,  but  it  is  doubtful  if  normal  intellectual  functions  could  be  carried  on  in 
a  brain  which  weighs  less  than  960  gramme&  In  microcephalic  idiots  brains  of 
extremely  small  size  are  met  with. 

• 

THE  MENINGES  OF  THE  BRAIN  AND  SPINAL  CORD. 

The  brain  and  spinal  cord  are  enclosed  within  three  membranes,  which  are 
termed  the  meninges  or  meningeal  membranes.  From  without  inwards  these  are : 
(1)  the  dura  mater,  (2)  the  arachnoid  mater,  and  (3)  the  pia  mater.  The  space 
between  the  dura  mater  and  the  arachnoid  receives  the  name  of  subdural  space, 
while  the  much  more  roomy  interval  between  the  arachnoid  and  the  pia  mater  is 
called  the  subarchnoid  space. 

Dura  Mater. 

The  dura  mater  is  a  dense  and  thick  fibrous  membrane  which  possesses  a  very 
considerable  degree  of  strength.  Its  arrangement  within  the  cranial  cavity  is  so 
different  from  that  within  the  spinal  canal  that  it  is  customary  to  speak  of  it  as 
consisting  of  two  parts,  viz.  a  cranial  and  a  spinal,  although  in  adopting  this  sub- 
division it  must  be  clearly  understood  that  both  portions  are  continuous  with  each 
other  at  the  foramen  magnum. 

Cranial  Dura  Mater  (dura  mater  cerebri). — The  cranial  dura  mater  is  adherent 
to  the  inner  surface  of  the  cranial  wall,  and  performs  a  double  office.  J  t  serves  as 
an  internal  periosteum  for  the  bones  which  it  lines  and  constitutes  an  envelope 
for  the  brain.  Its  inner  surface,  which  bounds  the  subdural  space,  is  smooth  and 
glistening,  and  is  covered  by  a  layer  of  endothelial  cells.  The  outer  surface,  when 
separated  from  the  cranial  wall,  is  rough,  this  being  due  to  numerous  fine  fibrous 
processes  and  blood-vessels  which  pass  between  it  and  the  bones.  Its  degree  of 
42  & 
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adheeioD  to  the  cranial  wall  differs  considerably  in  different  r^ions.     To  the  vault 

of  the  cranium,  except  along  the  lines  of  the  suturea,  the  connexion  is  by  no  means 
strong,  and  in  the  intervals  between  the  fibrous  processes  which  pass  into  the  bone 
there  are  small  lymph  spaces  (epidural  spaces)  where  the  outer  surface  of  the 
membrane  is  covered  by  endothelial  cells.  So  long  as  the  sutures  are  open  the 
dura  mater  is  connected  with  the  periosteum  on  the  exterior  of  the  skull,  along  the 
sutural  lines,  by  a  thin  layer  of  fibrous  tissue  which  intervenes  between  the  bony 
margins  Around  the  foramen  magnum,  and  to  the  floor  of  the  cranium,  the  dura 
mater  is  very  firmly  adherent.  This  is  more  particularly  marked  in  the  ease  of  the 
projecting  parts  of  the  cranial  floor,  as,  for  example,  the  petrous  portions  of  the 
temporal  bones,  the  clinoid  processes,  and  so  on.  This  firm  adhesion  in  these 
regions  is  still  further  sirengthened  by  the  fact  that  the  nerves,  as  they  leave  the 
cranium  through  the  various  foramina,  are  followed  by  sheaths  of  the  fibrous  dura 
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mater.  Outside  the  cranium  these  prolongations  of  the  membrane  blend  with  the 
fibrous  sheaths  of  the  nerves,  and  likewise  become  connected  with  the  periosteuni-on 
the  exterior  of  the  skulL  In  the  child,  during  the  growth  of  the  cranial  bonee,aud 
also  in  old  age,  the  dura  mater  is  more  adherent  to  the  cranial  wall  than  during  the 
intermediate  portion  of  life. 

The  cranial  dura  mater  is  composed  of  two  layers  intimately  connected  with 
each  other,  but  yet  capable  of  lieing  demonstrated  in  most  regions  of  the  cranium. 
Along  certain  lines  these  two  layers  separate  from  each  other  so  as  to  form  cbanueU 
lined  by  endothelium.  These  channels  are  the  Tanoiu  Uood-sinnaee  which  receive  the 
blood  from  veins  which  come  from  various  parts  of  the  brain.  They  are  described 
in  the  section  dealing  with  the  Vascular  System. 

Strong  fibrous  partitions  or  septa  are  given  off  along  certain  lines  from  the  deep 
surface  of  the  dura  mater.  These  project  into  the  cranial  cavity,  and  subdivide  it 
partially  into  compartments  which  all  freely  communicate  with  each  other,  and 
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each  of  which  contains  a  definite  subdivision  of  the  brain.  These  septa  are :  (1)  the 
falx  cerebri;  (2)  the  tentorium  cerebelli;  (3)  the  falx  cerebelli;  and  (4)  the 
diaphragma  sellse. 

The  fEilz  ceiebri  is  a  sickle-shaped  partition  which  descends  in  the  great  longi- 
tudinal fissure  between  the  two  hemispheres  of  the  cerebrum.  In  front  it  is  narrow, 
and  attached  to  the  crista  galli  of  the  ethmoid  bone.  As  it  is  followed  backwards 
it  increases  in  breadth,  and  behind  it  is  attached  along  the  mesial  plane  to  the 
upper  surface  of  the  tentorium.  The  anterior  narrow  part  of  the  falx  is  frequently 
cribriform,  and  is  sometimes  perforated  by  apertures  to  such  an  extent  that  it  almost 
resembles  lace- work.  Along  each  border  it  splits  into  two  layers,  so  as  to  enclose  a 
blood-sinus.  Along  its  upper  convex  attached  border  runs  the  great  longitvdinal 
sinus  ]  along  its  concave  free  border  courses  the  much  smaller  inferior  longitudinal 
sinus ;  whilst  along  its  attachment  to  the  tentorium  is  enclosed  the  straight  sinus. 

The  tentorinm  cerebelli  is  a  large  crescentic  partition  of  dura  mater,  which  forms 
a  membranous  tent-like  roof  for  the  posterior  cranial  fossa,  and  thus  intervenes 
between  the  posterior  portions  of  the  cerebral  hemispheres  and  the  cerebellum.  It 
is  accurately  applied  to  the  upper  surface  of  the  cerebellum.  Thus  its  highest  point 
is  in  front  and  in  the  mesial  plane,  and  from  this  it  slopes  downwards  towards  its 
attached  border.  It  is  kept  at  a  high  degree  of  tension,  and  this  depends  on  the 
integrity  of  the  falx  cerebri,  which  is  attached  to  its  upper  aspect  in  the  mesial 
plane. 

The  posterior  border  of  the  tentorium  is  convex,  and  is  attached  to  the  hori- 
zontal ridge  which  marks  the  deep  surface  of  the  occipital  bone.  Beyond  this,  on 
each  side,  it  is  fixed  to  the  postero-inferior  angle  of  the  parietal  bone,  and  then 
forwards  along  the  superior  border  of  the  petrous  portion  of  the  temporal  bone. 
From  the  internal  occipital  protuberance  to  the  postero-inferior  angle  of  the 
parietal  bone  this  border  encloses  the  lateral  blood-sinus,  whilst  along  the  upper 
border  of  the  petrous  bone  it  encloses  the  superior  petrosal  sinus.  The  anterior 
border  of  the  tentorium  is  sharp,  free,  and  concave,  and  forms  with  the  dorsum 
sell^  an  oval  opening  shaped  posteriorly  like  a  pointed  arch.  This  opening  receives 
the  name  of  the  incisnra  tentorii,  and  within  it  is  placed  the  mesencephalon,  or  the 
stalk  of  connexion  between  the  parts  which  lie  in  the  posterior  cranial  fossa  and 
the  cerebrum.  Beyond  the  apex  of  the  petrous  part  of  the  temporal  bone  the  two 
margins  of  the  tentorium  cross  each  other  like  the  limbs  of  the  letter  X ;  the  free 
margin  is  continued  forwards,  to  be  attached  to  the  anterior  clinoid  process,  whilst 
the  attached  border  proceeds  inwards,  to  be  fixed  to  the  posterior  clinoid  procesa 

The  fiftlx  cerebelli  is  a  small,  sickle-shaped  process  of  dura  mater  placed  below 
the  tentorium,  which  projects  forwards  in  the  mesial  plane  from  the  internal  occi- 
pital crest.  It  occupies  the  notch  which  separates  the  two  hemispheres  of  the 
cerebellum  posteriorly.  Inferiorly  it  bifurcates  into  two  small  diverging  ridges 
which  gradually  fade  away  as  they  are  traced  forwards  on  either  side  of  the  foramen 
magnum. 

The  diaphragma  sellA  is  a  small  circular  fold  of  dura  mater  which  forms  a  roof 
for  the  pituitary  fossa.  A  small  opening  is  left  in  its  centre  for  the  transmission 
of  the  infundibulum. 

Spinal  Dura  Mater  (dura  mater  spinalis). — In  the  spinal  canal  the  dura  mater 
forms  a  tube  which  encloses  the  spinal  cord,  and  which  extends  from  the  foramen 
magnum  above  to  the  level  of  the  second  or  third  piece  of  the  sacrum  below.  It 
is  very  loosely  applied  to  the  spinal  cord  and  the  nerve-roots  which  form  the 
Cauda  equina ;  in  other  words,  it  is  very  capacious  in  comparison  with  the  volume 
of  its  contents.  Moreover,  its  calibre  is  not  uniform.  In  the  cervical  and  lumbar 
regions  it  is  considerably  wider  than  in  the  dorsal  region,  whilst  in  the  sacral 
canal  it  rapidly  contracts,  and  finally  ends  by  blending  with  the  filum  terminale 
externum,  the  chief  bulk  of  which  it  forms.  At  the  upper  end  of  the  spinal 
canal  the  spinal  dura  mater  is  firmly  fixed  to  the  third  cervical  vertebra,  to  the 
axis  vertebra,  and  around  the  margin  of  the  foramen  magnum.  In  the  sacral 
canal  the  filum  terminale  externum,  with  which  it  blends,  extends  downwards  to 
the  back  of  the  coccyx,  to  the  periosteum  of  which  it  is  fixed.  The  lower  end  of 
the  tube  is  thus  securely  anchored  and  held  in  its  place. 
42  c 


THE  ARACHNOIDEA.  601 

in  firont  of  the  pons,  and  in  certaiu  of  these  regions  it  is  separated  from  the  brain- 
Burfiice  by  wide  intervala. 

The  spinal  part  of  the  arachnoid  mater  or  arachnoidea  spinalis,  which  is  directly 
coatinuouB  with  the  cranial  arachnoidea,  forms  a  loose  wide  investment  for  the 
apinal  cord.  This  arachnoidal  sac  is  most  capacious  towards  its  lower  part,  where  it 
envelopes  the  lower  end  of  the  cord  and  the  collection  of  long  nerve-roota  which 
constitute  the  cauda  equina. 

As  the  nerves,  both  from  the  brain  and  the  cord,  pass  outwards  they  receive  an 
investment  from  the  arachnoid,  which  runs  for  a  ebort  distance  upon  them  and 
then  comes  to  an  end. 

Sabarachnoid  Space  (cavum  subarachuoidale). — The  interval  between  the 
arachnoidea  and  the  pia  mater  receives  the  name  of  the  subarachnoid  space.     It 


contains  the  cerebro-spinat  fluid,  and  communicates  freely  through  certain  well- 
defined  apertures  with  the  ventricular  cavities  in  the  interior  of  the  brain.  Three 
of  these  (viz.  tlie  foramen  of  Majeodie  and  another  at  the  extremity  of  each  lateral 
recess)  are  in  connexion  with  the  fourth  ventricle ;  two  are  slit-like  openings  into 
the  lateral  ventricles,  and  are  placed  at  the  extremity  of  each  deBcendiug  horn. 

Within  the  cranium  the  subarachnoid  space  is  broken  up  by  a  meahwork  of  fine 
filaments  and  trabeculte,  which  connects  the  two  bounding  membranes  (viz.  the 
arachnoidea  and  the  pia  mater)  in  the  most  intimate  manner,  and  forms  a  delicate 
sponge-like  interlacement  between  them.  Where  the  arachnoidea  passes  over  the 
aunuuit  of  a  cerebral  convolution,  and  is  consequently  closely  apphed  to  the  sub- 
jacent pia  mater,  the  meshwork  is  so  dense  and  the  traheoulse  so  short  that  it  is 
hardly  possible  to  discriminate  between  the  two  membranes.  To  all  intents  and 
purposes  they  form  in  these  localities  one  lamina.  In  the  intervals  between  the 
rounded  margins  of  adjoining  convolutions,  however,  distinct  angular  spaces  exist, 
where  the  subarachnoid  trabecular  tissue  can  be  studied  to  great  advantage.  These 
intervals  on  the  surface  of  the  cerebrum  constitute  nvimerous  communicating 
channels  which  serve  for  the  free  passiige  of  the  subarachnoid  fluid  from  one  part  of 
the  brain  to  another.  The  larger  branches  of  the  arteries  and  veins  of  the  brain 
traverse  the  subarachnoid  space ;  their  walls  are  directly  connected  with  the  sub- 
arachnoid trabecule,  and  are  l>athed  by  subarachnoid  fluid. 

In  certain  situations  within  the  cranium  the  arachnoidea  is  separated  from  the 
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pia  mater  by  intervals  of  conaiderable  width  and  extent.  These  expanded  portioDB 
of  the  subarachnoid  space  are  termed  cistenuB  mbarachnoidalM.  In  these  the  sub- 
arachnoid tissue  is  much  reduced.  There  is  no  longer  a  close  meshwork ;  the 
trabeculfe  connecting  the  two  bounding  membranes  take  the  form  of  long  fila- 
mentous inteiBecting  threads  which  traveTse  the  spacea  All  the  subarachnoid 
cisterns  communicatfl  in  the  freest  manner  with  each  other  and  also  with  the 
narrow  channels  on  the  surface  of  the  cerebrum. 

Certain  of  these  cisterns  require  special  mention.  The  laig«et  and  most  con- 
spicuous is  the  dstema  magna.  It  is  formed  by  the  arachnoid  membrane  bri^ng 
over  the  wide  interval  between  the  back  part  of  the  under  surface  of  the  cerebellum 
and  the  medulla.  It  is  continuous  through  the  foramen  magnum  with  the  posterior 
part  of  the  wide  subarachnoid  space  of  the  cord. 

The  datflma  pontis  is  the  continuation  upwards  on  the  floor  of  the  cranium  of 
the  anterior  part  of  the  subarachnoid  space  of  the  spinal  cord.  In  the  r^ion  of 
the  medulla  it  is  continuous  behind  with  the  cistcma  magna,  so  that  this  sub- 
division of  the  brain,  like  the  spinal  cord,  is  surrounded  by  a  wide  subarachnoid 
space. 

In  front  of  the  pons  Varolii  the  arachnoidea  bridges  across  between  the  pro- 
jecting temporal  lobes,  and  covers  in  the  deep  hollow  in  this  r^on  of  the  brain. 
This  space  is  called  the  dstema  basalis,  and  within  it  are  placed  the  lai^e  arteries 
which  take  part  in  the  formation  of  the  circle  of  Willis.  Leading  out  from  the 
cisterna  basalis  there  are  certain  wide  subarachnoid  channels.  Two  of  these  are 
prolonged  into  the  Sylviau  fissures,  and  In  these  are  accommodated  the  middle 
cerebral  arteries.  Anteriorly  the  basal  cistern  passes  into  a  space  in  front  of  the 
optic  chiasma,  and  from  this  it  is  continued  into  the  great  longitudinal  fissure 
above  the  corpus  callosum.     In  this  subarachnoid  passage  the  anterior  cerebral 


The  spinal  part  of  the  subarachnoid  space  is  a  venf  wide  interval  which  is 
partially  subdivided  into  compartments  by  three  incomplete  septa.  One  of  these 
is  a  mesial  partition  called  the  septum  posticum,  which  connects  the  pia  mater 
covering  the  posterior  aspect  of  the  cord  with  the  arachnoid  mater.  In  the  upper 
part  of  the  cervical  region  the  septum  posticum  is  imperfect,  and  is  merely  repre- 
Diim  m»t*r  sented  by  some  strands  pass- 

ing between  the  two  mem- 
lanticuutuin  (jraues ;  in  the  lower  part  of 
the  cervical  region  and  io 
the  dorsal  r^on  it  becomes 
tolerably  complete.  The 
other  two  septa  are  formed 
by  the  ligamenta  denticalata 
1  nwwr  which  Spread  outwards  from 

either  side  of  the  spinal  cord. 
srior  nrrve-  These  will  be  described  wich 
(«"»)  the  pia  mater. 

-  ornerv..         pacchioiiiaii  Bodies 
'(fiw)"™'     (granulationes       aracli- 
noidales). — When    the  sur- 
,pi*nimu        face  of  the  dura   mater  is 
"     "  icui.tuiii        inspected  after  the  removsl 

gpi  of  the  calvaria,  a  number  cf 

small  fleshy-looking  excm<- 
*""'''"  cence,'*,  purplish-red  incoloiir, 

p«t«i«  are  seen  ranged  in  clustersOD 

Z\"°"^.  either  side  of  the  superior 

tic.  479.— HuiBHAifu  or  tbb  Spinal  Cobd,  and  tub  mode  or     i_„^j.,  j;„   i  „:  j  „i,„„ 

Orioi«  of  IBS  spniAL  Nmvm.  longitudinal  emus,  and  when 

this  sinus  is  opened  they  are 

also  observed  protruding  in  considerable  numbers  into  its  interior.     These  are  the 

Pacchionian  bodies,  and  they  are  also  found  in  smaller   numl)er  and  distinctly 

smaller  size  in  connexion  with  other  blood-sinuses,  such  as  the  lateral  sinus,  the 
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straight  sinus,  and  the  cavernous  sinus.  At  first  sight  they  appear  to  belong  to 
the  dura  mater,  but  in  reality  they  are  projections  from  the  arachooidea.  In  the 
child  they  are  exceedingly  small  and  rudimentary,  and  it  is  only  as  life  advances 
that  they  become  large  and  conspicuous. 

Each  Pacchionian  body  is  a  bulbous  protrusion  of  the  arachnoid  membrane. 
It  is  attached  to  the  araclinoidea  by  a  narrow  pedicle,  and  into  its  interior  is  pro- 
longed through  this  a  continuation  of  the  subarachnoid  space  and  its  characteristic 
meahwork.  The  Paccliionian  bodies  do  not  pierce  the  dura  mater.  As  they  push 
their  way  into  a  blood-sinus  they  carry  before  them  a  thin  covering  continuous 
with  the  sinus  wall.  On  either  side  of  the  superior  longitudinal  sinua  there  are  a 
number  of  irregular  spaces  in  the  dura  mater  which  communicate  with  the  sinus 
either  by  a  small  aperture  or  a  narrow  channel.  These  spaces  are  called  the 
puasinoiiUt  siatues  or  the  lacnnn  laterales,  and  certain  of  the  meningeal  veins  and 
some  of  the  diploic  veins  open  into  them.  Pacchionian  bodies  push  themselves 
into  the  parasinoidal  sinuses  from  below  in  such  a  manuer  that  they  i 


complete  covering  from  the  layer  of  dura  mater  which  forms  the  sinus  floor.  Nor  ' 
does  the  bone  escape.  As  the  Pacchionian  bodies  enlarge  they  cause  absorption 
of  the  cranial  wall,  and  small  pits  are  hollowed  out  on  its  deep  surface  for  their 
reception.  It  must  be  clearly  understood,  however,  that  in  such  cases  the 
Pacchionian  body  is  separated  from  the  bone  by  the  following : — (1)  A  con- 
tinuation round  the  Pacchionian  body  of  the  subdural  space  ;  (2)  t"he  thinned 
floor  of  the  parasinoidal  sinus;  (3)  the  lumen  of  the  sinus;  and  (4)  the  greatly 
thinned  upper  wall  of  the  sinus. 

The  Pacchionian  bodies  have  a  special  function  to  perform.  Through  them 
fluid  can  pass  from  the  subarachnoid  space  into  the  venous  sinuses  with  which  they 
stand  iu  connexion.  Whenever  the  pressure  of  blood  in  the  sinuses  is  lower  than 
that  of  the  fluid  in  the  subarachnoid  space  and  the  ventricles  of  the  brain,  the 
cerebro-spinal  fluid  filtrates  through  the  Pacchionian  bodies  into  the  blood-sinuses. 
This  is  not  the  only  way  that  subarachnoid  fluid  may  obtain  exit.  The  sub- 
arachnoid space  is  carried  outwards  for  a  short  distance  on  the  nerves  in  connexion 
with  their  arachnoidal  sheaths,  and  communicates  with  the  lymph  channels  of  the 
nervea  This  connexion  is  more  complete  in  the  case  of  the  olfactory,  the  optic, 
and  the  auditory  nerves,  than  iu  other  nerves.  A  very  free  communication  between 
the  subarachnoid  space  and  the  lymphatics  of  the  nasal  mucous  membrane  is  said 
to  exist. 

The  I'i\  Mater, 

The  pia  mater  forms  the  immediate  investment  of  the  brain  and  cord.  It  is  a 
delicate  and  very  vascular  membrane. 

Pia  mster  encepball — The  pia  mater  which  covers  the  brain  is  finer  and 
more  delicate  than  that  which  clothes  the  spinal  cord.  It  follows  closely  all  the 
intqualitiea  on  the  surface  of  the  brain,  and  in  the  case  of  the  cerebrum  it  dips 
into  each  sulcus  iu  the  form  of  a  fold  which  lines  it  completely.  On  the  cerebellum 
the  relation  is  not  so  intimate ;  it  is  only  into  the  lai^er  fissures  that  it  penetrates 
in  the  form  of  folds. 
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The  larger  blood-vessels  of  the  brain  lie  in  the  subarachnoid  space.  The  finer 
twigs  ramify  in  the  pia  mater  before  they  proceed  into  the  substance  of  the  brain. 
As  they  enter  they  caiTy  with  them  sheaths  derived  from  the  pia  mater.  When 
a  portion  of  the  membrane  is  raised  from  the  surface  of  the  encephalon,  numerous 
£oe  processes  are  withdrawn  from  the  cerebral  surface.  These  are  the  blood-vessels 
with  their  sheaths,  aod  they  give  the  deep  surface  of  the  pia  mater  a  rough  and 
flocciilent  appearance. 

As  the  pia  mater  is  carried  over  the  lower  part  of  the  roof  or  posterior  wall  of 
the  fourth  ventricle  of  the  brain  it  receives  the  name  of  the  tela  choroidea  inferior, 
and  it  is  in  connexion  with  this  portion  of  the  pia  mater  that  the  choroid  plexuses 
of  that  cavity  are  developed.  The  tela  choroidea  superior  or  velum  interpositum 
is  a  fofd  of  pia  mater  which  is  iuvaginated  into  the  brain,  so  that  it  comes  to  lie 
over  the  tliird  ventricle  and  project  in  the  shape  of  choroid  plexuses  into  the 
lateral  ventricles.     This  invagination  requires  special  notice. 

The  velum  interpositum  (tela  choroidea  superior)  is  a  double  layer  or  fold  of  pia 
mater  which  intervenes  between  the  body  of  the  fornix  which  lies  above  it  and  the 
epithelial  roof  of  the  third  ventricle,  and  the  two  optic  thalami  which  he  below  it. 
Between  its  two  layers  are  blood-vessels,  and  some  subarachnoidal  trabecular 
tissue.  In  shape  the  velum  interpositum  is  triangular,  and  the  narrow  anterior 
end  or  apex  reaches  forwards  as  far  as  the  foramina  of  Monro.     The  base  hes 

under  the  splenium  of  the  corpus 
oallosum,  and  here  the  two  layers 
on.us  of  the  velum  separate  and  become 

continuous  with  the  investing  pia 
V  mater  on  the  surface  of  the  brain 

Kidnm  by  passing  out  through   a  cleft 

iiiciaiu  called  the  transversa  fiasore. 

Along  each  lateral  margin  the 
velum   interpositum  ia   bordered 
by  the  choroid  plexus  of  the  body 
iiiiiwQffomii  Qf    j[jQ    lateral   ventricle,   which 
projects  into  theventricular  cavity 
Jimua  from    under    cover    of    the    free 

lateral  margin  of  the  fornix.  It 
-rpciium  should  be  borne  in  miud  that  the 
■lau  epithelial  lining  of  the  ventricle 

jeiMoi  gives  a  complete  covering  to  the 

nihoi.  choroid   plexus.     Posteriorly  the 

choroid  plexus  is  continuous  with 
the  similar  structure  in   the  de- 
scending  horn   of  the   ventricle, 
™i»  whilst  in  front  it  narrows  greatly, 

and  becomes  continuous  across  the 
mesial  plane  with  the  correspond- 
ing plexus  of  the  opposite  side, 
behind  the  epithehal  layer  which 
lines  the  foramen  of  Monro.  From 
Fig.  481.-D188ECT10N  TO  show  tb«  V.LUM  iNTEHPosiTLk,  jhig  median  junctiou  two  much 
AND  THE  Parts  in  iuhkdiate  Relation  to  it.  h        l        .  i     i  i     , 

smaller  choroid  plexuses  run  back- 
wards on  the  under  surface  of  the  velum  interpositum,  and  project  downwards  into 
the  third  ventricle.     These  are  the  choroid  plexuses  of  the  third  ventricle. 

The  most  conspicuous  blood-vessels  in  the  velum  interpositum  are  the  two 
veinB  of  Oalen,  which  run  backwards,  one  on  either  side  of  the  mesial  plane.  In 
front,  each  ia  formed  at  the  apex  of  the  fold  by  the  union  of  the  vein  of  the 
corpus  striatum  and  a  largo  vein  issuing  from  the  choroid  plexus ;  behind,  they 
unite  to  form  the  vena  macna  Oaleni,  and  this  pours  its  bl<H>d  into  the  anterior 
end  of  the  straight  ainus  {Fig.  477,  p.  598). 

The  continuous  cleft  in  the  brain  through  which  the  velum  interpositum  and 
the  choroid  plexuses  of  the  two  descending  horns  of  the  lateral  ventricles  are 
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introduced  into  the  interior  of  the  brain  is  sometimea  called  the  transrerse  flunn. 
It  consists  of  an  upper  intermediate  part  and  two  lateral  parts.  The  former 
passes  forwards  between  the  ,  ,    , 

t~-~"  I  jleral  ventricle 

corpus  calloBum  and  the 
fornix  above  and  the  roof  of 
the  third  veulricle  and  the 
optic  tbalami  below.  It  is 
limited  on  either  side  by 
the  epithelial  covering  of  the  ^ 
choroid  plexuses,  which  shuts 
out  these  structures  from 
the  cavity  of  the  lateral  ven- 
tricles. The  lateral  part  is 
the  choroidal  flamre.  This 
is  continuous  with  the  in- 
termediate part,  and  has  ' 
already  been  described  in 
connexion  with  the  descend- 
ing    horn    of    the    lateral  ^,„  „,_„,,„„„„„   ^,„„,,^    „„,„,  ,^,_,_„    ^^   „^„, 

ventricle  [p.  &70>  thaUmi,  and  the  parts  in  inimediate  relatiou  to  them.     Tbe  iuter- 

Pia     mater     spinalis. —  mediatA    part   of  tbe  great  tTajiaierse    fissure  holding   the  velum 

The  pia   mater  of    the   cord  i°t«;P<»;t^ni  '!k™?;"'?  .I»  the  manner  iu  which  thb  HMure  i. 

.        ,¥,  ■      J  i_  'li"'  "It  f™™  the  lateral  centriclea  hy  the  epithelium  which  covers 

IS  tnicker  and   denser  than        the  choroid  pUius  on  each  Bide. 
that  of  the  brain.     This  is 

lai^ly  due  to  the  addition  of  an  outside  fibrous  layer,  in  which  the  fibres  run 

chiefly  in  the  longitudinal  direction.     The  pia  mater  is  very  firmly  adherent  to 

the  surface  of  the  cord,  and  in  front  it  sends  a  fold  into  the  antero-median  fissure 

of  the  cord.     The  septum  which  occupies  the  postero-median  fissure  is   hkewise 

uuT-nuLter  firmly  attached  to  its  deep 

surface.      In    front   of   the 

nticuiatimi    ^utero  -  median     furrow    of 

the   cord   the   pia  mater  is 

thickened   in  the    form  of 

a     longitudinal     glistening 

band,     termed     the     Unea 

splendens,  which  runs  along 

"•'"■         the   whole    length    of    the 

cord,  and   blends  with   the 

iormrie-     filum  tetnunale  below.    The 

rtrenene-    blood  -  vessels  of  the  spinal 

cord    lie  between  the    two 

rtor^nwre-     j^y^j.^  ^f  j[jg  pj^  mater. 

The  uerves  which  leave 

nertuii.        both    the    brain   and    cord 

receive    closely  -  applied 

ap,„  sheaths  from  the  pia  mater. 

These  blend  with  the  con- 
*'***"i  nective-tissue  sheaths  of  the 

Fualntor  >  ueTVeS. 

The  ligamentom  denticn- 
Fiu.  483.— HiKSBANia  ot  ttut  SPiNai.  CoBD,  and  tbe  mude  oy      i_»_„    ;„    „     „»_„  ni,  « 

ORiaiK  OK  TB.  3PINAL  Uni^.  ^t«°»  IS   *    atroi'g,  hbrous 

baud  which  stretehcs  out 
like  a  wing  from  the  pia  mater  ou  either  side  of  the  spinal  cord,  so  as  te  connect 
the  pm  mater  with  the  dura  mater.  The  pial  or  inner  attachment  of  the  ligament 
extends  in  a  continuous  line  between  the  anterior  and  posterior  nerve-roots,  from 
the  level  of  the  foramen  magnum  above  to  the  level  of  the  first  lumbar  vertebra 
below.  Its  outer  margin  is  serrated  or  denticulated,  and  for  the  most  part  free. 
From  twenty  to  twenty-two  denticulations  may  be  recognised.  They  occur  in  the 
intervals  between  the  spinal  nerves,  and  pushing  the  arachnoid  before  them,  they 
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are  attached  by  their  pointed  ends  to  the  inner  surface  of  the  dura  mater.  The 
ligamenta  denticulata  partially  subdivide  the  wide  subarachnoid  space  in  the  spinal 
canal  into  an  anterior  and  a  posterior  compartment.  The  anterior  nerve-roots 
traverse  the  anterior  compartment,  whilst  the  posterior  nerve-roots  traverse  the 
posterior  compartment.  Further,  the  posterior  compartment  is  imperfectly  sub- 
divided into  a  right  and  a  left  lateral  part  by  the  septum  posticum. 

By  means  of  the  ligamenta  denticulata  the  spinal  cord  is  suspended  in  the 
middle  of  the  tube  of  dura  mater. 


THE   PERIPHERAL  NERVES  AND  THE  SYMPATHETIC 
NERVOUS  SYSTEM. 

By  A.  M.  Fatsrson. 

Abising  from  the  brain  and  spinal  cord  respectively,  the  cranial  and  spinal 
nerves  are  reeponBible,  collectively,  for  the  central  localisation  of  peripheral 
stimuli,  or  for  the  transmission  peripherally  of  central  impulaea  The  sense 
organs  and  the  somatic  regions  of  the  body  are  in  direct  communication  by 
the   nerves  with   the 

brain  and  spinal  cord.  pj.  imwt  ""' 

The  splanchnic  area,  Arachnow  ^^^^ 

and  the  viscera  which  i>uni  mat*! 

it  contains,  are  gov- 
erned by  nerves  con- 
nected with  thecentral 
nervous  system.     By 

means   of  the   sym-  mot 

pathetic  nervous  sys-  ■■"<* 

tem,  the  nerves  from  .mot 

the  cerebro-spinal  sys- 
tem are  directed  to 
their  several  destina- 
tions in  thesplanchnic 
area :  and  connexions 
are  effected  with  the 
■  roots  of  the  nerves  on 
the  one  hand,  and 
through  their  peri- 
pheral branches,  with 
the  somatic  region,  on 
the  other  hand. 

THE  SPINAL  "** 

NEEVES. 

TheBpinalnerveB  "^ 

are  arranged  in  pairs,  eotunot  primHj  piaiam 

of    which    there    are    '  as  vision 

usually      tldrty  -  one,   ■*"'"^'"'  SUK 
Each  nerve  arises  by 

f.wii    mots     from     thn       *'"'■  ^Sl.— Schbbe  of  the  Abhanobmbst  ok  thb  Hbmbha:(bb  of  thb 
two   roois    irom    ine  g,,,^^^  f,^^^  ^^^  ^^  j^^^^  ^^  ^^  ^^^^^  Nbhvw. 

spinal     cord,     which 

separately  pierce  the  dura  mater.  Enclosed  in  a  tubular  investment  of  this 
membrane,  the  nerve  emerges  from  the  spinal  canal  through  the  intervertebral 
foramen,  and  is  distributed  to  the  trunk  and  limbs  in  a  manner  to  be  described  below. 

The  nerves  are  designated  cervical,  thoracic,  Imnliar,  sacral,  and  coccygeal,  in  rela- 
tion to  the  vertebrse  between  which  they  emerge  from  the  spinal  canal.  Each  nerve 
appears  below  the  corresponding  vertebra,  except  the  first  of  the  cervical  series. 
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which  passes  out  of  the  spinal  canal  between  the  occipital  bone  and  the  atlas. 
There  are  thus  eight  cervical  nerves  (the  last  appearing  between  the  wsventh 
cervical  and  first  thoracic  vertebra)  ;  there  are  twelve  thoracic,  five  Iiimbar./i'e 
sacral,  and  one  coccygeal  nerve,  all  appearing  below  tlie  corresponding  vertebra'. 

The  thirty-first  nerve  is  oocaaionallj  absent ;  and  there 
are  sometimes  one  or  two  additional  pairs  of  minute 
filaments  below  the  thirty-first,  which,  however,  do  not 
emerge  from  the  spinal  canal.  These  are  rudimentan- 
caudal  nerves. 

The  size  of  the  spinal  nerves  varies  extremely.  The 
largest  are  those  which  take  part  in  the  formation  of  the 
great  nerve-trunks  for  the  supply  of  the  limbs  (lower 
cervical  and  first  thoracic,  and  lower  lumbar  and  upper 
sacral  nerves);  and  of  these  the  nerves  destined  for  ihe 
lower  limbs  are  tlie  larger.  The  coccygeal  nerve  is  the 
smallest  of  the  spinal  nerves;  the  thoracic  nerves  (eicept 
the  first)  are  much  more  slender  than  the  limb  nenes; 
and  the  cervical  nerves  diminish  in  size  from  below  up- 
wards. 

Or^pB  of  the  Spinal  Nerves. — Each  spinal 
nerve  is  attached  to  the  spinal  cord  by  two  roots, 
called  respectively  dorsal  (posterior)  and  ventral 
(anterior). 

The  dors&I  root  is  larger  than  the  ventral  root ; 
it  contains  a  larger  number  of  rootlets,  and  the  in- 
dividual rootlets  are  of  laiger  size  than  in  the  ventral 
root.  It  has  a  vertical  linear  attachment  to  the 
postero-lateral  sulcus  of  the  spinal  cord.  The  rootlets 
of  contignous  dorsal  roots  are  in  close  relation,  and,  in 
some  in.stances,  overlap.  The  dorsal  root  se^^rates  a? 
it  passes  away  from  the  cord  into  two  bundles,  both 
of  which  become  connected  with  the  inner  end  of  a 
spinal  gtmclion.  From  the  outer  end  of  this  ganghon 
the  dorsal  root  proceeds  to  its  junction  with  the 
ventral  root  in  the  intervertebral  foramen. 

The  apinaJ  ganglia  are  found  on  the  dorsal  roots 
of  all  the  spinal  nerves.  (In  the  case  of  the  first 
cervical  or  sub-occipital  nerve,  the  spinal  ganglion  may 
be  rudimentary  or  absent ;  and  the  dorsal  root  itself 
may  be  wanting,  or  derived  from  the  spinal  accessor)- 
ner\'e.)  They  occupy  the  intervertebral  foramina, 
except  in  the  case  of  the  sacral  and  coccygeal  nerves, 
the  ganglia  of  which  lie  within  the  vertebral  canal : 
and  the  first  and  second  cervical  nerves,  the  ganglia 
of  which  lie  upon  the  neural  arches  of  the  atlas  and 
axis  respectively.  With  the  exception  of  the  coccygeal 
ganglia  they  are  outside  the  cavity  of  the  dura  mater, 
but  are  invested  by  the  membrane.  The  gangha 
Fiu.  485.— Dlaohammatjc    Kbpri-  are  of  ovoid  form,  bifurcated  in  some  cases  at  their 

Sp'?i[ALNBH^"!vowJnrti?e%™  '°°«'"  «"<^^  "^^^y  """^'^  «f  unipoUr  nerve-cells, 
tioa  of  their  niutB  tad  gmngiis  WDOse  processes,  after  a  very  short  course,  divide  into 
reipecUvelrlnreliitiontoihi;  spiDsl  central  (root)  and  peripheral  (trunk)  fibres.  The 
HlirbiKj'u""r<,D\hTieft «*d"  ■"  central  fibres  form  the  portion  of  the  root  entering 
the  spinal  cord ;  the  peripheral  fibres  are  continued  in 
an  outward  direction  from  the  ganglion  into  the  spinal  nerve. 


Uy  _...  _ 

■t  ganglia.     Tliey  are  most  frequently  met  with  on  the  dorsal  roots  of  the  Inml'srsnii 
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The  ventral  root  is  smaller  than  the  dorsal  root  It  arises  from  the  anterior 
surface  of  the  spinal  cord  {anterior  root  zone)  by  means  of  scattered  bundles  of 
nerve-fibres,  which  occupy  a  greater  horizontal  area  and  are  more  irregular  in  their 
arrangement  tlian  the  fascicles  of  the  dorsal  root.  It  possesses  no  ganglion  in  its 
course.  The  rootlets  sometimes  overlap,  and  are  not  unfrequently  connected  with 
neighbouring  rootlets  above  and  below. 

The  dorsal  and  ventral  roots,  from  their  attachment  to  the  spinal  cord,  proceed 
outwards  in  tbe  spinal  canal  towards  the  intervertebral  foramina,  where  they 
unite  to  form  the  spinal  nerve.  The  direction  of  the  roots  of  the  tirst  two  nerves 
is  upwards  and  outwards ;  the  roots  of  the  remaining  nerves  course  obliquely 
downwards  and  outwards,  the  obliquity  gradually  increasing  until,  in  the  case  of 
the  lower  himbar,  the  sacral  and  coccygeal  nerve-roots,  tlieir  course  is  vertically 
downwards  in  the  spinal  canal,  Tbe  collection  of  nerve-roots  whicli  occupies 
the  lower  part  of  the  canal  below  the  first  lumbar  vertebra,  and  comprises  all  the 
nerve-roots  below  those  of  t)ie  first  lumbar  nerve,  is  designated  the  canda  equina. 

They   arise    from   the   lumbar  enlarge-  

ment  and  coDUs  medullaris,  and  sur- 
round the  filuni  terminale  of  the  spinal 
cord. 

Within  the  spinal  canal  the  nerve- 
roots  are  in  relation  with  the  meninges 
of  the  cord,  and  are  separated  from  one 
another  by  the  ligamentum  denti- 
culatum,  and,  in  the  neck,  by  the  spinal 
part  of  the  spinal  accessory  nerve.  Each 
receives  a  covering  of  pia  mater,  con- 
tinuous witi)  the  neurilemma ;  the 
arachnoid  invests  each  root  as  far  as 
the  point  where  it  meets  with  the  dura 
mater ;  and  each  root  pierces  the  dura 
muter  separately.  The  two  roots  are 
tliereafter  enclosed  in  a  single  tubular 
sheath  of  dura  mater,  in  which  is  included 
the  spinal  ganglion  of  the  dorsal  root. 
The  spinal  nerve  thus  formed  lies  in 
the  intervertebral  foramen,  except  in 
the  case  of  the  first  two  cervical  and 
the  sacral  and  coccygeal  nerves. 

DiviBions  of  a  Spinal  Nerve.— 
After  emerging  from  the  intervertebral 
foramen  the  nerve  immediately  divides 
into  two  primary  divisions,  named  respectively  the  posterior  and  anterior 
primary  divi^ons.  Just  before  its  division  each  nerve  gives  off  a  minute 
recorrent  branch,  which  re-enters  the  vertebral  canal  after  effecting  a  junction 
with  a  branch  from  the  sympathetic  cord,  and  is  distributed  to  the  spinal  cord 
and  its  membranes. 

The  posterior  and  anterior  primary  diviaiona  of  the  apiual  nerve  are  responsible 
for  the  innervation  of  tbe  skeletal  muscles  and  the  skin  covering  the  trunk 
and  limbs.  They  are  thus,  properly  speaking,  the  somatic  branches  of  the 
spinal  nerve. 

Id  relation  to  certain  of  the  nerv«s,  a  series  of  much  em aller  branches  exirt  which  are  conntcted 
with  the  sympathetic  syatem  (Fig.  486,  SI'),  in  a  way  lo  be  deucribed  later.  These  eonstitute  the 
white  rami  conununlcuitas,  and  may  be  CiTuied  the  visceral  divisionsof  the  spinal  lufrves.  Thuy 
are  derivt-d  frum  tlie  anterior  primarj-  divisions  of  the  nerves,  and  receive  their  fibres  iiiaiiilv 
from  the  ventral  roots,  though,  at.  least  in  the  case  of  certain  nerves,  From  the  dorsal  roots  as  well. 
These  nerves  are  directed  inwards  from  the  intervertebral  foramen  over  the  vertebnd  (.-olumn,  and, 
becotuing  connected  with  the  sympathetic  cord,  convey  spinal  fibres  to  the  organs  and  tissues  in 
tbe  splanchnic  area. 

The  posterior  and  anterior  primary  divisions  of  the  nerves  contain  tibres  from 
43 
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both  dorsal  and  ventral  roots.  Indeed,  each  root  can  be  seen,  on  removal  of  its 
sheath,  to  divide  into  two  portions,  of  which  one  portion  enters  into  the  formation 
of  the  posterior,  the  other  into  the  formation  of  the  anterior  primary  division. 
The  posterior  primary  divisions,  with  the  exception  of  the  first  two,  are  smaller 
than  the  anterior  primary  divisions ;  and  they  are,  generally  speaking,  responsible  for 
the  innervation  of  the  skin  and  muscles  of  the  back.  They  do  not  supply  the  muscles 
of  the  limbs;  although  in  their  cutaneous  distribution  they  are  prolonged  on  to 
the  back  of  the  head,  the  shoulder,  and  the  buttock.  They  form  two  smaU  plexuses 
— the  posterior  cervical  and  the  posterior  sacral  plexuses.  The  anterior  primary 
divisions  are,  with  the  exception  of  the  first  two  cervical  nerves,  much  larger  than 
the  posterior  primary  divisions.  They  supply  the  sides  and  fore-parts  of  the  body, 
the  limbs,  and  the  perineum.  For  the  most  part  they  have  a  complicated 
arrangement.  The  thoracic  or  intercostal  nerves  alone  have  a  simple  mode  of  dis- 
tribution ;  the  other  nerves  give  rise  to  the  three  great  plexuses — cervical,  brachial, 
and  Imnbo-sacral. 

Distribution  of  the  Spinal  Nerves. — The  distribution,  like  the  origin  of  the 
posterior  and  anterior  primary  divisions  of  the  spinal  nerves,  presents  primarily  and 
essentially  a  segmental  arrangement,  masked  and  in  some  cases  obliterated  by  develop- 
mental changes  which  have  occurred  in  the  parts  supplied.  In  no  region  can  a  single 
nerve  be  traced  to  a  complete  segment.  In  the  trunk  between  the  limbs  the  nearest 
approach  to  a  complete  girdle  is  formed  by  such  a  nerve  as  the  sixth  thoracic  nerve. 
In  its  cutaneous  distribution  it  forms  a  perfect  belt^  the  nerve  by  its  posterior  and 
anterior  primary  divisions  supplying  a  distinctly  segmental  area  from  the  middle  line 
of  the  trunk  behind  to  the  sternum  in  front.  Its  muscular  distribution,  also,  is 
almost  perfectly  segmental.  The  anterior  primary  division  supplies,  unaided,  the 
intercostal  muscles  of  the  segment  in  which  it  lies.  The  posterior  primary  division 
supplies  muscles  in  the  back,  not,  however,  in  a  strictly  segmental  manner,  on  account 
of  the  fact  that  the  segmental  myotomes  have  fused  together  in  the  back  to  give  rise 
to  complex  longitudinal  muscles,  which  are  together  supplied  by  the  series  of  muscular 
branches  derived  from  the  posterior  primary  divisions  of  contiguous  nerves.  In  other 
regions  greater  changes  cause  more  marked  deviations  from  a  simple  segmental  type  of 
distribution  and  give  rise  to  the  various  plexuses,  by  which  the  trunk,  and  more  particu- 
larly the  limbs,  are  innervated. 


POSTERIOR  PRIMARY  DIVISIONS  OF  THE  SPINAL  NERVES. 

The  posterior  primary  divisions  of  the  spinal  nerves  are  distributed  generally  to 
the  skin  of  the  back  of  the  trunk,  the  back  of  the  head,  the  shoulder  and  the 
buttock,  and  to  the  longitudinal  muscles  of  the  back,  but  not  to  the  muscles  of  the 
limbs. 

Each  posterior  primary  division  divides  as  a  rule  into  two  parts,  an  internal  and 
an  external  trunk  (Fig.  486,  p.  609).  In  the  upper  half  of  the  body  the  internal 
trunks  generally  supply  the  cutaneous  branches,  while  the  external  trunks  are 
purely  muscular  nerves.  In  the  lower  part  of  the  body  the  opposite  is  the  case : 
the  external  trunks  provide  the  cutaneous  nerves  and  the  internal  trunks  are 
distributed  entirely  to  muscles.  The  cutaneous  branches  have  a  different  course 
in  the  two  cases.  In  the  upper  half  of  the  back  they  course  inwards  and  hack- 
wards  beneath  and  among  the  muscles  to  within  a  short  distance  of  the  spinous 
processes  of  the  vertebrae,  close  to  which  they  become  superficial.  They  then 
extend  outwards  in  the  superficial  fascia.  In  the  lower  half  of  the  back  the 
cutaneous  nerves  are  directed  downwards  and  outwards  among  the  muscles,  and 
become  superficial  at  a  greater  distance  from  the  middle  line. 


CERVICAL  NERVES. 


CERVICAL  NEKVEy. 


First  Cervical  Nerve  fii.  sub-occipi- 
talis). — It  hafl  al 
thai  the  dorsal  i 
\»  rudinientiiry,  oi 
Its  posterior  prii 
than  the  aiiterio 
does  not  divide  in 
branches,  and  it  i 
any  ciitaueoaa  bn 

Passing  back' 
tween  the  occipitt 
arch  of  the  atlas, 
sub  -  occipital 
triangle,  and  is 
placed  below 
and  behind  the 
vertebral  artery, 
aud  under  cover 
of  the  com  plexus 
muscle.  It  sup- 
plies the  follow- 
ing braochea: — 

{»)  UoBcnlar 
branches  to  the 
complexuB,  recti 
capitis  poBtici, 
major  and  minor, 
and  obliqui, 
superior  and  iu- 
ferior. 

(c)  A  commu- 
nicatiiig  branch 
descends  to  join 
the  second  cervi- 
cal nf  rve. 

The  communi- 
i:ating  bmnch  may 


with  the  nerve  to 
the  obliquus  in- 
terior, and  reach 
the  seoud  ceri'ical 
nerve  by  piercing 
or  panin)*  over  or 
beneatL  the  obli- 
quus  inferior.  Or 
it  mav  ai-comiiaiiy 
the  nerve  to  tlie 
complexus,  and 
cotnmunicata  with 
th«  great  occipitAl 
nurve,  after  pierc- 
ing that  inusclc. 

KlG.    487.— TbB    DiSTHlBUTlON   OK   CUTANKOOfl   NkBVES   ON    IHK    B»CK    OF  TflK   ThUNK. 

Oil  0D«  side  the  distribution  of  tbe  several  nerves  Is  represented,  the  letters  iniiicating  Ifaeir  noineacluture. 

G.O  IC.2),  Great  occipiUI ;  C.3,  Least  occipiUt ;  T.I  ft  aeg..  Posterior  primary-  divislous  of  thoracic  iiervea  : 

L-i  <t  fij.,    Posterior  primary  divisions  of  Hrat  three  lumbar  nerves  ;  S.l  ((  ifq..   Posterior   pnmiirf 

'iivisiona  of  sacral  nerves  ;  Acr,  Acromial  branches  from  cervical  plexus ;  T.2-12,  LaMral  brancbu  of 

thoracic  uen'bi ;  Circ,  Cutaaeous  braucliex  of  circumflei  nerve ;  1^1,  Iliac  branch  of  ilio-bypogaetric 

nerve  ;  B.C,  Eileninl  cutaneous  nerve  ;  IS.S^,  Small  sciaric  nerve. 

On  the  other  side  s  scliematic  le presentation  ti given  of  the  areas  aupplied  Ijy  the  above  nentw,  the  nnmerals 

indicating  the  spinal  origin  of  the  branches  of  distribution  to  each  area. 
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Second  Cervical  Nerve. — The  posterior  primary  division  of  this  nerve  is 
larger  than  the  correeponding  anterior  primary  division.  It  passes  backwards 
between  the  atlas  and  axis,  and  in  the  interval  between  the  ohliquus  inferior 
and  the  aeraiapinalis  colli  muscles,  under  cover  of  the  complexue  muscle.  In  tbia 
situation  the  nerve  gives  off  several  small  muscular  and  communicating  branches. 
The  main  trunk,  after  piercing  the  complexus  and  trapezius  muscles,  accompanie'< 
the  occipital  artery  to  the  scalp  as  the  great  occipital  nerve  (n.  occipitalis  major). 
This  is  the  chief  cutaneous  nerve  for  the  back  part  of  the  scalp.  It  enters  the 
superficial  faacia  at  the  level  of  the  superior  curved  line  of  the  occipital  bone  and 
about  an  inch  from  the  external  occipital  protuberance.  Ramifying  over  the 
surface,  it  supplies  the  skin  of  the  scalp  as  far  as  the  vertex.     It  communicates  on 
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the  scalp  with  the  following  nerves :  great  auricular,  small  occipital,  posterior 
auricular,  and  least  occipital. 

The  moscolar  branches  of  the  second  cervical  nerve  are  destined  for  the  coin- 
plexus,  obliquua  inferior,  semisfjinalis  colli,  and  multifidus  spinas. 

Its  commnnicating  branches  form  the  posterior  cervical  plezua.  Descenditig  over 
the  posterior  arch  of  the  atlas  is  a  branch  from  the  aub-occipital  nerve  wliich  forms  a  loop 
or  nelwork  with  a  coirespouding  branch  of  the  second  nerve.  From  this  loop  twijrs  are 
supplied  to  the  aurroundin;^  muscles.  A  similar  loop  is  formed  by  a  coniniuuiciitioii 
between  brancbea  of  the  second  and  third  nerves,  troui  whicli  muBclos  are  also  supplied. 
Occasionally  an  additional  loop  is  formed  between  branches  of  the  third  and  fourth  ncrTi*. 

Third  Cervical  Nerve. — This  is  much  smaller  than  the  second  nerve.  Xe.ir 
its  origin  it  forms  a  loop  of  commimication  with  the  second,  and  it  may  give  nH' 
a  similar  communicating  branch  to  the  fourth  nerve.  The  main  trunk  divide? 
into  iuternal  cutaneous  and  external  muscular  branches.  The  external  niuM.'iilar 
branch  enters  contiguous  muscles  ;  the  internal  cutaneous  branch  {lasse*  backwanis 
and  inwards,  and  becomes  superficial  as  the  third  or  least  occipital  nerro  (n.  ficcipi- 
talis  minimus),  close  to  the  middle  line  of  tlie  neck.  It  supplies  fine  branches  t" 
the  neck  and  scalp,  and  coumiunicates  with  the  great  occipital  nerve. 
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The  fourth^  fifth,  and  sixth  cervical  nerves  are  still  smaller.  Beneath  the  com- 
plexus  each  divides  into  external  muscular  and  internal  cutaneous  branches.  The 
muscular  branches  supply  neighbouring  muscles ;  the  cutaneous  branches  are  small 
nerves,  which,  passing  backwards,  become  superficial  close  to  the  middle  line.  They 
supply  the  skin  of  the  back  of  the  neck.  The  sixth  is  the  smallest,  and  its  cutaneous 
branch  is  minute,  and  may  be  absent  altogether.  In  certain  cases  the  fourth  nerve 
forms,  with  the  third,  a  loop  of  communication  from  which  muscles  are  supplied. 

Seventh  and  Eighth  Cervical  Nerves. — These  are  the  smallest  of  the  posterior 
primary  divisions  of  the  cervical  nerves.  They  give  off  ordinarily  no  cutaneous 
branches,  and  end  in  the  deep  muscles  of  the  back. 

THORACIC  NERVES. 

The  posterior  primary  division  of  each  thoracic  nerve  divides  into  an  internal 
and  external  branch.  In  the  case  of  the  upper  six  thoracic  nerves  the  internal 
branches  are  chiefly  distributed  as  cutaneous  nerves, — only  giving  off  small  muscular 
branches — ^while  the  external  branches  are  wholly  muscular  in  their  distribution  ; 
in  the  case  of  the  lower  six  thoracic  nerves  the  opposite  is  the  case.  In  all  cases 
the  muscular  branches  serve  to  innervate  the  longitudinal  muscles  of  the  back. 
The  distribution  of  the  cutaneous  branches  is  different  in  the  upper  and  lower 
part  of  the  back.  The  upper  six  or  seven  thoracic  nerves  innervate  the  skin  of 
the  scapular  region.  The  internal  cutaneouB  branches,  after  passing  backwards  from 
their  origin  among  the  dorsal  muscles,  reach  the  surface  near  the  spines  of  the 
vertebrsB  and  are  directed  almost  horizontally  outwards  over  the  vertebral  border 
of  the  scapula.  The  first  is  small ;  the  second  is  very  large  and  reaches  to  the 
acromion  process.  The  rest  diminish  in  size,  jrom  above  downwards,  and  become 
more  and  more  oblique  in  direction.  The  external  cutaneous  branches  of  the  lower 
Jive  or  six  thoracic  nerves  are  directed  from  their  origin  obliquely  downwards  and 
outwards  among  the  parts  of  the  erector  spinse  muscle.  Becoming  cutaneous  by 
piercing  the  latissimus  dorsi  at  some  distance  from  the  middle  Kne,  they  supply 
the  skin  of  the  back  in  the  lower  part  of  the  chest  and  loin,  the  lowest  nerves 
(eleventh  and  twelfth)  reaching  over  the  ihac  crest  on  to  the  buttock.  The  lower 
nerves  often  subdivide  into  two  branches  before  or  after  their  emergence  from  the 
latissimus  dorsi  muscle. 

LUMBAR  NERVES. 

First  three  Lumbar  Nerves. — The  posterior  primary  divisions  of  the  first 
three  lumbar  nerves  subdivide  into  internal  and  external  branches,  in  the  same 
way  as  the  lower  thoracic  nerves.  The  internal  branches  are  muscular  and 
innervate  the  deep  muscles  of  the  back.  The  external  branches  are  chiefly 
cutaneous.  They  are  directed  obUquely  downwards  and  outwards  among  the 
fibres  of  the  erector  spinse  and  become  superficial  by  piercing  the  vertebral 
aponeurosis,  just  above  the  iliac  crest  and  a  short  distance  in  front  of  the  posterior 
ihac  spine.  They  are  then  directed  downwards  in  the  superficial  fascia  of  the 
buttock,  and  supply  a  lengthy  strip  of  skin,  extending  from  the  middle  line  above 
the  iliac  crest  to  a  point  below^  and  behind  the  great  trochanter  of  the  femur. 

The  fourth  and  fifth  liunbctr  nerves  (Uke  the  last  two  cervical  nerves)  usually 
supply  only  muscular  branches  to  the  longitudinal  muscles  of  the  back.  The  fifth 
nerve  in  many  cases  sends  a  minute  branch  to  form  a  loop  of  connexion  with  the 
posterior  primary  division  of  the  first  sacral  nerve* (posterior  sacral  plexus). 

SACRAL  AND  COCCYGEAL  NERVES. 

The  posterior  primary  divisions  of  the  sacral  nerves  issue  from  the  posterior 
sacral  foramina.  As  in  the  case  of  the  thoracic  and  lumbar  nerves,  the  upper 
sacral  nerves  differ  from  the  lower  in  their  distribution. 

The  first  three  sacral  nerves  supply  internal  muscular  branches  for  the 
multifidus  spinae,  and  external  cutaneous  branches  which  pierce  the  fibres  of  the 
sacro-sciatic  ligament  and  the  gluteus  maximus  muscle,  and  supply  the  skin  over 
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the  back  of  the  sacrum  and  contiguous  part  of  the  buttock,  giving  rise  to  the 
posterior  sacral  plexus. 

The  posterior  sacral  plexus  consists,  like  the  posterior  cervical  plexus,  of  looj>s 
or  plexiform  communications  over  the  back  of  the  sacrum  between  the  posterior  primary 
divisions  of  the  first  three  sacral  nerves,  to  which  are  frequently  joined  branches  of  the 
last  lumbar  nerve  and  fourth  sacral  nerve.  From  these  loops  branches  proceed  to 
supply  the  multifidus  spina;  muscle ;  others,  piercing  the  great  sacro-sciatic  ligament,  form 
secondary  loops  beneath  the  gluteus  maximus  muscle.  From  the  secondary  loops,  two  or 
more  cutaneous  branches  arise,  which,  after  traversing  the  muscle,  supply  the  skin  over 
the  sacrum  and  inner  part  of  the  buttock. 

Posterior  Saoro-coccygeal  Nerve. — The  posterior  divisions  of  the  fourth  and 
fifth  sacral  nerves  do  not  divide  into  internal  and  external  branchea  They  unite 
together  to  form  a  cord  which,  descending  behind  the  coccyx,  receives  the  minute 
posterior  primary  division  of  the  coccygeal  nerve.  The  union  of  the  three  nerves 
constitutes  the  posterior  sacro-coccygeal  nerve,  which,  after  perforating  the  sacro- 
sciatic  ligament,  is  distributed  to  the  skin  in  the  neighbourhood  of  the  coccyx.  It 
supplies  no  muscles.  This  nerve  is  the  representative  of  the  superior  caudal  trunk 
of  tailed  animals. 

Morphology  of  the  Posterior  Primary  Divisions. 

There  are  several  points  of  morphological  interest  in  relation  to  the  posterior  primary 
divisions  of  the  spinal  nerves. 

1.  Muscular  Distribution. — In  their  muscular  distribution  they  are  strictly  limited  tx>  the 
longitudinal  muscles  of  the  back :  namely,  those  associated  with  the  axial  skeleton  alone. 

2.  Cutaneous  Distribution. — Their  cutaneous  distribution  represents  two  points  of  interest 

A.  In  the  first  place,  while  the  skin  of  the  back  is  supplied  in  a  regulariy  segmental  manner 
by  the  several  nerves,  certain  of  them  fail  to  reach  the  surface  at  alL  The  absence  of  a  cutaneous 
branch  from  the  sub-occipital  nerve  may  be  due  either  to  the  absence  of  a  perfect  dorsal  root,  or 
to  its  communication  witn  the  second  nerve.  The  other  nerves,  which  do  not  usually  supply  the 
skin,  are  the  seventh  and  eighth  cervical,  and  the  fourth  and  fifth  lumbar  nerves.  These  nerves 
are  placed  in  the  centre  of  regions  in  which  the  upper  and  lower  limbs  are  developed.  They  are 
minute  nerves,  while  the  corresponding  anterior  primary  divisions  are  among  the  largest  of  the 
spinal  nerves.  Thus,  opposite  the  centre  of  each  limb,  posteriorly,  there  is  a  hiatus  iu  the 
segmental  distribution  of  the  posterior  primary  divisions  of  the  spinal  nerves  to  the  skin  of  the 
shoulder  and  buttock,  attributable  to  the  formation  of  the  limbs,  and  the  extension  into 
them  of  the  greater  part  of  the  nerves  of  the  region.  This  gap,  in  the  case  of  the  upper  limb, 
commences  at  the  level  of  the  vertebra  prominens  ;  in  the  case  of  the  lower  limb  it  commences 
opposite  the  level  of  the  posterior  superior  iliac  spine.  It  can  be  continued  on  to  each  limb  as 
a  hypothetical  area  (the  dorsal  axial  line),  which  indicates  the  area  of  contact  (and  overlapping) 
of  cutaneous  nerves  not  in  strictly  numerical  sequence.  Thus,  in  the  region  of  the  shoulder,  the 
sixth  (or  fifth)  cervical  nerve  innervates  an  area  of  skin  adjoining  that  supplied  by  the  first 
thoracic  nerve ;  in  the  region  of  the  buttock  the  third  lumbar  nerve  supplies  an  area  contiguous 
with  that  sup])lied  by  the  first  sacral  nerva 

B.  The  cutaneous  branches  of  the  posterior  primary  divisions  of  the  spinal  nerves  differ  fnmi 
the  muscular  branches  in  respect  of  their  penetration  into  re^ons  beyond  those  supplietl  by 
their  motor  roots.  The  cutaneous  branche-s,  in  regions  where  outgrowths  or  extensions  from  the 
trunk  have  occurred,  follow  these  extensions ;  and,  in  consequence,  supply  skin  covering  parts 
which  do  not  belong  to  segments  represented  by  the  nerves  in  question.  Thus  the  second  and 
third  cervical  nerves  (great  and  least  occipital)  are  drawn  upwaids  so  as  to  supply  the  posterior 
part  of  the  scalp  ;  the  upper  thoracic  nerves  are  drawn  outwards  over  the  scapular  region ;  the 
upper  lumbar  and  sacral  nerves  supply  the  skin  of  the  buttock ;  and  the  sacro-coccygeal  nerve 
forms  a  rudimentary  caudal  nerve, 

3.  Plexuses. — The  plexuses  formed  by  the  posterior  primary  divisions  of  the  upper 
cervical  and  upper  sacral  nerves  are  the  simplest  met  with  in  the  human  body.  The  posterior 
cervical  plexus  is  one  from  which  muscular  branches  are  supplied  ;  the  posterior  sacral  nlexus  is 
mainly  concerned  in  producing  cutaneous  offsets.  In  the  case  of  the  posterior  cervical  plexus 
the  loops  of  communication  between  the  first  three  or  four  cervical  nerves  result  in  the  formation 
of  a  series  of  nerves  for  the  supply  of  the  semispinalis,  complexus,  and  other  muscles,  which 
bring  into  contact  with  these  muscles,  simultaneously,  a  considerable  area  of  the  spinal  cord,  and 
provide  a  combined  and  simultaneous  innervation  for  the  several  parts  of  each  muscle.  In  the  ca^- 
of  the  posterior  sacral  plexus,  the  formation  of  loops  between  the  nerves  results  in  the  innen-a- 
tion  of  any  given  spot  in  the  cutaneous  area  supplied  from  these  loops  by  more  than  one  spinal 
nerve.  As  nas  been  said  already,  the  cutaneous  nerves,  even  without  the  formation  of  plexuses, 
overlap  in  their  cutaneous  distribution.  The  formation  of  a  plexus  causes  a  more  intimate 
union  of  neighbouring  spinal  nerves,  so  that  stimulation  of  the  surface  affects  a  wider  area  in 
the  spinal  cord  than  if  tlie  nerves  passed  separately  to  it  from  the  surface.  While  segmentation 
becomes  less  obvious,  increased  co-ordination  is  effected  both  of  movement  and  sensation. 
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ANTERIOR  PRIMARY  DIVISIONS  OF  THE   SPINAL   NERVES. 

The  anterior  prim- 
ary divisions  of  the 
spinal  nerves,  are,  with 
the  exception  of  the 
first  two  cervical 
nerves,  much  larger 
than  the  corresponding 
posterior  primary  divi- 
sions. Composed  of 
elements  of  both  dorsal 
and  ventral  roots,  each 
nerve  separates  from 
the  posterior  primary 
division  on  emerging 
from  the  intervertebral 
foramen,  and,  proceed- 
ing outwards,  is  dis- 
tributed to  structures 
on  the  lateral  and 
anterior  aspects  of  the 
body, — including  the 
limba 

Each  nerve  is  joined 
near  its  origin  by  a 
gray  ramns  communi- 
cans  from  the  sym- 
pathetic gangliated 
cord ;  and  in  the  case 
of  certain  thoracic, 
lumbar,  and  sacral 
nerves,  the  anterior 
primary  division  gives 
off  a  delicate  bundle 
of  fibres,  which  forms 
the  white  ramus  com- 
mimicanB  of  the  sym- 
pathetic cord.  That 
part  of  the  spinal  nerve 
which  is  distributed  to 
the  Ixxiy  wall  and  limbs 
may  be  termed  somatic; 
the  small  white  ramus 
communicans,  in- 
nervating the  struc- 
tures in  the  splanchnic 
area,  may  be  termed  the 
▼isceral  or  splanchnic 
part  of  thespinal  nerve. 


OF 


Fio.  489. — Thk  Distribution  of  Cdtanbous  Nerves  on  the  Front 

THE  Trunk. 

Ine  anterior  prim-    On  one  sule  the  distribution  of  the  several  nerves  is  represented,  the  letters 
ary    divisions     of    the  indicating  their  nomenclature. 

spinal  nerves  are  only,    G.A,    Great  auricular  nerve  ;   S.C,  Superficial  cervical  nerve  ;    S.Cl,   Supra- 

clavicalar  nerves  ;  AcR,  Acromial ;  Cl,  Clavicular  ;  St,  Sternal ;  T.2-12, 
Lateral  and  anterior  branches  of  thoracic  nerves ;  I.H,  llio-hypogastric  nerve  ;  I.I,  Ilio-inguinal  nerve ;  CiRC, 
Cutaneous  branch  of  circumflex  nerve  ;  Ii.I.C,  Lesser  internal  cutaneous  nerve  ;  LH,  Intercosto- humeral ;  IX\ 
Internal  cutaneous  ;  M.S.  Cutaneous  branch  of  musculo-spiral  nerve  ;  E.C,  External  cutaneous  nerves ;  G.C« 
Genito-crural  nerve  ;  M,C* ',  Middle  cutaneous  nerves ;  I.C^,  Branch  of  internal  cutaneous  nerve ;  P,  Branches 
of  pudic  nerve  ;  S.Sc,  Branches  of  small  sciatic  nerve. 

On  the  other  side  a  schematic  representation  is  given  of  the  areas  supplied  by  the  above  nerves,  the  numerals 
indicating  the  spinal  origin  of  the  branches  of  distribution  to  each  area. 


616 


THE  NERVOUS  SYSTEM. 


ID  certaiu  cases,  distributed  in  a  regular  segmental  maaner.  Except  in  the  case  of 
the  thoracic  nerves,  the  anterior  primary  divisions  combine  to  furm  the  three  great 
plexuses — cervical,  brachial,  and  lumbo-sacral — and  their  arrangement  and  distribu- 
tion is  rendered  exceedingly  complex. 

A  thoracic  nerve,  such  as  the  fifth  or  sixth,  may  be  regarded  as  a  type  to 

illustrate  the  mode 
of  distribution  of 
the  an  terior  primary 
divisions  of  the 
spinal  nerves  (Fig. 
486,  p.  609).  it 
occupies  an  inter- 
costal space ;  near 
its  originit  pousesses 
gray  and  while  ratm 
communicantes ;  it 
courses  through  the 
interval  between  the 
intercostal  muscles : 
it  supplies  branches 
to  these  musoles 
and  gives  off,  wht'D 
it  reaches  the  side 
of  the  chest,a  laternl 
branch,  which,  after 
supplying  small 
muscular  branches, 
pierces  the  exti^rna] 
intercostal  muscle, 
and  is  distributed 
to  an  area  of  slfin 
over  the  lateral  part 
of  the  trunk,  con- 
tiguous dorsally 
with  a  similar  area, 
innervated  by  the 
""  cutaneous  branches 
/»j-  sr.  ce  of      the      posterior 

-Thb  Cmvic*l  Plmls.  primary  division  of 

the  same  nerve. 
The  lateral  branch 
general  ly  su  bdi  vides 
into  a  smaller  -pos- 
terior  and  a  larj^er 
anterior  truTiJc.as  it 
pierces  the  musclt^ 
clothing  the  wall  of 


PiQ.  480.- 
Superflcutl  DivisloD. 

Ascending  branches  (Asc.) — 


Internal  branches — 

Hjr.  HyiogloMat. 

Va.  Vagus. 

Sf.  Synipalhetic  gi 

D.Cerv.  rv-scendeDS  eer 


C).      Clavicular. 

Deep  Divlaiou. 
Eitemal  braoclieB — 
(Jommnaicatiug  (C.)  b 


e  (Sl^  A 


M'.         LongDS   colli,   and    rectus    the  ch^t.      The  H 
terior  primary  divi- 
sion  of    the   nerve 
then     pursues 


i  stapuliP. 


Sc.A.  Scalenua  anticua. 
Plir.         Phrtiiio  nerve. 

O.Hy.  Nerve  to  genia-l>)'oid. 

Th.Hj-.  \erve  lo  thyrohyoid. 

D.Hy.  DeMcniieiis  hypoglosai. 

Anw.  Anna  hypo^loaai. 

S.Th.  Nerve  to  atemo-lhyroid. 

3.  Hy.  N'erve  to  sterno-hyoid. 


le  obliquely  for- 
warils  to  the  side  <if 
the  sl«rnum,  where, 
after  piercing  the 
pectoral  muscles,  it 

apjw'ars  superficially  as  the  dHieWor  terminol  cutaneous  branch.  This  supplies  an  ari'a 
of  .'4kin  continuous  with  that  supplied  by  the  anterior  part  of  the  lateral  branch  nf 
the  siimc  nerve.     Such  a  nerve  thus  supplies,  by  means  of  its  lateral  and  anterior 
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branches,  an  area  of  skin  which  (with  the  area  supplied  by  the  cutaneous  branch 
of  its  posterior  primary  division)  forms  a  continuous  and  uninterrupted  belt, 
extending  from  the  middle  line  behind  to  the  middle  line  in  front.  The  lateral 
and  anterior  branches  of  the  nerve  innervate  in  their  course  the  intercostal  and  other 
muscles,  to  be  afterwards  mentioned  in  detail. 

CERVICAL  NERVES. 

The  anterior  primary  divisions  of  the  cervical  nerves,  together  with  parts  of  the 
first  and  second  thoracic  nerves,  are  distributed  to  the  head,  neck,  and  upper 
extremity.  The  first  four  cervical  nerves,  by  means  of  the  cervical  plexus,  innervate 
the  neck;  the  last  four  cervical  nerves,  together  with  a  large  part  of  the  first 
thoracic  nerve,  through  the  brachial  plexus,  supply  the  upper  limb.  The  second 
thoracic  nerve  may  contribute  a  trunk  to  this  plexus,  and  always  assists  in  the 
innervation  of  the  arm. 

THE  CERVICAL   PLEXUS. 

The  anterior  primary  divisions  of  the  first  four  cervical  nerves  are  concerned 
in  forming  the  cervical  plexus.  Each  nerve  emerges  from  the  spinal  canal  behind 
the  vertebral  artery.  Each  is  joined  on  its  emergence  from  the  intervertebral 
foramen,  at  the  side  of  the  vertebral  column,  by  a  gray  ramus  communicans  from  the 
superior  cervical  ganglion  of  the  sympathetic.  In  the  neck  the  cervical  nerves  are 
concealed  by  the  sterno-mastoid  muscle;  in  front  lies  the  rectus  capitis  anticus 
major,  and. behind  are  the  scalenus  medius,  and  (behind  the  first  or  sub-occipital 
nerve)  the  rectus  capitis  lateralis.  The  cervical  plexus  is  constituted  by  the  com- 
bination of  these  nerves  in  an  irregular  series  of  loops  under  cover  of  the  sterno- 
mastoid  muscle. 

From  these  loops  the  branches  of  distribution  arise,  as  (a)  cutaneous  branches  to 
the  head,  neck,  and  shoulder ;  (6)  muscular  branches  to  the  muscles  of  the  neck  and 
the  diaphragm;  and  (c)  communicating  branches  to  the  vagus,  spinal  accessory, 
hj-poglossal,  and  sympathetic  nerves. 

For  convenience  of  description,  the  nerves  derived  from  the  plexus  may  be 
classified  as  follows : — 

I.  Superficial  (cutaneous)  Branches — 

A.  Ascending  Branches  (C.  2,  3).  B.  Descending  (supra-clavicular)  Branches  (C.  3,  4). 
Small  occipital,  Acromial, 

Great  auricular,  Clavicular, 

Superficial  cervical.  Sternal. 

II.  Deep  (muscular  and  communicating)  Branches — 

A.  External  Branches.  6.  Internal  Branches. 

1.  Muscular  branches  to  1.     Muscular  to 

Sterno-mastoid  (C.  2),  Prevertebral  muscles  (C.  1,  2,  3,  4), 

Trapezius  (C.  3,  4),  Infra-hjoid  muscles  (C.  1,  2,  3) 
Levator  anguli  scapulce  (C.  3,  4),  (ansa  hypoglossi), 

Scaleni  (medius  and  posticus)  (C.  3,  4).  Diaphragm  (C.  3,  4)  (phrenic 

2.  Communicating  branches  to  nerve). 

Spinal  accessory  nerve  (C.  2,  3,  4).  2.  Communicating  branches  to 

Vagus  nerve  (C.  1,  2), 
Hypoglossal  nerve  (C.  1,  2), 
C.  Hypoglossi  (C.  2,  3), 
Sympathetic  (C.  1,  2,  3,  4). 

The  second,  third,  and  fourth  cervical  nerves  are  the  chief  nerves  engaged  in 
forming  the  plexus.  The  first  cervical  nerve  only  enters  into  the  formation  of  a 
small  part — the  internal  portion  of  the  deep  part  of  the  plexus. 

Superficial  Cutaneous  Branches. — These  nerves,  six  in  number,  are  entirely 
cutaneous.     They  radiate  from  the  plexus,  and  appear  in  the  posterior  triangle  of 
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the  neck  at  the  pceterior  border  of  the  stemo-maatoid  muscle.     They  are  divisible 

into  two  series,  the  one  ascending :  small  occipital,  great  auricular,  and  superficial 

cervical ;  the  other  descending  (supra-cluvicular) :  sternal,  clavicular,  and  acromial. 

Ascending  Branches. — The  small  occipital  nerve  (n.  occipitalis  minor)  is  variable 

in  size  and  is  soiaelimes  double.     Its  origin  is  from  the  second  and  third  cervical 

nerves  (more  rarely  from  the  second  only).     It  extends  backwards  beneath  the 

sterno-mastoid,  and  then  upwards  along  its  posterior  border.     Piercing  the  deep 

fascia  near  the  apex  of  the  posterior  triangle,  it  divides  into  anricnUr,  mastoid,  and 

occipital  branches,  and  supplies  small 

cervical  branches   to   the  upper  part 

of  the  neck.     Tlie  auricular   branch 

supplies  the  skin  of  the  deep  surface 

of  the  pinna;  the  mastoid  andoccipital 

branches  supply  the  scalp.    The  nerve 

communicates  on  the  scalp  with  the 

great   occipital   and   great   auricular 

nerves, and  with  the  posterior  auricular 

branch  of  the  facial  nerve. 

The  great  aoiicidar  nerve  (n.  auri- 
cularis  magnus)  ia  the  largest  of  the 
cutaneous  brauchea  It  arises  from 
the  second  and  third  cervical  nerves 
((tr,  more  rarely,  from  the  third  alone). 
Winding  round  the  posterior  border 
ofthe  sterno-mastoid  muscle,  it  courses 
vertically  upwards  towards  the  ear 
In  this  course  it  crosses  the  sterno- 
mastoid  muscle  obliquely  and  is 
covered  by  the  platysma  myoidea. 
Before  arriving  at  the  ear  it  subdivides 
into  mastoid,  auricular,  and  facial 
branches.  The  mastoid  tnunches  ascend 
over  the  mastoid  process  and  supply 
the  skin  of  the  scalp  l>ehind  the  ear. 
'  1\  communicating   with    the   small   oc- 

cipital and  posterior  auricular  nerves. 
Fia.  491.— DisTHiBUTioH  OF  CoTANKous  N'EHVEs  TO       ^he  anricolaf  branches  ascend  to  the 
THE  Head  and  Neck.  ear  and  supply  the  lower  part  of  the 

Ophth,  Ophtlialniic  .iivisioii  of  the  fifth  norvo  ;  8.T,  Supra-    pinna    On    both    aSpBCtS  ;    they    COUi- 
trochiear  hmnoh ;  s.o,  Supra-orhiiai  branch;  i.T,   muuicato  with  the  Same  nerves.     The 

E.ter,.al  nasal  branch  ;  Sop-Mai,  Superior  maxillary  "f^  branches,  paSSmg  OVer  the  angk 
division  ;  T,  Temporal  braocli ;  M,  Malar  branch  ;  of  the  jaW  and  through  the  SuhstHIlCe 
I.O.  Infra-orblUI  branch  ;  Inf.  Mai,  Inferior  maiUlary    of   the  patotid  gland,  Supply  the  skin 

'^Z'«:l.^SfCSr^.tCLir£  °f  'f"  «"»!<  over  the  W  par.  .f 

second  and  thirxl  cervical  nerves  ;  G.O.  Great  occipital  the  masseter  niUSCle  and  tile  parotlU 
narvB;     9.0,    Small    occipital    nerve;     Q.A,    Great    gland.  They       communicate       with 

•ir"t;;S\';S.fr?«."S„r;i.';5  bra„ol».   of  ,he  faci.l  ne™  in  the 

divisions  of  4tli,  6lh,  and  Bth  cervical  uan'es.  parotid  gland. 

The  sapeiflcial  ceirical  nuve  {ii. 

cutaneus  colli)  arises  from  the  second  and  third  cervical  nerves.  It  winds  round 
the  posterior  border  of  the  sterno-mastoid  muscle,  and  crosses  the  muscle  to  reach 
the  anterior  triangle,  under  cover  of  the  platysma  myoides  muscle  and  the  external 
jugular  vein.  It  divides  near  the  anterior  edge  of  the  sterno-mastoid  muscle  into 
upper  and  lower  branches,  which  are  distributed  through  the  platysma  myoidea  to 
the  skin  covering  the  anterior  triangle  of  the  neck.  The  upper  branches  com- 
municate freely  beneath  the  platysma  myoides  with  the  infra-mandibular  branch  of 
the  facial  nerve. 

Descending  (aupra-olavioular)  Branches.— By  the  union  of  two  roots  derived 
from  the  third  and  fourth  cervical  nerves  a  considerable  trunk  is  formed,  which 
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finerges  from  under  cover  of  the  Btemo-mastoid  muscle  and  exteoda  (»bliq»iely 
dDwnwards  through  the  lower  part  of  the  posterior  triangle  of  the  neck.  It  sub- 
divides into  radiating  branches — Btenutl,  clavicular,  and  acromial — which  pierce  the 
deep  fascia  of  the  neck  above  the  clavicle,  and  are  distributed  to  the  skin  of  the 
lower  part  of  the  side  of  the  neck,  the  front  of  the  cheat,  and  the  shoulder.  The 
Btenial  Inaiiches  (rami  siipra-sternalea)  are  the  smallest.  Passing  over  the  inner 
end  of  the  clavicle,  they  supply  the  akin  of  the  neck  and  chest  as  far  down  as 
the  man u brio-sternal  joint.  The  clavicular  toauches  (rr.  supra-claviculares)  pass 
over  the  middle  third  of  the  clavicle,  beneath  the  platysma,  and  can  be  traced 


Fm.  4B2.— The  Trianoles  Of  the  Neck  (NerveaJ. 

as  low  aa  the  nipple.  The  acromial  branches  {rr.  sui)ra-acromiales)  pass  over  or 
through  the  insertion  of  the  trapezius  muscle,  and  over  the  outer  third  of  the 
clavicle,  to  the  shoulder,  where  they  supply  the  skin  as  far  down  aa  the  lower  third 
of  the  deltoid  muscle. 

Deep  Branches. — The  deep  branches  of  the  cervical  plexus  are  naturallj- 
eeparated  into  an  external  and  an  internal  set  by  their  relation  to  the  sterno-mastoid 
niuBcle.  Beneath  the  muscle,  the  external  branches  are  directed  outwarda  towards 
the  posterior  triangle,  the  internal  branches  inwards  towards  the  anterior  triangle. 

The  external  branches  consist  of  muscular  and  communicating  nerves,  which 
for  the  most  part  occupy  the  posterior  triangle. 

The  mnsenlar  branches  are  the  following :  (1)  To  the  stri-no-inastoid,  {mm  the 
second  cervical  nerve.     This  enters  the  muscle  on  its  deep  surface  and  communicates 
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with  the  spinal  accessory  nerve.  (2)  To  the  trapezius,  from  the  third  and  fourth 
cervical  nerves.  These  nerves  cross  the  posterior  triangle  and  end  in  the  trapezius, 
after  having  communicated  with  the  spinal  accessory  nerve,  in  the  posterior  triangle, 
and  beneath  the  muscle.  (3)  To  the  levator  anguli  scapula;,  from  the  third  and 
fourth  cervical  nerves.  Two  independent  branches  enter  the  outer  surface  of  the 
muscle  in  the  posterior  triangle.  (4)  To  the  scaleni  (medius  and  posticus),  from 
the  third  and  fourth  cervical  nerves. 

The  conununicatlng  branches,  already  mentioned,  are  three  in  number.     They 

HYPOQUHBAL  KEBIE        VaOCB  KHIVII 

RrcnmDt  branch  I      Snpeiiorcenicil  gingUon  ortneiympdnMlo 


Fin.  493.— Tub  Muscleh  of  thk  Htoid  Bone  and  Sttloid  Process,  and  the  Bithinbic   Mcscus  or 

TUB   TONQUB,    WITH   THBIB    NBBVIB. 

join  the  spinal  accessory  nerve  in  three  situations : — («)  A  branch  from  the  second 
cervical  nerve  to  the  stemo-maatoid  joins  the  spinal  accessory  nerve  beneath  that 
muscle,  (b)  Branches  to  the  trapezius  from  the  third  and  fourth  nerves  are  con- 
nected with  the  spinal  accessory  nerve  in  the  posterior  triangle,  (c)  Bisnchee  from 
the  same  nerves  join  the  spinal  accessoTj  nerve  beneath  the  trapezius  muscle. 

The  internal  branobes  of  the  plexus  also  comprise  muscular  and  communi- 
cating branches.  The  first  cervical  nerve  assists  in  the  formation  of  this  aeries  of 
nerves,  forming  a  slender  loop  with  part  of  the  second  nerve  in  front  of  the  trans- 
verse process  of  the  atlas. 

Communicating  Branches,  (a)  With  the  sympalhetif. — Gray  rami  communi- 
cantes  pass  to  each  of  the  first  tour  cervical  nerves,  near  their  origins,  from  tlie 
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superior  cervical  ganglion  or  from  the  cord  below  the  ganglion.  (6)  With  the 
pneumogastric  nerve. — The  ganglion  of  the  trunk  of  the  pneumogaatric  nerve  may 
l)e  connected  by  a  slender  nerve  with  the  loop  between  the  first  two  cervical  nerves. 
Thifi  communication  is  not  constant,  (c)  With  the  hypoglossal, — ^An  important 
communication  occurs  between  the  hypoglossal  nerve  and  the  loop  between  the  first 
and  second  cervical  nerves  (Fig.  493).  A  trunk  from  the  last-named  nerves  joins  the 
hypoglossal  just  beyond  its  exit  from  the  skull.  One  fine  branch  from  this  trunk 
passes  upwards  along  the  hypoglossal  nerve  towards  the  skull  {meningeal  branch). 
The  main  part  of  the  trunk  accompanies  the  hypoglossal  and  separates  from  it  succes- 
sively in  three  nerves— the  descendens  hypoglossi,  and  the  nerves  to  the  thsrro-hyoid 
and  genio-hyoid  muscles.  The  portion  of  the  nerve  which  remains  accompanies  the 
hypoglossal  to  the  muscles  of  the  tongue.  It  is  probable  that  no  part  of  the  hypo- 
glossal nerve  itself  is  concerned  in  the  formation  of  these  three  branches.  The 
descending  branch  of  the  hypoglossal  (r.  descendens  hypoglossi)  descends  in  front  of 
the  common  carotid  artery,  and  is  joined  in  the  anterior  triangle  of  the  neck  by 
the  descending  cervical  nerve,  to  form  the  ansa  hypoglossi,  from  which  the  infra- 
hyoid muscles  are  innervated.  (The  descending  branch  of  the  hypoglossal,  in  some 
cases,  arises  from  the  pneumogastric  nerve.) 

Muflcular  Branches. — The  muscles  supplied  by  the  internal  branches  of  the 
plexus  are  the  prevertebral  muscles,  the  genio-hyoid  and  infra-hyoid  muscles,  and 
the  diaphragm. 

(a)  Prevertebral  Muscles. — 1.  From  the  loop  between  the  first  and  second 
cervical  nerves  a  small  branch  arises,  for  the  supply  of  the  rectus  capitis  lateralis 
and  the  recti  capitis  antici  (major  and  minor).  2.  From  the  second,  third,  and 
fourth  nerves  small  branches  supply  the  inter- transversales,  longus  colli,  and  rectus 
capitis  anticus  major.  3.  From  the  fourth  nerve  a  branch  arises  for  the  upper  part 
of  the  scalenus  anticus. 

(&)  Genio-hyoid  and  Infra-hyoid  Muscles. — The  descending  cervical  nerve  (n. 
cervicalis  descendens)  is  formed  in  front  of  the  internal  jugular  vein  by  the  union 
of  two  slender  trunks  from  the  second  and  third  cervical  nerves.  It  forms  a  loop 
of  communication  in  front  of  the  carotid  sheath  with  the  descending  branch  of  the 
hypoglossal  nerve  (derived  ultimately  from  the  first  two  cervical  nerves).  This 
loop  of  communication  is  called  the  ansa  hypoglossi.  It  is  often  plexiform ;  and 
from  it  branches  are  given  to  the  sterno-hyoid,  stemo- thyroid,  and  omo-hyoid 
muscles.  The  nerve  to  the  sterno-hyoid  muscle  is  often  continued  behind  the 
sternum,  to  join  in  the  thorax  with  the  phrenic  nerve  or  the  cardiac  plexus. 

The  thyro-hyoid  muscle  and  the  genio-hyoid  muscle  are  supplied  by  branches  of 
the  hypoglossal  nerve,  which  are  also  traceable  back  to  the  communication  between 
the  hypoglossal  and  the  first  two  cervical  nerves. 

The  anterior  muscles  in  immediate  relation  to  the  middle  line  of  the  neck, 
between  the  chin  and  the  sternum,  are  thus  continuously  supplied  by  the  first 
three  cervical  nerves.  The  hypoglossal  is  the  nerve  of  the  muscles  of  the  tongue, 
and  it  is  not  certain  that  it  contributes  any  fibres  to  the  above-named  muscles. 

(c)  Diaphragm. — The  phrenic  nerve  supplies  the  diaphragm. 

Phrenic  Nerve. 

The  phrenic  nerve  (n.  phrenicus)  is  derived  mainly  from  the  fourth  cervical 
nerve,  reinforced  by  roots  from  the  third  (either  directly  or  through  the  nerve  to 
the  sterno-hyoid)  and  fifth  (either  directly  or  through  the  nerve  to  the  subclavius 
muscle).  It  passes  downwards  in  the  neck  upon  the  scalenus  anticus  muscle ;  at 
the  root  of  the  neck  it  enters  the  thorax  between  the  subclavian  artery  and  vein, 
and  traverses  the  mediastinum  to  reach  the  diaphragm,  lying  in  the  middle 
mediastinum  between  the  pericardium  and  pleura,  and  in  front  of  the  root  of  the 
lung.  In  its  course  it  presents  certain  dififerences  on  the  two  sides.  In  the  neck, 
on  the  left  side,  it  crosses  tlie  first  part  of  the  subclavian  artery :  on  the  right  side 
it  crosses  the  second  part.  In  the  superior  mediastinum,  on  the  left  side,  it  lies 
between  the  left  subclavian  and  carotid  arteries,  and  crosses  the  pneumogastric 
nerve  and  the  aortic  arch.     On  the  right  side  it  accompanies  the  innominate  vein 
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and  superior  vena  cava,  and  is  entirely  separate  from  the  pneumogastric  nerve. 
The  left  nerve  is  longer  than  the  right,  owing  to  the  position  of  the  heart  and  the 
left  half  of  the  diaphragm.  The  right  nerve  sends  fibres  along  the  inferior  vena 
cava  through  the  foramen  quadratum.  Eeaching  the  diaphragm  the  nerve  separates 
into  numerous  branches  for  the  supply  of  the  muscle;  some  enter  its  thoracic 
surface  (sub-pleural  branches),  but  most  of  the  fibres  supply  it  after  piercing  the 
muscle  (sub-peritoneal  branches). 

The  branches  of  the  phrenic  nerve  are — 1.  Muscular  (to  the  diaphragm);  2. 
pleural ;  3.  pericardiac ;  4.  inferior  vena  caval ;  5.  capsular ;  and  6.  hepatic. 

The  branches  to  the  pleura  and  pericardium  arise  as  the  phrenic  nerve 
traverses  the  mediastinum.  The  branches  to  the  inferior  vena  cava,  suprarenal 
capsule,  and  liver  arise  after  communication  of  the  phrenic  nerve  with  the 
diaphragmatic  plexus  of  the  sympathetic  on  the  abdominal  surface  of  the 
diaphragm. 

Oommunications  of  the  Phrenic  Nerve. — 1.  The  phrenic  uerve  may  communicate 
with  the  nerve  to  the  subclavius  muscle.  2.  It  may  communicate  with  the  an*i 
hr/jKx/lossif  or  a  bninch  from  it  (the  nerve  to  the  sterno-hyoid).  3.  It  frequently  com- 
municates with  the  cervical  part  of  the  sympathetic.  4.  It  communicates  with  the 
solar  plexus  by  a  junction  upon  the  abdominal  surface  of  the  diaphmgm  with  the 
diaphragmatic  plexus  on  the  inferior  phrenic  artery,  in  which  a  small  diaphragmatic 
ganglion  is  found  on  the  right  side.  From  this  junction  branches  are  given  off  to  the 
inferior  vena  cava,  suprarenal  capsule,  and  hepatic  plexus. 

Morphology  of  the  Cervical  Plexus. 

The  characteristic  feature  of  the  cervical  plexus  is  the  combination  of  parts  of  adjacent  nerves 
into  compound  nerve-trunks  by  the  formation  of  series  of  loops.  The  result  ol  the  formation  of 
these  loops  is  that  parts  (particularly  cutaneous  areas)  are  supplied  by  branches  of  more  than  one 
spinal  nerve. 

A.  Cutaneoiifl  Distribution. — Bv  the  combinations  of  the  nerves  into  loops  the  discrimination 
of  the  elements  in  the  upper  cervical  nerves,  corresponding  to  the  lateral  and  anterior  branches 
of  a  typical  thoracic  nerve,  is  made  a  matter  of  some  difficulty.  The  second,  third,  and 
fourth  nerves,  through  the  cervical  plexus,  supply  an  area  of  skin  extending,  laterally,  from  the 
side  of  the  head  to  the  shoulder ;  anteriorly,  from  the  face  to  the  level  of  the  nipple.  The  higher 
nerves  supply  the  upper  region  (second  and  third) ;  the  lower  nerves  supply  the  lower  region 
(third  and  fourth).  It  is  not  possible  to  strictly  compare  the  individual  nerves  with  the  lateral 
and  anterior  branches  of  a  tnoracic  nerve.  A  line  drawn  from  the  ear  to  the  middle  of  the 
clavicle  separates,  however,  a  lateral  from  an  anterior  cutaneous  area;  and  certain  of  the 
cutaneous  nerves  fall  naturally  into  one  of  these  two  categories.  The  nerves  homologous  with 
anterior  branches  of  intercostal  nerves  are  the  superficial  cervical  and  the  sternal  branches  of 
the  supra-clavicular  series ;  those  homologous  with  lateral  branches  are  the  small  occipital  and 
acromial  branches.  The  great  auricular  and  clavicular  branches  are  mixed  nerves,  comprising 
elements  belonging  to  both  sets. 

B.  Muscular  Distribution. — The  nerves  from  the  cervical  plexus,  supplying  muscles,  an* 
simpler  in  their  arrangement  They  are  not  generally  in  the  form  of  loops,  and  tney  are  easily 
separated  into  lateral  and  anterior  series.  The  lateral  nerves  comprise  the  branches  to  the 
rectus  capitis  lateralis,  stemo-mastoid,  trapezius,  levator  anguli  scapulae.  The  nerves  in  the 
anterior  series  are  those  to  the  recti  antici,  the  hyoid  muscles,  and  the  diaphragm. 

It  is  noteworthy  that  the  last-named  muscles — genio-hyoid,  thyro-hyoid,  sterno-hyoid,  omo- 
hyoid, stemo-thyroid,  and  diaphragm — are  continuously  supplied  by  branches  from  the  first  five 
cervical  nerves :  the  higher  muscles  by  the  higher  nerves ;  tne  lower  muscles  by  the  lower  nerves. 
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The  brachial  plexus  is  formed  by  the  anterior  primary  diviaions  of  the  fifth, 
sixth,  seventh,  and  eighth  cervical  nerves,  along  with  the  greater  part  of  the  first 
thoracic  nerve.  In  some  cases  a  slender  branch  of  the  fourth  cer\dcal  nerve  is  also 
engaged;  and  the  second  thoracic  nerve,  in  all  cases,  also  contributes  to  the 
innervation  of  the  arm,  through  the  intercosto-humeral  nerve.  It  many  cases  it 
contributes  also  directly  to  the  plexus,  by  an  intra-thoracic  communication  with 
the  first  thoracic  nerve. 

Position  of  the  Plexus — The  nerves  forming  the  brachial  plexus  appear  in 
the  posterior  triangle  of  the  neck  between  the  scalenus  anticus  aud  scalenus 
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medius  muscles:  the  plexus  is  formed  in  close  relation  to  the  subclavian  and 
axillary  arteries ;  the  nerves  emanating  from  it  accompany  the  artery  to  the  axilla, 
where  they  are  distributed  to  the  shoulder  and  upper  hnib. 

Commnnication  witb  the  Sympathetic^ The  lower  four  cervical  iiervcD  comnmnicate 
irith  the  cervical  portion  of  tlie  aympHthetic  by  means  of  gray  rami  commmiicantes. 
Two  branches  arise  from  the  middle  cervical  ganglion,  and  join  the  anterior  primary 
divisions  of  the  fifth  and  eixth  nerves.  Two  arising  from  the  inferior  cervical  ganglion 
join  the  seventh  and  eighth  nerves.  They  reach  the  nerves  either  by  piercing  the 
prevertebral  oiusclea  or  by  passing  round  the  border  of  the  scalenus  anticus  mnscle. 

Oomposition  of  the  Brachial  Plexns. — In  an  analysis  of  the  brachial  plexus 
four  stages  may  be  always  seen :  — 
(1)  The  undivided  nerves. 


Kio.  4SJ.— The  Nerves  op  the  Brachial  Plixus. 

i^y.  SympathBtic  gsiiEllatsd  card  ;  Phr.  Phrenic  nerve  ;  C.4,  6,  6.  7.  8.  T.l.S,  3,  AuttrJoriiriinary  divbuDDBof  the 

lower  cervii:^  aii<l  upper  thoracic  nerves ;  M',  M^  Miiscniar  bninch«8  to  aiial  tDUHulea ;  P.T,  I^iig 

tboraeiu  oerve  ;  Rh,  Neri'e  t«  rtiomboidq  (posterior  vApular) ;   Subcl,  Nerve  to  aubclavina  niiucle  ; 

Int.  latercoBtal  nerves ;  S.Se,  Supra- w^a|iiilar  nurve.     The  intercostal  part  nf  the  lit<C  thoracic  nerve 

Outer  ConJ.— E.A.T,  Eitenial  Anterior  Ihoracig  ueive  ;  M.C,  Mugculo-cutaneoua  nerve  ;  fb.  Nerve  to  coraco- 

brachiilis  ;  H,  Median  nerve. 
Inner  (■ord.—l.A.T,  Interna]  anterior  thoracic  nerve  ;  U,  Ulnar  ner^-e;  l.C,  Internal  cutaneous  uer%e  ;  L.I.C 

Lesser  iutenial  gutaiitom  nerve. 
Pfaterior  Cord. — Circ.  Circumflex  nerve  ;  M.8,  Muitcalo-spiral  nerve  ;  8.Sut>,  Short  subscapular  nerve  ;  M.Siib. 

Loner  subacapularnerve  ;  L.Snb,  Long  »ub«capn1ar.  nerve  ;  I.H,  Intarcoito-humeTBlnerve  ;  Lst,  Lateral 

liranch  of  third  inlereoatal  nerve. 

(2)  The  separation  of  the  nerves  into  ventral  (anterior)  and  dorsal  (posterior) 

trunks ;  and  the  formation  of  three  primary  cords. 

(3)  The  formation  of  three  secondary  cords — outer,  inner,  and  posterior. 

(4)  The  origin  of  the  nerves  of  distribution. 

(1)  The  undivided  nerves  have  only  a  very  short  independent  course  at  the  side 
of  the  neck,  after  passing  betvfeen  the  scalene  muscles. 

(2)  Almost  immediately  after  entering  the  posterior  triangle  there  are  formed 
three  primaiy  cordfl :  tlie  first  cord  is  formed  by  the  union  of  the  Hfth  and  sixth 
nerves  ti^ether ;  the  second,  by  the  f-eventh  nerve  alone ;  and  the  third,  by  the 
union  of  the  eighth  cervical  and  first  tlioracie  nerves  together.  While  these  cords 
are  being  formed,  a  division  occurs  in  each  of  the  last  four  cervical  nerves,  into 
ventral  (anterior)  and  dorsal  (posterior)  trunks ;  the  first  thoracic  nerve  usually 
gives  rise  to  no  dorsal  trunk.     The  ventral  and  dorsal  trunks  of  the  fifth,  sixth. 
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and  seventh  nerves  are  nearly  equal  in  size.     The  dorsal  trunk  of  the  eighth 
cervical  nerve  is  much  smaller. 

(3)  The  secondary  cords  of  the  plexus  are  formed  by  combinations  of  the»e 
ventral  and  dorsal  trunks  in  relation  to  the  axillary  artery.  They  are  three  in 
number.  The  outer  cord  (fasciculus  lateralis)  is  formed  by  a  combination  of  the 
ventral  trunks  of  the  fifth,  sixth,  and  seventh  nerves,  and  lies  on  the  outer  side  of 
the  axillary  artery.  The  inner  cord  (fasciculus  medialis)  is  formed  by  a  combination 
of  the  ventral  trunk  of  the  eighth  cervical  with  the  part  of  the  first  thoracic 
nerve  engaged  in  the  formation  of  the  plexus;  it  lies  on  the  inner  side  of  the 
axillary  artery.  The  posterior  cord  (fasciculus  posterior)  is  made  up  of  all  the 
dorsal  trunks  from  the  fifth,  sixth,  seventh,  and  eighth  cervical  nerves,  and  hes 
behind  the  axillary  artery.  The  first  thoracic  nerve  does  not  usually  contribute  to 
the  posterior  cord,  and  the  branch  when  present  is  a  fine  nerve. 

(4)  The  nerves  of  distribution  for  the  shoulder  and  arm  are  derived  from  these 
secondary  cords,  and  receive  in  this  way  various  contributions  from  the  constituent 
spinal  nerves.  From  the  outer  cord  arise  the  external  anterior  thoracic  and  musculo- 
cutaneous nerves,  and  the  outer  head  of  the  median  nerve.  From  the  inner  cord 
arise  the  inner  head  of  the  median,  the  ulnar,  internal  cutaneous,  lesser  internal 
cutaneous,  and  the  internal  anterior  thoracic  nerves.  From  the  posterior  cord  arise 
the  circumflex,  the  three  subscapular,  and  the  musculo-spiral  nerves. 

It  is  to  be  remembered  that,  although  derived  from  a  secondary  cord  formed  by  a  certain 
set  of  spinal  nerves,  any  given  nerve  does  not  necessarily  contain  fibres  from  all  the  constituent 
nerves ;  e.g.  both  the  musculo-cutaneous  and  circumflex  nerves,  from  the  outer  and  posterior 
cords  respectively,  are  ultimately  derived  only  from  the  fifth  and  sixth  cervical  nerves. 


The  Branches  of  the  Brachial  Plexus. 

It  is  customary  to  separate  artificially  the  nerves  of  distribution  of  the  brachial 
plexus  into  two  sets :  (1)  supra-clavicular  and  (2)  infra-clavicular.  Clinically  it  is 
important  to  realise  the  position  of  origin  of  certain  nerves.  The  nerves  to  the 
prevertebral  muscles,  the  communication  with  the  phrenic,  the  posterior  scapular, 
and  long  thoracic  nerves,  arise  from  the  roots  of  the  nerves  involved  in  the  plexus. 
The  supra-scapular  and  the  nerve  to  the  subclavius  arise  at  the  level  of  formation  of 
the  secondary  cords ;  and  the  anterior  thoracic  and  subscapular  nerves  arise  from  the 
secondary  cords,  prior  to  their  ultimate  subdivision  into  the  nerves  of  distribution 
for  the  upper  limb. 

Supra-clavicular  Nerves. — The  nerves  derived  from  the  plexus  above  the 
level  of  the  clavicle  are,  like  the  main  trunks,  divisible  into  two  series ;  anterior 
branches  arising  from  the  front,  and  posterior  branches  arising  from  the  back  of  the 
plexus  (Fig.  494,  p.  623). 


Anterior  Branches. 

1.  Nerves  to  scalenus  anticus  and 

longus  colli. 

2.  Communicating  nerve  to  join 

the  phrenic  nerve. 

3.  Nerve  to  the  subclavius  muscle. 


Posterior  Branches. 

1.  Nerves  to  scaleni,  mcdius  and 

posticus. 

2.  Posterior  scapular  nerve. 

3.  Long  thoracic   nerve. 

4.  Supra-scapular  nerve. 


The  muscular  twigs  to  the  scalenus  anticus  and  longus  colli  arise  from  the  lower 
four  cervical  nerves,  as  they  emerge  from  the  intervertebral  foramina. 

The  communicating  nerve  to  the  phrenic  arises  usually  from  the  fifth  cerWcal 
nerve  at  the  outer  border  of  the  scalenus  anticus.  It  is  sometimes  absent,  and 
occasionally  an  additional  root  is  present  from  the  sixth  cervical  nerve.  In  some 
instances  the  nerve  is  replaced  by  a  branch  from  ,the  nerve  to  the  suliclavius. 
which  passes  inwards  behind  the  steruo-mastoid  muscle  to  join  the  phrenic  at  the 
inlet  of  the  thorax. 

The  nerve  to  the  subclavius  is  a  slender  nerve,  wliich  arises  from  the  front  of 
the  cord  formed  by  the  filth  and  sixth  cervical  nerves.  It  descends  in  the  posterior 
triangle  of  the  neck  over  the  third  part  of  the  subclavian  artery.  It  often  com- 
municates with  the  phrenic  nerve. 
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The  bnnchM  to  tbe  scalmi,  medins  and  pocticiu,  are  small  trunks  which  arise 
from  the  lower  four  cervical  nerves  as  they  emerge  from  the  intervertebral  foramina. 

The  posterior  Boapular  nerve  (n.  dorsalis  scapulae,  nerve  to  the  rhomboids) 
arises  from  the  back  of  the  fifth  cervical  nerve,  as  it  emerges  from  the  intervertebral 
foramen.  It  appears  in  the  posterior  triangle  of  the  neck,  after  piercing  the 
scalenus  medius  muscia  It  is  directed  downwards,  under  cover  of  the  levator 
anguli  scapula  and  rhomboid  muscles,  and  along  the  vertebral  border  of  the 
scapula,  to  be  distributed  to  the  levator  anguli  scapulse,  rhomboideus  minor,  and 
rhomboideiis  major  muscles.     It  occasionally  pierces  the  levator  anguli  scapulic. 

The  long  thoraoio  nenre  (n.  thoracalis  longus,  external  respiratory  nerve  o( 
Bell)  arises  by  three  roots,  of  which  the  middle  one  is  usually  the  largest,  from  the 
back  of  the  fifth,  sixth,  and  seventh  nerves,  as  they  ^_ 

emerge  trom  the  intervertebral  foramina.  The  nerve 
pierces  the  scalenus  medius  as  two  trunks,  of  which 
the  lower  rapresents  the  contribution  from  the  seventh 

cervical  nerve,  and,  descending  along  the  side  of  the  """" 

neck  behind  the  cords  of  the  brachial  plexus,  it  ^""'" 

enters  the  axilla  between   the  upper  edge  of  the 
eerratus  magnus  and  the  axillary  artery.     It  con- 
tinues its  downward  course  over  the  outer  surface  "■ 
of  the  serratus  magnus,  to  which  it  is  distributed. 

There  is  a  more  or  leas  definite  relation  between  the  roots  Ihher 

of  this  nerve  and  the  parta  of  the  Rerratiis  luacnua.    The  first 

pan  of  the  muscle  is  innervated  hy  the  fiftti  nerve  alone;  Cdrd 

the  second  part  by  the  fifth  and  sixth,  or  the  sixth  alone  ; 
the  third  part  by  the  sixth  and  seventh,  or  the  seventh 

The  Buprasoapulsr  nerve  (n.  suprascapularis) 
arises  from  the  back  of  the  cord  formed  by  the 
fifth   and   sixth   cervical    nerves  in   the   posterior 

triangle  of  the  neck.  It  occupies  a  position  above  ^'°-  *S5.— diaohab  of  the  okioin 
the  main  cords  of  the  brachial  plexus,  and  courses         to"thb*p1^""l  mobc^s^"'^* 

downwards  and  outwards  parallel  to  them  towards  ^  ,  ~  „ ,. 

the  superior  border  of  the  scapula.    It  passes  through         la.t.  lutenmi  anterior  thoracic 
the  suprascapular  foramen  to  reach  the  dorsum  of         nervB;C.5.6,7,c.8,T.i.Nerve8of 
the   scapula.      After  supplying   the  supraspinatus         the  brachial  i.iaiuB;AR'^Aiiii«p- 
I     -^       .    J  J    .¥_'  •'      *.  1  ^         .  .     ■  arttry ;   Cl,   Clavicle ;  Scl,  8ub- 

muscle  It  winds  round  the  great  scapular  notch  m  ciaviuB  muMie ;  p.mi,  Pectonlia 
compfuiywith  the  suprascapular  arteryand  terminates  miaar,  jcioed  to  aubcUvius  by 
in  the  infraspinatus  muscle.  It  also  supplies  articular  |f"^"'^^^'"^''"'.  "'«"'*"''"i'=  ■  ''■"*. 
branches  to  the  hack  of  the  shoulder  joint.  ™  r    s  m^or. 

Infra -clavictQar  Herres.— The  so-called  infra -clavicular  branches  of  the 
brachial  plexus  are  distributed  to  the  chest,  shoulder,  and  arm.  According  to 
their  origin  they  are  divisible  into  two  sets— an  anterior  set,  derived  from  the 
outer  and  inner  corda,  and  a  posterior  set,  derived  from  the  posterior  cord.  In 
their  distribution  the  same  division  ia  maintained.  The  anterior  nerves  of 
distribution,  springing  from  the  outer  and  inner  cords,  supply  generally  the  chest 
and  the  front  of  the  limb ;  the  posterior  nerves,  springing  from  the  posterior  cord, 
supply  the  shoulder  and  the  back  of  the  limb. 

Anterior  Branches. 
Hervea  flrom  the  Outer  Cord. 
Kxtemal  anterior  thoracic.  Outer  head  of  median.  Muaculo-cutaneous. 

Nerves  firom  the  Inner  Cord. 
Intcroal  anterior  thoracic.  Uhiar.  Inner  head  of  median. 

Interual  cutaneous.  Lesser  internal  cutaneous. 

Posterior  Branche& 
Nerves  firom  the  Posterior  Cord. 
Circumflex.  MuBculo-spiral.  Three  subscapular  nerves. 
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many  cases,  sends  its  branches  to  the  pectoralis  major  round  the  lower  border  of  the 
pectx)ralis  minor,  and  it  may  supply  on  its  way  the  axillary  arches,  if  present.  These  two 
branches  are  derived — the  upper  from  the  seventh,  eighth  cervical,  and  first  thoracic 
nerves;  the  lower  from  the  eighth  cervical  and  first  thoracic  nerves.  The  pectoral 
muscles  are  thus  both  supplied  by  the  two  anterior  thoracic  nerves.  The  clavicular  fibres  of 
the  pectoralis  major  are  innervated  by  the  fifth  and  sixth  nerves ;  the  sternal  fibres,  from 
above  downwards,  by  the  fifth,  sixth,  seventh,  and  eighth  cervical,  and  first  thoracic 
nerves;  and  the  pectoralis  minor  is  supplied  by  the  seventh  and  eighth  cervical,  and 
first  thoracic  nerves. 

MUSCULO-CUTANBOUS   NBRVB. 

The  muscnlo-ctitaneoiis  nerve  (n.  musculo-cutaneus)  takes  origin  from  the 
outer  cord  of  the  plexus,  from  the  fifth  and  sixth  cervical  nerves  (Fig.  496).  The 
nerve  to  the  coraco-brachialis  muscle,  arising  from  the  seventh  or  sixth  and  seventh 
nerves,  is  usually  associated  with  it.  Separating  from  the  outer  head  of  the 
median  nerve,  the  musculo-cutaneous  nerve  lies  at  first  between  the  coraco- 
brachialis  muscle  and  the  axillary  artery.  It  is  then  directed  downwards  between 
the  two  parts  of  the  coraco-brachielis,  and  passes  between  the  biceps  and  brachialis 
anticus  muscles,  to  the  bend  of  the  elbow.  In  its  course  it  may  send  a  branch 
under  the  biceps  to  join  the  median  nerve.  It  pierces  the  deep  fascia  over  the 
front  of  the  elbow,  between  the  biceps  and  brachio-radiaUs,  and  terminates  in 
cutaneous  branches  for  the  supply  of  the  outer  side  of  the  forearm. 

The  branches  of  the  nerve  are  muscular  and  cutaneous.  The  muscolar  branches 
are  supplied  to  the  two  heads  of  the  biceps  and  the  brachialis  anticus,  as  the  nerve 
lies  between  the  muscles.  The  nerve  to  the  coraco-brachialis  (usually  incorporated 
with  the  trunk  of  the  musculo-cutaneous  nerve)  has  an  independent  origin  from 
the  seventh  or  sixth  and  seventh  nervea  It  is  usually  double,  one  branch  entering 
each  portion  of  the  muscle.  The  cutaneous  branches  are  anterior  and  posterior 
(Fig.  497,  p.  628).  The  anterior  branch  descends  along  the  front  of  the  outer  side 
of  the  forearm  to  the  wrist,  and  supplies  an  area  extending  inwards  to  the  middle 
line  of  the  forearm  anteriorly,  and  downwards  so  as  to  include  the  ball  of  the 
thumb.  It  communicates  above  the  wrist  with  the  radial  nerve,  and  supplies 
branches  to  the  radial  artery.  The  posterior  branch  passes  backwards  and 
downw%irds  over  the  extensor  muscles  and  supplies  the  skin  on  the  outer  aspect 
of  the  forearm  posteriorly  in  its  upper  three-fourths,  communicating  with  the 
cutaneous  branches  of  the  musculo-spiral  nerve. 

In  addition  to  the  above  branches,  the  musculo-cutaneous  nerve  supplies  in  many 
ca.ses  the  following  small  twigs  in  the  arm  :  (1)  a  medullary  branch  to  the  humerus ;  (2) 
a  periosteal  branch  to  the  lower  end  of  the  humerus  on  its  anterior  surface ;  and  (3)  a 
branch  to  the  brachial  artery. 

Median  Nerve. 

The  median  nerve  (n.  medianus)  arises  by  two  roots — one  from  the  outer 
cord,  the  other  from  the  inner  cord  of  the  brachial  plexus.  The  outer  head,  from 
the  (fifth),  sixth,  and  seventh  nerves,  descends  along  the  outer  side  of  the  axillary 
arterj ;  the  inner  head,  from  the  eighth  cervical  and  first  thoracic  nerves,  crosses 
the  end  of  the  axillary  artery  or  the  beginning  of  the  brachial  artery,  to  join  the  other 
head  in  the  upper  part  of  the  arm.  Descending  along  the  outer  side  of  the  brachial 
artery,  the  nerve  crosses  over  it  obliquely  in  the  lower  half  of  the  arm.  In  the 
hollow  of  the  elbow,  it  lies  internal  to  the  brachial  artery,  beneath  the  bicipital 
fascia  «ind  the  median  basilic  vein.  It  passes  into  the  forearm  between  the  two 
heads  of  the  pronator  radii  teres  muscle,  separated  from  the  ulnar  artery  by  the 
deep  origin  of  that  muscle.  Extending  down  the  middle  of  the  forearm,  between 
the  superficial  and  deep  muscles  to  the  wrist,  it  enters  the  palm  of  the  hand  on  the 
outer  side  of  the  flexor  tendons  of  the  fingers  beneath  the  anterior  annular 
ligament.  In  the  hand  it  spreads  out  at  the  lower  border  of  the  annular  ligament 
beneath  the  palmar  fascia  and  superficial  palmar  arch,  and  separates  into  its  six 
terminal  branches.  In  the  forearm  a  small  artery  accompanies  it, — the  comes  nervi 
mediani.  Above  the  wrist  it  is  comparatively  superficial,  lying  on  the  outer  side  of 
the  superficial  flexor  tendons  and  directly  beneath  the  tendon  of  the  palmaris  longus. 
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Dine  caseu,  receives  u  communicating  branch 
rm.  (2)  It  communicates  in  some  cases,  in 
the  upper  part  of  the  forearm,  with  the  ulnar  nerve  beneath  the  flexor  muscles.  (3)  It 
communicates  by  means  of  its  cutaneous  branches  witli  the  ulnar  nerve  in  the  palm  of 

the  hand. 

Branches.— The  median  uerve  usually  gives  off  no  brauches  in  the  upper  arm. 

Branches  in  the  Forearm. — (1)  Articnlai  Brandies. — Minute  articular  filaments 

are  distributed  to  the 
front  of  the  elbow-joint. 

(2)  HoBctdar  Kan- 
ches. — Just  below  the 
elbow  a  bundle  of  nerves 
arise  which  ia  distributed 
to  the  following  muscles: 
pronator  radii  teres, 

^     flexor  carpi  ladialis,  pal- 
maris  longus,  flexor  sub- 
limis  digitorum.    Nervee 
''-    are  also  generally  trace- 
7'    able  from  this  bundle  to 
^,      the  upper  fibres  of  the 
flexor     longus     pollicis 
and     flexor     profundus 
digitorum.      The  nerve 
to    the   pronator    radii 
teres  often  arises  inde- 
pendently in  the  hollow 
of  the  elbow, 

(3)  The  anterior  io- 


trom  the  back  of  the 
median  nerve  in  the 
forearm,  descends  in 
front  of  the  interosseous 
membrane  along  mth 
the  anterior  interosseuus 
artery,  passes  behind 
the  pronator  quadmius 
muscle,  and  termiuat«^ 
by  supplying  articular 
filaments  to  the  tadio- 
^  carpal  articulation.     In 

its     course     the    nene 
,„.  „„/*"d  HAta""™  ""  "'  '*'""  ""   supplies        muscular 
branches   to   the   flexor 

CuUneo.18   Ijrauuli    of    circutuHex    neri-e ;     M.Ss,    Superior    eiternal  half   of    the    fleXOF    pro- 

cutaneouN  branch  of  niuBclllo-Bptml  nerve  ;    M.C,   Musoulo-culaneouii  fundus     ditHtOruUl,    and 

nerve  ;  M,  Meilisn  nerve  ;  U,  Ulnar  nerve  ;  I.C,  lutemal  cuUneous    .i ,   _   _    _  j „,^ 

nerve  I  L.I.C.  Le««r  interlial  onUneon,  nerve  (Wrisberg) ;  l.H,  InUr-  ^he  pronator    quadratUS, 

tosto-liunieral  nerve;  T.2,  3,  4,5,  6,  Anterior  and  lateral  branches  of  minutC           medullary 

intercoHtai  nerves.  branches  to  the   radiiis 

(B)  is  B  Bclieniatic  nrprBSentntion  of  the  areas  supplied  by  the  above  nerve*,    and    ulna,   and    twigS  Ui 


Fia.  197.— Tbe  Digtbibi 


ilingthespinalonpnof  the  branches  of  distribution    ,1^      ™rinntPiim   and   in- 
to each  acen.     V.A.L,  Ventral  aiial  line.  ^"^    penOSieum   BBQ    lU 

terosseous  membrane. 
(4)  Pahnar  Cntaneons  Branch. — Id  the  lower  third  of  the  forearm  a  small 
cutaneous  branch  arises,  wliieh  pierces  the  deep  fascia  and  crosses  the  anti-rior 
annular  li<;ament  to  reach  the  palm  of  the  hand.  It  supplies  the  skin  of  the  pitlni 
and  comruunieatea  with  a  similar  branch  of  the  ulnar  nerve.  This  branch  is  not 
always  present. 
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Branches  in  the  Hand. — In  the  hand  the  median  nerve  gives  off  its  terminal 
branches.     These  are  muscular  and  cutaneous. 

The  main  mnBcular  branch  arises  just  below  the  anterior  annular  Ugament  and 
passes  outwards  to  the  base  of  the  thenar  eminence ;  entering  the  ball  of  the  thumb 
superficially  on  the  inner  side,  it  supplies  branches  to  the  abductor  pollicis, 
opponens  pollicis,  and  the  superficial  head  of  the  flexor  brevis  pollicis. 

The  cutaneotiB  branches  are  five  in  number.  Three  separate  branches  supply  each 
side  of  the  thumb  and  the  radial  side  of  the  index  finger.  The  two  remaining 
branches  subdivide  at  the  cleft  between  the  second  and  third,  and  the  third  and 
fourth  fingers  respectively,  into  branches  which  supply  the  adjacent  sides  of  the 
second  and  third,  and  the  third  and'fourth  fingers.  From  the  nerves  which  supply 
respectively  the  radial  side  of  the  index  finger,  and  the  contiguous  sides  of  the 
index  and  third  fingers,  fine  muscular  branches  arise  for  the  two  outer  lumbrioal 
muscles.  The  cutaneous  branches  of  the  median  nerve  are  placed  in  the  palm 
between  the  superficial  palmar  arch  and  the  flexor  tendons.  They  become  super- 
ficial at  the  roots  of  the  fingers  between  the  sUps  of  the  palmar  fascia,  or,  in  the 
case  of  the  nerves  to  the  thumb  and  radial  side  of  the  index  finger,  at  the  outer 
edge  of  the  central  portion  of  the  palmar  fascia.  In  the  fingers  they  are  placed 
superficial  to  the  digital  arteries,  and  are  distributed  to  the  sides  and  front  of  the 
fingera  Each  nerve  supplies  one  or  more  dorsal  branches,  distributed  to  the  skin 
on  the  dorsal  aspect  of  the  terminal  phalanx  of  the  thumb  and  the  two  distal 
phalanges  of  the  first  two  and  a  half  fingers,  thus  making  up  for  the  deficiency  of 
the  radial  nerve  in  these  situations. 

Ulnar  Nerve. 

The  ulnar  nerve  (n.  ulnaris)  arises  from  the  inner  cord  of  the  brachial  plexus, 
from  the  eighth  cervical  and  first  thoracic  nerves.  It  also  occasionally  has  a  root 
from  the  outer  cord  of  the  plexus  (seventh  cervical  nerve).  In  the  axilla  it  Ues 
between  the  axillary  artery  and  vein,  and  behind  the  internal  cutaneous  nerve ;  in 
the  upper  half  of  the  upper  arm  it  lies  on  the  inner  side  of  the  brachial  artery  in 
front  of  the  triceps  muscle.  In  the  lower  half  of  the  arm  it  is  separated  from  the 
brachial  artery ;  and  passing  behind  the  intermuscular  septum,  and  in  front  of  the 
inner  head  of  the  triceps  in  company  with  the  inferior  profunda  artery,  it  reaches  the 
interval  between  the  internal  condyle  of  the  humerus  and  the  olecranon  process.  It 
is  here  protected  by  an  arch  of  deep  fascia  stretching  between  the  internal  condyle 
and  the  olecranon  process.  It  enters  the  forearm  between  the  Humeral  and  ulnar 
origins  of  the  flexor  carpi  ulnaris,  and  courses  downwards  between  the  flexor  carpi 
ulnaris  and  flexor  profundus  digitorum.  In  the  lower  half  of  the  forearm  it  becomes 
comparatively  superficial,  lying  on  the  inner  side  of  the  ulnar  artery  beneath  the 
tendon  of  the  flexor  carpi  ulnaris.  Just  above  the  anterior  annular  ligament  of  the 
wrist,  and  external  to  the  pisiform  bone,  it  pierces  the  deep  fascia  in  company  with 
the  artery  and  passes  into  the  hand  over  the  anterior  annular  ligament.  Reaching 
the  palm  it  divides  beneath  the  palmaris  brevis  muscle  into  its  two  terminal 
branches,  superficial  and  deep. 

Commnnications. — (1)  The  ulnar  nerve  coramunicates  in  some  cases  with  the  median 
nerve  in  the  forearm ;  (2)  with  the  internal  cutaneous  and  sometimes  the  median  nerve 
by  its  palmar  cutaneous  branch  ;  (3)  with  the  cutaneous  part  of  the  median  nerve  in  the 
palm  by  means  of  its  terminal  cutaneous  branches ;  (4)  with  the  radial  nerve  on  the 
dorsum  of  the  hand  by  means  of  its  dorsal  branch. 

Branches. — The  ulnar  nerve  gives  off  no  branches  till  it  reaches  the  forearm. 

In  the  forearm  it  gives  off  articular,  muscular,  and  cutaneous  branches. 

The  articular  branch  is  distributed  to  the  elbow  joint  and  arises  as  the  nerve 
passes  behind  the  internal  condyle. 

The  muscular  branches  arise  as  soon  as  the  nerve  enters  the  forearm.  They  are 
distributed  to  the  muscles  between  which  the  ulnar  nerve  lies — the  flexor  carpi 
ulnaris  and  the  inner  half  of  the  flexor  profundus  digitorum. 

The  cntaneoos  branches  are  two  in  number,  palmar  and  dorsal. 
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palmar  aspect  The  outer  branch  becomes  superficial  at  the  cleft  between  the 
fourth  and  fifth  fingere,  between  the  slips  of  the  palmar  fascia,  and  subdivides  into 
two  brancbea  which  supply  the  adjacent  aides  of  these  fingers  on  their  palmar  aspect. 
It  communicates  with  the  adjacent  digital  branch  of  the  median  nerve. 

The  deep  tmnch  is  purely  muscular.     It  sepnrates  from  the  superficial  branch, 


and  pae 
flexor  br 
digiti  m 
muscles 

the  line 

and  und' 

tendons, 

the  folio 

two  ium  >m 

bricale8( 

adductoiw  j„„.^„,  — ^„^„„<,  ^^^ 

transversus.  and  deep  part  of  the  j,-,o.  499.  _  .r)Ei,T.>m  Reoion  anu  Back  ot  Any. 

flexor  brevis  pollieia. 

Internal  Cutaneous  Nerve. 

The  internal  cutaneous  nerve  (d.  cutaoeus  brachii  medialis)  arisea  from 
the  inner  cord  of  the  brachial  plexus,  from  the  eighth  cervical  and  first  thoracic 
nerves  (Figs.  497  and  498).  In  the  axilla  and  upper  half  of  the  arm  it  lies  superficial 
to  the  main  artery.  It  becom38  cutaneous  by  pierc'ini;  the  deep  fascia  about  the 
middle  of  the  inner  aide  of  the  upper  arm,  and  accompanying  the  biisilie  vein 
through  the  lower  half  of  the  arm,  it  divides  at  the  front  of  the  elbow  into  its  two 
terminal  branches. 

Commnnicatioti. — The  internal  cutaneous  nerve  communicates  witli  the  palmar 
branch  of  the  ulnar  nerve  in  the  lower  part  of  the  forearm. 
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Branches. — In  the  arm,  as  soon  as  it  becomes  superficial,  the  internal  cutaneous 
nerve  gives  oflf  a  branch  which  supplies  the  skin  of  the  lower  half  of  the  anterior 
surface  of  the  arm  on  its  inner  side.  At  the  elbow  it  divides  into  two  terminal 
branches — anterior  and  internal,  which,  crossing  over  or  under  the  median  basilic 
vein,  are  distributed  to  the  inner  side  of  the  forearm. 

The  anterior  branch  can  be  followed  to  the  wrist  and  supplies  the  whole  of  the 
front  of  the  forearm  in  the  inner  half;  the  internal  branch  ia  not  so  large,  and, 
passing  obliquely  backwards  and  downwards  over  the  origins  of  the  pronator  and 
flexor  muscles,  it  is  distributed  to  the  upper  two-thirds  or  three-fourths  of  the 
posterior  aspect  of  the  forearm  on  the  inner  side. 

Lesser  Internal  Cutaneous  Nerve. 

The  lesser  internal  cutaneous  nerve  (n.  cutaneus  brachii  medialis  minor) 
arises  from  the  inner  cord  of  the  brachial  plexus,  and  ultimately  from  the  first 
thoracic  nerve  (Fig.  494,  p.  624).  It  lies  at  first  between  the  axillary  artery  and 
vein  ;  and  after  descending  over,  under,  or  even,  in  some  cases,  through  the  axillary 
vein,  it  perforates  the  deep  fascia  on  the  inner  side  of  the  arm,  and  is  distributed  to 
the  skin  of  the  arm  for  the  upper  half  or  more  on  its  inner  side. 

The  nerve  varies  considerably  in  size.  It  may  be  absent,  its  place  being  taken  by  branches 
of  the  intercosto-hiimeral  or  by  branches  from  the  internal  cutaneous  onset  of  the  muscnlo- 
spiral  nerve.  It  generally  bears  a  distinct  relation  in  size  to  the  intercosto-humeral,  due  to  the  fact 
tiiat  the  size  of  tne  latter  depends  upon  the  size  of  the  part  of  the  second  thoracic  nerve  con- 
nected with  the  first  in  the  thorax.  If  an  intra- thoracic  connexion  occurs  between  the  first  and 
second  thoracic  nerves,  the  intercosto-humeral  may  be  deprived  of  a  certain  number  of  its 
fibres,  which  in  that  case  reach  the  upper  limb  through  the  lesser  internal  cutaneous  nerve. 
When  traced  up  to  the  plexus  the  lesser  internal  cutaneous  is  found  to  have  an  origin  from  the 
back  of  the  corn  formed  by  the  eighth  cervical  and  first  thoracic  nerves,  and  usually  receives 
fibres  from  the  first  thoracic  nerve  only.  In  cases  where  **  axillary  arches  "  are  present  they  may 
be  supplied  by  this  nerva 

Circumflex  Nerve. 

The  circumflex  nerve  (n.  axillaris),  at  its  origin  is  just  below  the  supra- 
scapular and  comes  from  the  same  spinal  nerves — the  fifth  and  sixth  cervical 
nerves  (Fig.  494,  p.  623).  Extending  downwards  and  outwards  behind  the  axillary 
artery,  it  leaves  the  axilla  by  passing  round  the  external  border  of  the  subscapulans 
muscle,  in  company  with  the  posterior  circumflex  artery,  in  a  quadrilateral  space 
bounded  by  the  humerus,  subscapularis,  triceps  (long  head),  and  teres  major. 
Winding  round  the  surgical  neck  of  the  humerus  from  within  outwards,  it 
terminates  under  the  deltoid  by  supplying  that  muscle  (Fig.  499,  p.  631). 

Branches. — Muscular  branches  are  supplied  to  the  teres  minor  and  deltoid 
muscles.  The  nerve  to  the  teres  minor  enters  the  outer  side  of  the  muscle.  It 
possesses  a  pseudo-ganglion,  a  thickening  of  fibrous  tissue,  on  its  tnmk. 

Articular  branches  enter  the  back  part  of  the  capsule  of  the  shoulder- joint. 

A  cutaneous  branch  (n.  cutaneus  brachii  lateralis)  of  considerable  size  passes 
obliquely  downwards  and  forwards  from  beneath  the  deltoid  muscle,  becoming 
superficial  at  its  posterior  border.  Sometimes  the  branches  pierce  the  muscle.  It 
supplies  the  skin  over  the  insertion  of  the  deltoid  and  the  upper  half  of  the  arm 
on  the  outer  side  (Fig.  498,  p.  630). 

Musculo-Spiral  Nerve. 

The  mnsculo-spiral  nerve  (n.  radialis)  appears  to  be  the  continuation  into  the 
upper  limb  of  the  posterior  cord  of  the  brachial  plexus.  It  usually  takes  origin 
from  all  the  nerves  which  form  the  posterior  cord — the  fifth,  sixth,  seventh,  and 
eighth  cervical  nerves  (Fig.  494,  p.  623).  In  a  minority  of  cases  the  first  thoracic 
contributes  a  few  fibres,  and  more  frequently  the  fifth  cervical  nerve  is  excluded 
from  it.  It  extends  from  the  axilla  round  the  back  of  the  humerus  to  the  bend  of 
the  elbow,  where  it  ends  by  dividing  into  its  terminal  branches. 

In  the  axilla  it  lies  behind  the  axillary  artery,  and  in  front  of  the  subscapularis, 
teres  major,  and  latissimus  dorsi  muscles. 
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In  thf  arm,  in  the  upper  third,  it  lies  on  the  inner  Bide  of  the  humerus  behind 
the  brachial  arterj-,  and  upon  the  long  head  of  the  triceps.     In  the  middle  third  of 
the  arm  it  courses  obliquely  outwards  and  downwards  in  the  spiral  groove  of  the 
humerus,  along  with  the  superior  profunda  artery,  separating  the  long,  eKtemat, 
and  internal  heads  of  the  triceps  muscle  {Fig.  499,  p.  631).     In  the  lower  third  of 
the  arm,  piercing  the  upper  part  of  the  intermuscular 
septum  at  the  outer  border  of  the  triceps  muscle,  it 
descends  to  the  bend  of  the  elbow  in  front  of  the  external 
condyle  of  the  humerus,  in  the  interval  between  the 
brachio-radialis  and  brachialis  anticus  muscles.     Under 
cover  of  the  former  muscle,  in  the  hollow  of  the  elbow, 
it  divides  into  its  two  terminal  branches,  the  radial  and 
posterior  interosseous  nerves. 

The  collateral  brancheB  are  in  three  sets,  arising 
(a)  on  the  inner  aide,  (6)  on  the  back,  and  (c)  on  the 
outer  side  of  the  humerus  (Fig.  500). 

Branctaee  arising  interoal  to  the  bumerua— 1. 
Intenul  cutanoona  (u.  cutaueus  brachii  posterior). — This 
branch,  arising  in  common  with  one  of  the  following,  or 
independently,  pierces  the  fascia  on  the  inner  side  of 
the  arm  near  the  axilla.  It  supplies  the  skin  of  the 
inner  aide  of  the  arm  in  the  upper  third,  above  and 
behind  the  area  supplied  by  the  lesser  internal  cutaneous 
nerve  (Fig.  498,  p.  630).  This  nerve  varies  in  size, 
according  to  the  bulk  of  the  leaser  internal  cutaneous 
and  intercosto-humeral  nerves. 

2.  HDBcnlar  branches  (rr.  musculares). — These  are 
in  two  sets.  One  series  supplies  the  long  head  of  the 
triceps  muscle  near  its  origin ;  the  other  series  enters 
the  inner  head  of  the  muscle.  One  of  the  latter, 
separating  itself  from  the  rest,  accompanies  the  ulnar 
nerve  in  the  middle  third  of  the  arm,  and  supplies  the 
lower  part  of  the  muscle.  This  is  sometimes  called  the 
coUateial  aliuu'  nsrre. 

BMnohee  arismg  on  the  back  of  the  htuneruB.—  "«■  Boo.-DiiQR«MATic  Rbppe^ 
Hnscnlai  bruiclies  ariae  From  the  nerve  in  the  musculo-  q^  ^bb  HtrBcuLo-BPiBAL  Nerve. 
spiral  groove  for  the  supply  of  all  three  heads  of  the  m.g,  MuBenio.Bpirai  norvB:  L.H, 
triceps  muscle.  The  branch  which  enters  the  inner  Nerve  to  long  heaci  of  tricejis; 
head  of  the  muscle,  besides  supplyint;  it,  passes  through      l-^;  int"™*!  ouuneoiis  iiraoch ; 

.,  ,  J     1    i_-     J     ii.  1  1  11         r    »X  I.H,    Nerse    to    Inner    head    of 

the   muscle   and   behind   the  external   condyle  of  the     tricep«;0,H,  NerretooaterhMd 
humerus,  to  terminate  in  the  anconeua  of  tricepi ;  i.H.  Second  nervs 

BrancheB  arising  at  the  outer  side  of  the 
humerus.  —  1.  The  cutaneous  branches  (n.  cutaneus 
antibrachii  dorsalis)  are  two  in  number,  superior  and 
inferior.  Arising  from  the  musculo-spiral  nerve  before 
it  pierces  the  external  intermuscular  septum,  these 
branches  pierce  the  deep  fascia  close  together  on  the 
outer  side  of  the  arm  in  its  lower  half.  Descending 
over  the  back  of  the  external  condyle,  the  superior 
branch  supplies  the  skin  of  the  outer  aide  and  back  ol 
the  arm  in  its  lower  third,  and  the  back  of  the  forearm  in  its  upper  half.  The 
inferior  branch  supplies  an  area  of  skin  on  the  back  of  the  forearm  in  the  upper 
two-thirds  internal  to  the  area  innervated  by  the  musculo  -  cutaneous  nerve 
(Fig.  498.  p.  630). 

2.  Hnscnlar  brancheB. — The  musculo-spiral  nerve,  as  it  lies  in  the  interval 
between  the  brachialis  anticus  and  brachio-radialis,  supplies  a  small  branch  to  the 
brachialia  anticna  (which  in  some  cases  is  not  present)  and  nerves  to  the  brachio- 
radialis  and  extensor  carpi  radialis  longior.  It  may  also  provide  the  nerve  to  the 
extensor  carpi  radialis  brevier. 
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The  radial    nerve  (r.  superficialig)  is  entirely  cutaneous  in  its   distribution. 

Arising  in  the  hollow  of  the 
elbow    beneath    the   brachio- 
i  hfjKi)       radialfe,  it  couraes  downwardti 
under   cover  of   that   muscle 
«-hf.d)      through  the  upper  two-thirds 
of  the  arm,  and  accompanies 
°  "  the  radial  artery  in  the  middle 

jticui        third  of  the  forearm.     It  then 
paeaea  backwards  beneath  the 
tendon  of  the  brachio-radialis 
■d)  and  pierces  the  deep  fascia  in 

the  outer  aide  of  the  foreanu 
'""  ^.^11^        in    the    lower    third.      It  is 

g^  '*  '        distributed  to  the  skin  of  the 

iflisui        back  of  the  wrist,  the  outer 
side  and  the  back  of  the  hand, 
"'"^       and  the  back  of  the  thumb  and 
*"^"'  outer  two  and  a  half  fingen 

p^^  (Fig.  498,  p.  630).  Its  branehw 

MRDua       communicate  on   the   ball   of 
the  thumb  with  the  inusculo- 
BxMu  cutaneous  nerve,  and  on  the 

.        back   of  the   hand    with   the 
■*"''"        dorsal    branch    of    the   ulnar 
nerve.     The  digital  branche:^ 
are    small,  and    are    five    Jii 
Bi»  iiito  number.      Two   pass    to   tiie 

back  of  the  thumb  and  reach 
aiid>         the  inter-phalangeal  articula- 
tion.    One  supplies  the  mdial 
■"''  side  of  the  index  finger  hs  far 

as  the  second  phalanx.     Tlw 
••""^J  n^maining  two  branches  divide 

K*^  i)    ""     at  thecleftsl)etween  theswond 

EitBiiJ  nnt»r«iTii  ^uj  [(lird,  and  third  and  fourth 

*'«"'"  «di«iiii      fingers   respectively,   and   in- 

lupouieis    nervate  the  adjacent  sides  of 
E<t<  loKfu*       these  tingersas  i'aras  theaeci<nii 

phalanx.  The  rest  of  the  skiu 
".c"e  '  of  these  digits  to  the  tips  is 
supplied  by  djgitnl  branches 
of  the  median  nerve.  The 
nerve  may  only  supply  one 
and  a  half  fiugere,  being  re- 
placed by  branches  from  the 
ulnar  nerve. 

Posterior  Interosseous 
Nerve. 

The    poBterior    inter- 
osseous  nerve  (r.  profundus, 

fio.  SOI.— Ths  Muscles  of  the  Back  ok  THt  Foueabm  ■    .   „„   „^      „„.;k_,.l,;i 

(th«  8«perfid«i  ...u^Ls  Uve  b.ei.  reflected).  °-      mterOBseus      antibrachu 

dorsahs)  is  entirely  muscular 

and   articular   in    its  distribution,   and   it   arises   like    the   radial    beneath    the 

brachio  -  radialis    muscle.      Directed    obliquely    downwards    and     backwards,    it 
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reacheB  the  back  of  the  foreann,  after  passing  round  the  outer  side  of  the 
radius,  by  piercing  the  fibres  of  the  supinator  radii  brevis  muscle  (Fig.  501).. 
On  the  back  of  the  forearm  it  is  placed  in  the  upper  part  of  its  course  beneath  the 
superficial  extensor  muscles,  and  upon  the  supinator  radii  brevis  and  extensor  ossis 
metacarpi  poUicis,  along  with  the  posterior  interosseous  artery.  In  the  lower  half 
of  the  forearm  it  pisses  beneath  the  extensor  longus  poUicis,  and  lies  upon  the 
interosseous  membrane.  At  the  wrist  it  passes  beneath  the  extensor  tendons  on  to 
the  back  of  the  carpus,  where  it  terminates  in  a  gangliform  enlargement  of  small 
size,  from  which  branches  pass  to  the  inter-carpal  articulations.  Tlie  posterior  inter- 
osseous nerve  supplies  the  following  branches : — 

(1)  Terminal  articiilar  branches  to  the  carpal  joints. 

(2)  MoBCiilaT  braiidieB,  in  its  course  through  the  forearm.  Thus  on  the  outer 
side  of  the  radius  it  supplies  the  extensor  carpi  radialis  brevior  and  the  supinator 
brevis  muscle  before  it  enters  the  fibres  of  the  last-named  muscle.  After  emerging 
from  the  supinator  brevis  it  supplies  a  large  bundle  of  nerves  which  enter  the 
extensor  communis  digitorum,  extensor  minimi  digiti,  and  extensor  carpi  ulnaris 
near  their  origins.  Lower  down  the  forearm  the  nerve  gives  ofl*  branches  to  the 
extensor  ossis  metacarpi  pollicis,  extensor  longus  and  extensor  brevis  poUicis,  and 
extensor  indicia 

Subscapular  Nerves. 

There  are  three  subscapular  nerves  (nn.  ?ubscapulares)  (Figs.  494  and  496). 

The  first  or  short  subscapular  nerve  is  generally  double,  and  there  may  be 
three  trunks  present.  It  arises  from  the  posterior  cord  of  the  plexus  behind  the 
circumflex  nerve,  and  comes  from  the  fifth  and  sixth  cervical  nerves.  It  passes 
downwards  behind  the  axillary  artery  and  enters  the  subscapularis  muscle. 

The  second  or  lower  subscapular  nerve  also  arises  behind  the  circumflex 
from  the  posterior  cord  of  the  plexus,  and  from  the  fifth  and  sixth  cervical  nerves. 
Its  origin  is  below  and  external  to  that  of  the  first  nerve.  It  courses  outwards  and 
downwards  behind  the  axillary  artery,  and  the  circumflex  and  musculo-spiral 
nerves  to  the  teres  major  muscle.  It  supplies  branches  to  the  outer  part  of  the 
subscapularis  muscle  and  ends  in  the  teres  major. 

The  third  or  long  subscapular  nerve  (n.  thoraco-dorsalis)  arises  from  the  back 
of  the  posterior  cord  of  the  plexus,  behind  the  musculo-spiral  nerve,  and  from  the 
sixth,  seventh,  and  eighth  cervical  nerves,  or  from  the  seventh  and  eighth  nerves 
only.  It  is  directed  downwards  and  outwards  between  the  two  previous  nerves, 
behind  the  axillary  artery  and  over  the  posterior  wall  of  the  axilla,  in  company 
with  the  subscapular  artery,  to  the  latissimus  dorsi  muscle,  which  it  supplies  on  its 
anterior  (inner)  surface. 

THORACIC  NERVES. 

The  thoracic  nerves  are  twelve  in  number,  each  nerve  emerging  below  the 
corresponding  vertebra  and  rib.  Eleven  of  the  series  are  intercostal,  the  twelfth 
lying  below  the  last  rib.  The  first,  second,  third,  and  twelfth  nerves  present 
peculiarities  in  their  course  and  distribution.  The  other  thoracic  nerves,  as  already 
stated,  are  simple,  and  may  be  regarded  as  types  both  in  course  and  distribution. 

The  first  thoracic  nerve  is  the  largest  of  the  series.  It  emerges  from  the 
spinal  canal  below  the  neck  of  the  first  rib,  and  divides  in  the  first  intercostal 
space  into  two  very  unequal,  upper  and  lower,  parts.  The  upper  larger  part  ascends 
obUquely  over  the  neck  of  the  first  rib,  lying  external  to  the  superior  intercostal 
artery,  and  enters  the  neck  behind  the  subclavian  artery  and  the  pleura.  It  pro- 
ceeds outwards  upon  the  scalenus  medius  muscle  and  enters  into  the  formation  of 
the  brachial  plexus,  as  already  described. 

The  lower,  intercostal  part  of  the  nerve  is  much  smaller  in  size.  It  courses 
forwards  in  the  first  intercostal  space  and  supplies  the  intercostal  muscles.  It 
usually  gives  ofiF  no  anterior  branch  to  the  skin  of  the  chest  and  no  lateral 
cutaneous  branch. 
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cases  transmits  a  nerve  to 
the  brachial  plexus,  which 
becomes  incorporated 
with  the  first  thoracic 
nerve  after  passing  over 
the  neck  of  the  second  rib. 
This  branch  is  inconstant. 
As  already  mentioned,  it 
may  join  only  the  inter- 
costal part  of  the  first 
thoracic  nerve,  it  may  join 
the  brachial  plexus  only, 
or  it  may  send  branches 
to  both  parts  of  the  first 
thoracic  nerve.  (3)  Be- 
sides the  communications 
effected  by  branches  of  the 
second  thoracic  nerve  in 
its  course,  it  also  receives 
ayray  ramus  communicant 
from  the  second  thoracic 
ganglion  of  the  sym- 
pathetic cord  in  the 
thorax.  It  probably  also 
sends  to  the  sympathetic 
the  first  white  ramus  com- 
municanSy  though  this  is 
not  known  with  certainty. 

The  third  thoracic 
nerve  only  differs  from 
a  typical  thoracic  nerve 
in  one  respect.  Its 
lateral  tamch  divides 
in  the  usual  way  into 
anterior  and  posterior 
parts,  of  which  the  latter 
is  carried  to  the  arm  and 
supplies  an  area  of  skin 
on  the  posterior  half  of 
the  inner  side  near  the 
root  of  the  limb.  It 
effects  a  junction  with 
the  intercosto-humeral 
nerve  (Fig.  494,  p.  623). 

The  fourth,  fifth, 
and  sixtii  thoracic 
nerves  have  a  course 
and  distribution  which 
is  simple  and  t3^ical. 
Except  for  the  peculi- 
arities above  mentioned, 
the  second  and  third 
thoracic  nerves  have  a 
similar  distribution. 

The  nerves  appear 
on  the  posterior  wall  of 
the  thorax,  in  the  sub- 
costal groove  of  the  cor- 
responding rib.  They 
extend  forwards  be- 
tween  the    intercostal 


Fio.  503. — Thb  Distribution  of  Cutanboos  Nerves  on  the  Front  of 

THE  Trunk. 

Oq  one  side  the  distribution  of  the  several  nerves  is  represented,  the  letters 
indicating  their  nomenclature. 

G.A,  Great  auricular  nerve;  S.C,  Superficial  cervical  nerve;  S.Cl,  Supra- 
clavicular nerves  ;  Acr,  Acromial  ;  Cl,  Clavicular  ;  St,  Sternal ;  T.2-12, 
Lateral  and  anterior  branches  of  thoracic  nerves  ;  I.H,  Ilio-hypogastric 
nerve ;  I.I,  Ilio-inguinal  nerve  ;  CiRC,  Cutaneous  branch  of  circumflex 
nerve  ;  L.I.C,  Lesser  internal  cutaneous  nerve  ;  I.H,  Intercosto-humeral  ; 
I.C,  Internal  cutaneous  ;  M.S,  Cutaneous  branch  of  musculo-spiral  nerve, 
E.C,  External  cutaneous  nerves ;  G.C,  Genito-crural  nerve  ;  M.C^  ^  Middle 
cutaneous  nerves  ;  I.C\  Branch  of  internal  cutaneous  nerve  ;  P,  Branches 
of  pudic  nerve  ;  S.Sc,  Branches  of  small  sciatic  nerve. 

On  tlie  other  side  a  schematic  representation  is  given  of  the  areas  supplied  by 
the  above  nerves,  the  numerals  indicating  the  spinal  origin  of  the  branches 
of  distribution  to  each  area. 
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emerges  below  the  last  rib  (Fig.  504),  and  passes  outwards  and  downwards  in  the 

posterior  abdominal  wall  under  cover  of  the  psoas  muscle,  and  between  the  external 

arcuate  ligament  and  the  quadratus  lumborum  muscle ;  it  pierces  the  transversalis 

muscle,  and  courses  forwards  in  the  interval  between  it  and  the  obliquus  internus 

as  far  as  the  sheath  of  the  rectus  muscle.     After  piercing  the  posterior  layer  of  the 

sheath,  the  rectus  muscle,  and  the  anterior  layer  of  the  sheath,  it  terminates  by 

supplying  the  skin  of  the  anterior  abdominal  wall  midway  between  the  umbilicus 

and  the  pubis.     The  branches  of  the  nerve  are  muscular,  to  the  transversalis, 

obliqui,  rectus,  and  pyramidalis  muscles  of  the  abdominal  wall,  and  cutaneous 

branches,  two  in  number — an  anterior  terminal  branch,  which  supplies  the  skin  of 

the  anterior  abdominal  wall  midway  between  the  umbilicus  and  the  pubis,  and  a 

large  lateral  cutaneous  (iliac)  branch,  which,  passing  obliquely  downwards  through 

the  lateral  muscles  of  the  abdominal  wall,  becomes  superficial  above  the  iliac  crest, 

a  couple  of  inches  behind  the  anterior  superior  spine.     It  supplies  the  skin  of  the 

buttock  as  far  down  as  a  point  below  and  in  front  of  the  great  trochanter  of  the 

femur  (Fig.  507,  p.  645). 

The  twelfth  thoracic  nerve,  in  many  cases,  receives  a  commanicatiiig  brancli  from  the  eleventh, 
near  its  origin,  and  still  more  frequently  sends  a  fine  branch  to  Join  the  origin  of  the  first 
lumbar  nerve  in  the  psoas  muscle.  It  may  communicate  also  with  the  ilio-hypogastric  nerve,  as 
they  lie  together  in  the  abdominal  w^alL 

THE  LUMBO-SACEAL  PLEXUS. 

The  lumbo-sacral  plexus  is  formed  by  the  union  of  the  anterior  primary  divisions 
of  the  remaining  spinal  nerves  —  five  lumbar,  five  sacral,  and  one  coccygeal. 
Frequently,  a  fine  communicating  branch  of  the  twelfth  thoracic  nerve  joins  the 
first  lumbar  nerve  near  its  origin. 

Of  the  nerves  in  question  the  first  sacral  is  generally  the  largest  in  size,  the 
nerves  diminishing  gradually  above  and  rapidly  below  the  first  sacral.  The  plexus, 
for  the  most  part,  forms  the  nerves  destined  for  the  supply  of  the  lower  Umb.  In 
addition,  however,  nerves  arise  at  its  upper  limit  which  are  distributed  to  the  trunk 
above  the  level  of  the  limb,  and  at  the  lower  end  of  the  plexus  nerves  arise  for  the 
supply  of  the  perineum. 

Partly  for  convenience  of  description,  and  partly  on  account  of  the  differences 
in  position  and  course  of  some  of  the  nerves  emanating  from  it,  the  plexus  is  sub- 
divided into  three  subordinate  parts  —  lumbar,  sacral  or  sciatic,  and  pudendal 
plexuses.     There  is,  however,  no  strict  line  of  demarcation  between  the  three  parts. 

The  lumbar  plexus  is  formed  by  the  first  four  lumbar  nerves,  and  is  often 
joined  by  a  branch  from  the  twelfth  thoracic  nerve  as  well.  It  is  limited  below  by 
the  fourth  lumbar  nerve  (n.  furcalis),  which  also  enters  into  the  composition  of  the 
sciatic  or  sacral  plexus.  The  nerves  of  the  lumbar  plexus  are  formed  in  the  loin, 
and  supply  that  region  as  well  as  part  of  the  lower  limb.  They  are  separated  from 
the  nerves  of  the  sacral  portion  of  the  plexus  by  the  articulatiou  of  the  innominate 
bone  with  the  sacrum. 

The  sacral  or  sciatic  plexus  is  formed  by  the  fourth  and  fifth  lumbar,  and  the 
first  two  or  three  sacral  nerves.  It  is  generally  limited  below  by  the  third  sacral 
nerve  (n.  bigeminus),  which  also  assists  in  forming  the  pudendal  plexus.  The  nerves 
of  the  sacral  plexus  are  placed  on  the  posterior  wall  of  the  pelvis,  and  are  destined 
almost  entirely  for  the  lower  limb. 

The  pudendal  plexus  is  formed  by  the  second,  third,  fourth,  and  fifth  sacral 
nerves,  and  the  minute  coccygeal  nerve.  It  is  placed  on  the  back  wall  of  the  pelvis 
and  supplies  branches  mainly  to  the  perineum. 

Communications  with  the  Sympathetic. — Each  of  these  nerves  has  communica- 
tions with  the  gangliated  cord  of  the  sympathetic  in  the  abdomen  and  pelvis. 

Oray  Bami  Gommonicantes. — From  the  lumbar  and  sacral  ganglia  long  slender  g^^ay 
rami  communicantes  are  directed  backwards  and  outwards  over  the  bodies  of  the  vertebrae, 
and  (in  the  lumbar  region)  beneath  the  origins  of  the  psoas  muscle,  to  reach  the  anterior 
primary  divisions  of  the  nerves.  These  branches  are  irregular  in  their  arrangement.  A 
given  nerve  may  receive  branches  from  two  ganglia,  or  one  ganglion  may  send  branches 
to  two  nerves.  The  rami  are  longer  in  the  loin  than  in  the  pelvis,  owing  to  the  projection 
of  the  lumbar  portion  of  the  vertebral  column. 
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White  Rami  OonuilQliicuites. — Certain  lumbar  and  sacral  nerves  are  also  connecW 
with  the  abdominal  and  pelvic  Hjinpftthethic  by  means  of  while  rami  contrnwiiainUs.  From 
the  first  two,  and  possiblj  also  the  third  and  fourth  lumbar  nerves,  whit«  rami  c 


Fio.  504.— Nkbvbs  ov  ihk  Ldmbo-Sacbal  Plixob. 
%.  Hympatbetic  cord  ;  T.12.  L.1,  'i.  S,  4.  5,  S.l,  2.  3.  4.  5,  C«.  Anterior  priniarj  divisioiiii  of  the  lut  tboncir, 
the  lumbar,  sacral,  and  coccygeal  nervee ;  Q,  Nerve*  to  quadratui  lnmborum  ;  Pa,  Nerves  to  |wia« 
niuBcle  :  OX',  GeDitO'Crund  nerve  ;  II,  llinc  brancheB  of  last  thoracic  and  ilia-hypogaatric  nervet :  11;- 
Hypogattiie  branch  of  lllo-hypogagtric  nerve  ;  1. 1,  Ilio-inguinal  nerve  ;  E.C,  Eitanial  cutaDrons  Drrtt : 
A.C,  Anterior  crural  nerve  ;  Olit,  Obturator  nerve  ;  Py,  Nerves  to  pyriformis  niuacle  ;  0.1,  Ktnr  lo 
obtnimtor  intemiia  ;  Q.li',  Nerve  to  quadratua  feiaoria  rnnscle ;  Art,  Articular  branch  ;  8.G.  Suivrior 
gluteal  nerve  :  I.O,  Inferior  gluteal  nerve ;  P,  Peroneal  nerve  ;  Bi.2.  Nerve  to  short  head  of  binpi 
muscle  ;  T,  Tibial  nerve  ;  Art.  Articular  branch  ;  H.S,  Nerve  to  the  haniiitring  muacles  :  BLl,  Kerv'i 
to  biceps  (long  head),  and  SLl,  to  umitendinoaus  ;  81.2,  Srmitendiuoaus  ;  Sm,  SemimcmbraDiKU'' ; 
A.m,  Adductor  magnus  ;  S.Sc  Small  sciatic  nerve  ;  Perf,  PerforatiuR  cuUneous  nerve  ;  Pnii.  Pudic  urrvc  : 
M.  Huwular  brandies  ;  Per,  Perineal  branch  of  fourth  sacral ;  A.Co,  Anterior  sacro-coccygeal  nrnf. 


THE  LUMBAR  PLEXUS.  641 

cantes  are  directed  forw&rds,  either  independently  or  incorporated  with  the  correapondin^ 
gray  rami,  to  join  the  upper  part  of  the  lumbar  gangliated  cord.  The  fifth  lumbar  nerve 
and  the  firet  sacral  nerves  are  unprovided  with  irhit«  rami  communicantes.  From  the 
third,  and  usually  alao  the  second  or  fourth  sacral  nerves,  white  rami  (visceral  branches) 
pass  inwards,  and,  crossing  over  (without  joining)  the  gangliated  coid,  enter  the  pelvic 
plexus  of  the  sympathetic  The  fifth  sacral  and  coccygeal  nerves  possess  no  white  rami 
eommnnicantes. 

THE  LUMBAR  PLEXUS. 

The  lumbar  plexus  is  formed  by  the  anterior  primary  divisions  of  the  first  three 

Vsu  ciTil  opening    (EKphagnl  opening    OeDtnl  tendon  (middle  part) 
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and  a  part  of  the  fourirh  lumbar  nerves,  with  the  addition,  in  some  cases,  of  a  small 
branch  from  the  twelfth  thoracic  nerve.  The  nerves  increase  in  size  from  above 
downwards  (Fig.-505). 

PoBition  and  Oonstitntion. — The  plexus  is  placed  deeply  in  the  substance  of 
the  psoas  muscle,  in  front  of  the  transverse  processes  of  the  lumbar  vertebrie.     The 
45 
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nerves,  on  emerging  from  the  intervertebral  foramina,  are  connected  as  above 
described  with  the  sympathetic  system,  and  then  divide  in  the  following  manner  in 
the  substance  of  the  psoas  muscle.  The  first  and  second  nerves  divide  into  upper 
and  lower  branches.  The  upper  branch  of  the  first  nerve  (which  may  be  joined  by 
the  branch  from  the  twelfth  thoracic  nerve)  forms  two  nerves,  ilio-hypogastric  and 
ilio-ingtdnaL  The  lower  branch  of  the  first  joins  the  upper  branch  of  the  second 
nerve,  to  produce  the  genito-craral  nerve.  The  lower  branch  of  the  second  nerve, 
the  whole  of  the  third,  and  that  part  of  the  fourth  nerve  engaged  in  the  con- 
stitution of  the  plexus  divide  each  into  two  unequal  parts — smaller  anterior  and 
larger  posterior  parts.  The  smaller  anterior  portions  combine  together  to  form 
the  obturator  nerve,  which  is  thus  formed  by  the  second,  third,  and  fourth  lumbar 
nerves.  The  root  from  the  second  nerve  is  not  always  present.  The  larger 
posterior  portions  of  the  same  nerves  combine  together  to  form  the  anterior 
crural  nerve.  From  the  back  of  the  posterior  parts  of  the  second  and  third 
nerves,  the  external  cutaneous  nerve  arises.  The  nerves  also  provide,  near  their 
origins,  irregular  muscular  branches,  for  the  psoas  and  quadratus  lumborum 
muscles.  The  followmg  is  a  list  of  the  nerves  which  spring  from  the  lumbar 
plexus  (Figs.  504  and  505) : — 

(1)  Muscular  branches  to  the  quadratus  (4)  Genito-crural. 

lumborum  and  psoas.  (5)  External  cutaneous. 

(2)  Ilio-hypogastric.  (6)  Obturator. 

(3)  Ilio-inguinal.  (7)  Anterior  crural. 

Muscular  Branches. — The  nerves  to  the  quadratus  lumborum  muscle  arise 
independently  from  the  first  three  or  four  lumbar  nerves  (and  sometimes  tdso  from 
the  twelfth  thoracic  nerve).  The  nerves  to  the  psoas  muscles  arise  from  the  secood 
and  third  lumbar  nerves,  with  additions,  in  some  cases,  from  the  first  or  fourth. 
They  are  often  associated  in  their  origin  with  the  nerve  to  the  iliacus  from  the 
anterior  crural.  The  psoas  minor,  when  present,  is  innervated  by  the  first  or 
second  lumbar  nerve. 

The  ilio-hypogastric  and  ilio-inguinal  nerves  closely  resemble  in  their  course 
and  distribution  the  lower  thoracic  nerves,  with  which  they  are  in  series. 

The  ilio-hypogastric  nerve  (n.  ilio-hypogastricus)  is  the  highest  branch  of 
the  first  lumbar  nerve.  It  receiyes  fibres  also  from  the  twelfth  thoracic,  when  that 
nerve  communicates  with  the  first  lumbar  nerve.  After  traversing  the  psoas  muscle 
obliquely,  it  appears  at  its  outer  border  on  the  surface  of  the  quadratus  lumborum 
and  behind  the  kidney.  It  courses  through  the  loin,  lying  between  the  transversalia 
and  obliquus  internus  muscles,  above  the  crest  of  the  ilium.  About  an  inch  in  front  of 
the  anterior  superior  spine  it  pierces  the  obliquus  internus,  and  continues  its  course 
in  the  groin  beneath  the  aponeurosis  of  the  obliquus  extemus.  It  finally  becomes 
cutaneous  in  the  anterior  abdominal  wall,  by  piercing  the  aponeurosis  of  the  obliquus 
externus  about  an  inch  and  a  half  above  the  external  abdominal  ring  (Fig.  507  p.  645\ 

Its  branches  are — (1)  musctUar  to  the  muscles  of  the  abdominal  wall ;  and  (2 1 
cutaneous  branches,  two  in  number.  The  iliac  branch  corresponds  with  the  lateral 
branch  of  an  intercostal  nerve,  and,  after  piercing  the  obliquus  internus  and 
obliquus  externus,  becomes  cutaneous  just  above  the  iliac  crest,  below  and  behind 
the  iliac  branch  of  the  last  thoracic  nerve.  It  is  small,  and  may  be  absent.  It  is 
distributed  to  the  skin  over  the  upper  part  of  the  outer  side  of  the  buttock,  in  con- 
tinuity with  the  cutaneous  branch  of  the  posterior  primary  division  of  the  first 
lumbar  nerve.  The  hypogastric  branch  is  the  anterior  terminal  branch  of  the  ner\'e. 
It  supplies  the  skin  of  the  anterior  abdominal  wall  below  the  level  of  the  last 
thoracic  nerve  and  above  the  pubis. 

The  ilio-inguinal  nerve  (n.  ilio-inguinalis)  is  the  second  branch  given  olf 
from  the  first  lumbar  nerve.  It  also  may  receive  fibres  from  the  last  thoracic 
nerve.  Not  unfrequently  the  ilio-hypogastric  and  ilio-inguinal  ner\'es  are  repre- 
sented for  a  longer  or  shorter  part  of  their  course  by  a  single  trunk.  When  separate 
the  nerve  takes  a  course  similar  to  that  of  the  ilio-hypogastric  nerve,  but  at  a  lower 
level,  as  far  as  the  anterior  abdominal  wall  It  then  pierces  the  obliquus  internus 
farther  forward  and  lower  down  than  the  ilio-hypogastric ;  and  coursing  forwards 
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beneath  the  aponeurosis  of  the  obliquus  extemus,  just  above  Poupart's  ligament,  it 
becomes  superficial  after  passing  through  the  external  abdominal  ring  and  external 
spermatic  fascia  (Fig.  507,  p.  645). 

Its  branches  are  mv^ular  to  the  muscles  of  the  abdominal  wall,  among  which  it 
X>asse8,  and  ctUaneims  branches,  which  innervate  the  skin  (1)  of  the  anterior  abdominal 
wall  over  the  symphysis  pubis,  (2)  of  the  thigh  over  the  upper  and  inner  part  of 
Scarpa's  triangle,  and  (3)  of  the  upper  part  of  the  scrotum,  and  root  and  dorsum  of 
the  penis  (of  the  mons  Veneris  and  labium  majus  in  the  female).  These  last-named 
branches  are  contiguous  to  branches  of  the  pudendal  and  pudic  nerves.  Ko  lateral 
cutaneous  branch  arises  from  the  ilio-inguinal  nerve.  It  thus  corresponds,  like  the 
hypogastric  part  of  the  ilio-hypogastric  nerve,  to  the  anterior  trunk  of  a  typical 
thoracic  nerve. 

The  genito-craral  nerve  (n.  genito-iemoraUs)  usually  arises  by  two  independent 
roots  from  the  front  of  the  first  and  second  lumbar  nerves,  which  unite  in  the  substance 
of  the  psoas  to  form  a  slender  trunk.  It  appears  on  the  posterior  abdominal  wall, 
lying  on  the  psoas  magnus,  internal  to  the  psoas  parvus,  and,  piercing  the  psoas 
fascia,  it  extends  downwards  on  the  outer  side  of  the  common  and  external  iliac  vessels 
and  behind  the  ureter  to  Poupart's  ligament  (Fig.  505,  p.  641).  At  a  variable  jwint 
above  that  ligament  it  divides  into  genital  and  crural  branches.  The  genital  branch 
is  a  minute  nerve.  It  crossed  the  terminations  of  the  external  iliac  vessels,  and, 
along  with  the  vas  deferens  and  spermatic  vessels,  enters  the  inguinal  canal  through 
the  internal  abdominal  ring.  It  terminates  by  supplying  small  branches  to  the 
skin  of  the  scrotum  and  adjacent  part  of  the  thigh.  In  the  femsde  it  accompanies 
the  round  ligament  to  the  labium  majus.  This  nerve  gives  o£f  in  its  course  the 
following  small  branches:  (1)  to  the  external  iliac  artery;  (2)  to  the  cremaster 
muscle ;  (3)  to  conmiunicate  with  the  spermatic  plexus  of  the  sympathetic.  The 
croral  branch  continues  the  course  of  the  parent  nerve  into  the  thigh,  lying  on  the 
outer  side  of  the  femoral  artery.  It  becomes  cutaneous  by  passing  through  the 
saphenous  opening  or  the  iliac  portion  of  the  fascia  lata,  and  supplies  an  area  of 
skin  over  Scarpa's  triangle,  external  to  that  supplied  by  the  ilio-inguinal  nerve 
(Fig.  507,  p.  645).  It  communicates  in  the  thigh  with  the  middle  cutaneous 
branch  of  the  anterior  crural  nerve.  Before  piercing  the  deep  fascia  it  gives  a 
minute  branch  to  the  femoral  artery. 

The  external  cutaneous  nerve  (n.  cutaneus  femoris  lateralis)  is  only  distri- 
buted to  skin  (Fig.  505).  It  arises  from  the  back  of  the  lumbar  plexus,  and  usually 
from  the  second  and  third  lumbar  nerves.  Emerging  from  the  psoas  muscle  at  its 
outer  border,  the  nerve  crosses  the  iliacus  muscle,  beneath  the  fascia  iliaca,  to  reach 
the  anterior  superior  iliac  spine.  It  enters  the  thigh  beneath  the  outer  extremity 
of  Poupart's  ligament,  and  either  over,  under,  or  through  the  origin  of  the  sartorius 
muscle.  It  extends  down  the  outer  side  of  the  front  of  the  thigh  for  a  few  inches, 
lying  at  first  beneath  the  fascia  lata,  and  afterwards  in  a  tubular  investment  of  the 
fascia.  It  gives  off  small  branches  in  this  part  of  its  course,  and  finally,  piercing  the 
fascia  about  four  inches  below  the  anterior  superior  iliac  spine, it  separates  intoanterior 
and  posterior  terminal  branches.  The  anterior  branch  is  the  larger,  and  is  distributed 
on  the  outer  side  of  the  front  of  the  thigh  almost  to  the  knee.  The  smaller  posterior 
branch  supplies  the  skin  of  the  outer  side  of  the  buttock  below  the  gi'eat  trochanter 
and  of  the  upper  two-thirds  of  the  outer  side  of  the  thigh  (Fig.  507,  p.  645). 

Obturator  Nerve. 

The  obturator  nerve  (n.  obturatorius)  supplies  the  muscles  and  skin  on  the 
inner  side  of  the  thigh.  It  arises  in  the  substance  of  the  psoas  muscle  by  three 
roots  placed  in  front  of  those  of  the  anterior  crural  nerve,  and  derived  from  the 
second,  third,  and  fourth  lumbar  nerves  (Fig.  505,  p.  641).  Sometimes  the  root 
from  the  second  nerve  is  absent.  Passing  vertically  downwards,  the  nerve  emerges 
from  the  psoas  at  its  inner  border,  behind  the  common  iliac,  and  on  the  outer  side 
of  the  internal  iliac  vessels.  It  passes  forwards  below  the  pelvic  brim  in  company 
with  the  obturator  artery  to  the  obturator  groove  of  the  thyroid  foramen,  through 
which  it  reaches  the  thigh.  While  in  the  obturator  groove  it  separates  into  its 
two  main  branches,  named  superficial  and  deep  (Fig.  506,  p.  644). 
45  a 
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The  superficial  branch  enters  the  thigh  in  front  of  the  obturator  externus  and 
adductor  brevis  muscles,  and  beneath  the  pectineus  and  adductor  longua  In  the 
middle  third  of  the  thigh  it  ia  found  coursing  along  the  inner  border  of  the  adductor 
longus,  anterior  to  the  gracilis;  and  it  finally  divides  into  two  slender  tfirmiual 
filaments,  of  which  one  enters  Hunter's  canal  and  ends  on  the  femoral  artery,  while 
the  other  supphes  the  skin  for  a  variable  distance  on  the  inner  side  of  the  thigh  and 
joins  in  the  obturator  (sub-sartoria!)  plexus. 

The  branches  of  the  superficial  part  of  the  nerve  are : — 

I.  Ad  artictUar  branch  to  the  hip-joint  which  arises  from  the  nerve  as  soon  as 
it  enters  the  thigh,  and  supplies  the  joint  through  the  acetabular  notch. 
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2.  HitBcnlar  branchos  to  the  adductor  longus,  gracilis,  adductor  brevis  (usually), 
pectineus  (occasionally).  The  last-named  muscle  is  not  usually  supplied  from  the 
obturator  nerve. 

3.  A  cntaneoos  branch  of  very  variable  size  forms  one  of  the  termiaa]  branches 
(Fig.  507).  It  becomes  superficial  between  the  gracilis  and  adductor  longus,  in  the 
middle  third  of  the  thigh,  and  may  supply  the  skin  of  the  lower  two-thirds  of  the 
thigh  in  its  inner  side.  It  is  generally  of  small  size,  and  is  connected  with 
branches  of  the  internal  cutaneous  and  internal  saphenous  nerves  behind  the 
sartorius  muscle  to  form  the  obturator  (snb- sartorial)  plexus.  The  branch  from  tfie 
internal  saphenous  nerve  to  the  plexus  passes  inwards  behind  the  sartorius  after 
piercing  the  aponeurotic  covering  of  Hunter's  canal.  The  branch  from  the  internal 
cutaneous  nerve  is  generally  superficial  at  the  point  of  formation  of  the  plexua 

4.  The  branch  to  the  femoral  artery  is  the  other  terminal  branch  of  the 
nerve.  It  enters  Hunter's  canal  along  the  inner  edge  of  the  adductor  longus,  and 
ramifies  over  the  lower  part  of  the  artery. 

5.  A  fine  commnnicatinc  branch  sometimes  joins  the  anterior  crural  nerve  in 
front  of  the  hip-joint. 

The  deep  part  of  the  obtorator  nerve  reaches  the  thigh  by  piercing  the 
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obturator  exterDUS  muscle.  It  paBses  downwards  between  the  adductor  brevis  and 
adductor  mij^UB  musdea.  After  paasiug  obliquely 
through  the  adductor  maguuB,it  appearfiinthepopliteal 
apaceouthe  popliteal  vessels,  and  terminates  bypierciug 
the  posterior  ligament  and  supplying  the  knee-joiot. 
Its  branches  are: — (1)  moscnlar  bmnchai  to  the 
obturator  externus,  adductor  m^nus,  and  (when  the 
muBcle  is  not  supplied  by  the  superficial  part  of  the 
nerve)the  adductor  brevis.  The  branch  to  tbeobturator 
extemus  arises  before  the  nerve  enters  the  muscle,  in 
the  obturator  groova  The  nerve  to  the  adductor 
magnue  is  given  off  as  the  obturator  nerve  passes 
through  the  substance  of  the  muscle.  (2)  Ad  articular 
tanninal  branch  is  supplied  to  the  back  of  the  knee-joint. 

Antkrioe  Ckukal  Nkrvb. 

The  anterior  crural  uem  (n.  femoraUs)  is  the 
^^reat  nerve  for  the  muscles  and  skin  of  the  front  of 
the  thigh.  It  arises  in  the  substance  of  the  psoas 
muscle,  from  the  back  of  the  second,  third,  and  fourth 
lumbar  nerves,  behind  the  obturator  nerve.  Passing 
obliquely  through  the  psoas  muscle,  it  emerges  from 
its  outer  border  in  the  false  pelvis  (Fig.  505,  p.  641). 
Passiug  downwards  in  the  groove  between  the  psoas 
and  iliacus,  it  enters  the  thigh  beneath  Poupart'a  liga- 
meut,  external  to  the  femoral  sheath  and  feuioral 
vessels.  In  Scarpa's  triangle  it  breaks  up  into  a  large 
nuoiber  of  branches,  among  which  the  external  cir- 
cumflex artery  passes. 

The  branohee  of  the  anterior  crural  nerve,  which 
are  (1)  muscular,  (2)  articular,  and  (3)  cutaneous, 
arise  in  the  following  way : — 

In  the  abdomen  a  muscular  branch  arises  from 
the  outer  side  of  the  nerve  and  enters  the  iliacus 
muscle. 

/ft  Scarpa's  triangle  the  terminal  muscular, 
articular,  and  cutaneous  branches  arise  in  the  form 
of  a  large  bundle  of  nerves. 

1.  The  mmcaUi  branehu  supply  the  pectineus,  Fio.  607.— DiBTKiBtmoN  o»  cui*- 
sartorius,  and  quadriceps  extensor.  The  nerve  to  the  ^M^LowBtt'l^irB.''  '""  ^°'"  "' 
fe^tinem  ansea  close  to  Poupart's  ligament,  and  ^^  u,^  „„,  ^d.  the  di.trih„tian  of  th« 
coursing  obliquely  downwards  and  mwards  behmd  Mrsmi  mrveii  la  repnsBQted,  th« 
the  femoral  vessels  enters  the  muscle  at  its  outer  wtaralndioting  their  nomendatnu. 
border.  It  is  not  infrequently  double.  It  some-  T.ii,  Bnncbu  or  eleventh  thoncie 
times  gives  off  a  fine  communicating  branch  to  the     ,","""■  '^"''  ?S''n'?*'. "'  "!'?'' 

^°.    1         _,.       »   .L        Li         ..  mi_  IhoraclcnerTeil.H.IIio-hypogaatric; 

Bupernciai  part  of  tbeobturator  nerve.     The  nerves  i.i,iiio-ingnii.«l;E.C,Bxieni»lcut«- 

to  the  sariorivs  are  in  two  sets :  an  outer  short  set  of  neoii« ;  o.c,  aenitocranJ ;  m.c',", 

nerves  associated  with  the  outer  part  of  the  middle  "u^'ouV^^r  oWurMor'^'as^' 

cutaneous  nerve,  which  enter  the  upper  part  of  the  Smaii  acistic;  Pai.  Pixx,  PRteiUr 

muscle ;  and  an  inner  longer  set  which  are  associated  piexiu ;  Pat.  Patellar  branch  of 

with  the  inner  part  of  the  middle  cutaneous  nerve,  S"'*™.''  "p''*'"*"-;  E-P-S.  8«ral 

J             1      .L      '^ji        r  ..                 I         mi.             ..       i  branchw  of    p«rone4d  nerve;   1.8, 

and  supply  the  middle  oi  the  muscle.     The  parts  of  internal  saphenons;  M.C,  MukuIo- 

the    quadticepB    extentor    are    supplied    by    several  cutaneous; E.S,ExtcnMlupheaoas; 

branches.     The  vastus  extemus  and   rectus  femoris  ^^if'  Anterior  tibiei.  

,.,.,.,  !■  I  On  the  other  eiile  a  scheiDitic  repre- 

are  supplied  on  their  deep  suriace  by  separate  nerves  eenution  a  given  of  the  are»  *up- 
which  are  accompanied  by  branches  of  the  external  plied  h;  the  above  nerves,  the  tigiiru 
circumflex  artery.     The  crureus  muscle  is  supplied     if'ii'»"''B'he8,jin.i  origin  of  the 

_i.    .    „       ,       ■'  ,  .   ,  .,  rf    •-"        branchesofillMtribution  to  each  area. 

superficially  by  a  nerve  which   passes   through  the 

muscle,  and  innervates  also  the  subcrureus.     It  also  receives  fibres  from  one  of 
45  & 
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the  nerves  to  the  vastus  internus.  The  vastus  intemus  muscle  is  supplied  hj  two 
nerves :  an  upper  trunk,  which  supplies  the  higher  part  of  the  muscle,  and  sends  fibres 
to  the  crureus  as  well ;  and  a  lower  trunk,  which  descends  on  the  outer  side  of  the 
femoral  artery  along  with  the  internal  saphenous  nerve,  and  passing  beneath  the 
sartorius,  over  or  under  the  aponeurotic  covering  of  Hunter's  canal,  enters  the  inner 
side  of  the  vastus  intemus  muscle.  This  nerve  gives  off  a  small  branch  which  enters 
the  medullary  canal  of  the  femur. 

2.  The  articular  branches  supply  the  hip  and  knee-joints.  The  articular  branch  to 
the  hip- joint  arises  from  the  nerve  to  the  rectus  femoris,  and  is  accompanied  by 
branches  from  the  external  circumflex  artery.  The  articular  branches  to  the  knee- 
joint  are  four  in  number.  Three  of  them  arise  from  the  nerves  to  the  vastus  extemus, 
crureus,  and  vastus  internus,  which,  after  the  muscular  nerves  are  given  off,  are 
continued  downwards  to  the  knee-joint  along  the  front  of  the  femur.  A  fourth 
articular  branch  arises  (sometinies)  from  the  internal  saphenous  nerve. 

3.  The  cutaneous  branches  are  the  middle  and  internal  cutaneous,  and  the 
internal  saphenous  nerves  (Fig.  507). 

The  middle  cntaneous  nerve  arises  in  two  parts,  an  external  and  an  internal 
branch,  in  the  upper  part  of  Scarpa's  triangle.  The  two  branches  descend  vertically 
and  become  cutaneous  by  piercing  the  fascia  lata  over  the  upper  third  of  the 
sartorius  muscle.  They  carry  muscular  branches  to  the  sartorius,  and  the  external 
branch  in  many  cases  pierces  the  muscle.  These  two  nerves  supply  the  skin  of 
the  lower  three-fourths  of  the  front  of  the  thigh,  between  the  external  cutaneous 
nerve  on  the  outer  side  and  the  internal  cutaneous  on  the  inner  sida  They 
reach  down  to  the  front  of  the  patella,  and  there  stssist  in  the  formation  of  the 
patellar  plexus.  The  external  branch  communicates  in  the  upper  third  of  the 
thigh  with  tw^s  from  the  crural  branch  of  the  genito-crural  nerve. 

The  internal  cutaneoas  nerve  lies  at  first  in  Scarpa's  triangle  on  the  outer  side 
of  the  femoral  vessela  At  the  apex  of  the  triangle  it  crosses  over  the  femoral  vessels, 
and  is  directed  downwards  over  or  through  the  sartorius  muscle,  and  beneath  the 
fascia  lata,  to  the  lower  third  of  the  thigh.  It  is  distributed  to  the  skin  of  the 
lower  two-thirds  of  the  thigh  on  the  inner  side  by  means  of  three  branches — upper, 
middle,  and  lower. 

The  v^er  branch  may  be  represented  by  two  or  more  twigs.  It  arises  from  the 
main  nerve  near  its  origin,  and  pierces  the  fascia  lata  near  the  apex  of  Scarpa's 
triangla  It  is  distributed  to  the  skin  of  the  upper  part  of  the  thigh,  along  the 
line  of  the  saphenous  vein.  The  middle  or  anterior  branch  is  a  larger  nerve.  It 
separates  from  the  lower  branch  at  the  apex  of  Scarpa's  triangle,  and  passing  over 
the  sartorius  muscle  becomes  cutaneous  in  the  middle  third  of  the  thigh  on  the 
inner  side.  It  supplies  the  skin  of  the  lower  half  of  the  thigh  on  the  inner  side, 
extending  as  low  as  the  knee,  where  it  joins  in  the  formation  of  the  patellar  plexus. 

The  lower  or  internal  branch  represents  the  termination  of  the  nerve.  It  passes 
down  the  inner  side  of  the  thigh  over  the  sartorius  muscle,  and  communicates  in 
the  middle  third  of  the  thigh  with  the  internal  saphenous  and  obturator  nerves  to 
form  the  x)bturator  plexus.  Piercing  the  fascia  lata  on  the  inner  side  of  the  thigh 
in  the  lower  third,  it  ramifies  over  the  inner  side  of  the  knee,  and  assists  in  the 
formation  of  the  patellar  plexus. 

The  size  of  the  internal  cutaneous  nerve  varies  with  the  size  of  the  cutaneous 
part  of  the  obturator,  and  of  the  internal  saphenous  nerve. 

The  long  or  internal  saphenons  nerve  (n.  saphenus)  may  be  regarded  as  the 
terminal  branch  of  the  anterior  crural  nerve.  It  is  destined  for  the  skin  of  the  1^ 
and  foot.  From  its  origin  in  Scarpa's  triangle  it  descends  alongside  the  femoral 
vessels  to  Hunter's  canal.  In  the  canal  it  crosses  over  the  femoral  sheath  from 
without  inwards.  At  the  lower  end  of  the  canal,  accompanied  by  the  superficial 
branch  of  the  anastomotic  artery,  it  passes  over  the  tendon  of  the  adductor  magnus, 
and  opposite  the  inner  side  of  the  knee-joint  becomes  cutaneous  by  passing  between 
the  sartorius  and  gracilis  muscles.  The  nerve  then  extends  down  the  leg  along 
with  the  internal  saphenous  vein,  and  coursing  over  the  front  of  the  inner  ankle  it 
terminates  at  the  middle  of  the  inner  border  of  the  foot. 

Branches. — 1.  A  communicating  branch  arises  in  Hunter's  canal,  and  passing 
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inwards  beneath  the  sartorius  joins  with  branches  of  the  obturator  nerve  in  forming 
the  obturator  plexus. 

2.  The  patellar  branch  arises  at  the  lower  end  of  Hunter's  canal,  and  piercing  the 
sartorius  muscle  is  directed  downwards  and  forwards  below  the  patella,  and  over 
the  inner  tuberosity  of  the  tibia  to  the  front  of  the  knee  and  upper  part  of  the 
leg.     It  enters  into  the  formation  of  the  patellar  plexus. 

3.  An  aiticiilar  branch  sometimes  arises  from  the  nerve  at  the  inner  side  of  the  knee. 

4.  The  terminal  faranches  of  the  internal  saphenous  nerve  are  distributed  to  the 
skin  of  the  front  and  inner  side  of  the  leg,  and  the  posterior  half  of  the  dorsum 
and  inner  side  of  the  foot. 

Patellar  plexus. — This  plexus  consists  of  fine  communications  beneath  the 
skin  in  front  of  the  knee,  between  the  branches  of  the  cutaneous  nerves  supplying 
that  region.  The  nerves  which  enter  into  its  formation  are  the  patellar  branch  of 
the  internal  saphenous,  internal  and  middle  cutaneous  nerves,  and  sometimes  the  I 

external  cutaneous  nerve.  ' 

I 

The  accessory  obtnratcr  nerve  (n.  obturatorius  acceseoriua,  n.  acceflsoritDB  anterioriB  cruraliB  { 

Winfllow)  is  only  occaBionally  present  (29  per  cent,  Eisler).  It  arises  from  the  third,  or  third  and 
fourth  lumbar  nerves,  between  the  roots  of  the  obturator  and  anterior  crural  nerves.    Associating  i 

itself  with  the  obturator,  from  which,  however,  it  is  quite  separable,  it  appears  in  the  abdomen  | 

at  the  inner  side  of  the  psoas  muscle,  and  coursing  over  the  pelvic  brim  benind  the  external  iliac  ! 

vessels,  it  leaves  the  obturator  nerve,  and  enters  the  thigh  in  front  of  the  pubia 

In  the  thigh,  behind  the  femoral  vessels,  it  usually  ends  in  three  branches :  a  nerve  which  ' 

replaces  the  branch  from  the  anterior  crural  to  the  pectineus,  a  nerve  to  the  hip-joint,  and  a  | 

nerve  which  communicates  iiidth  the  superficial  part  of  the  obturator  nerve.  In  some  cases  it 
only  supplies  the  nerve  to  the  pectineus ;  more  rarely  it  is  of  considerable  size,  and  reinforces  the 
obturator  nerve  in  the  innervation  of  the  adductor  muscles. 

The  accessory  obturator  nerve  was  first  described  by  Winslow  as  the  n.  accetiorius  anterioris 
cruralis,  Schmidt  later  described  it  in  great  detail,  and  gave  it  the  name  it  now  bears.  It  is 
more  closely  associated  with  the  anterior  crural  than  with  the  obturator.  Its  origin  is  behind 
the  roots  of  the  obturator :  it  ia  separated,  like  the  anterior  crural,  from  the  obturator  by  the 
pubic  bone,  and  its  chief  branch,  to  the  pectineus  muscle,  replaces  the  normal  branch  from  the 
anterior  crural  nerve.  On  the  other  hand,  for  a  part  of  its  course  it  accompanies  the  obturator, 
and  in  rare  cases  it  may  replace  branches  of  that  nerva 

THE  SACRAL  OR  SCIATIC  PLEXUS. 

The  sacral  or  sciatic  portion  of  the  lumbo-sacral  plexus  is  destined  almost 
entirely  for  the  lower  limb.  It  is  usually  formed  by  the  anterior  primary  divisions 
of  a  part  of  the  fourth  lumbar  nerve  (n.  furcalis),  the  fifth  lumbar,  the  first,  and 
parts  of  the  second,  and  third  ^cral  nerves  (n.  bigeminus). 

Communications  with  the  Sympathetic. — Each  of  the  nerves  named  is  connected 
to  the  lumbar  or  pelvic  sympathetic  by  gray  rami  communicantesy  as  already  described  ; 
and  white  rami  communicantes  pass  usually  from  the  third  and  usually  also  from  the 
second  or  fourth  sacral  nerves  to  join  the  pelvic  plexus  of  the  sympathetic. 

Position  and  Constitution. — The  plexus  is  placed  on  the  back  wall  of  the 
pelvis  between  the  parietal  pelvic  fascia  and  the  pyriformis  muscle.  In  front  of  it 
are  the  pelvic  colon,  the  internal  iliac  vessels,  and  the  ureter. 

The  plexus  is  constituted  by  the  convergence  of  the  nerves  concerned  towards 
the  lower  part  of  the  great  sacro-sciatic  foramen,  and  their  union  to  form  a  broad 
triangular  band,  the  apex  of  which  is  continued  through  the  great  sacro-sciatic 
foramen  below  the  pyriformis  muscle  into  the  buttock,  as  the  great  sciatic  nerve. 
From  the  anterior  and  posterior  surfaces  of  this  triangular  band  numerous  small 
branches  arise,  which  are  distributed  to  the  parts  in  the  neighbourhood  of  the 
origin  of  the  nerve. 

The  great  sciatic  nerve  ends  in  the  thigh  by  dividing  into  two  large  nerves,  the 
tibial  (internal  popliteal),  and  peroneal  (external  popliteal).  In  many  cases  these 
two  nerves  are  distinct  from  their  origin,  and  are  separated  sometimes  by  fibres 
of  the  pyriformis  muscle.  In  all  cases  on  removal  of  the  sheath  investing  the 
great  sciatic  nerve  the  tibial  and  peroneal  nerves  can  be  traced  up  to  the  plexus, 
from  which  they  invariably  take  origin  by  distinct  and  separate  roots. 

The  descenchng  branch  of  the  fourth  lumbar  nerve  (n.  furcalis)  after  emergiDg 
from  the  inuer  border  of  the  psoas  muscle  internal  to  the  obturator  nerve,  divides 
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behind  the  iliac  vessels  into  anterior  and  posterior  (ventral  and  dorsal)  parts,  each 
of  which  joins  a  corresponding  part  of  the  fifth  lumbar  nerve.  The  anterior 
primary  division  of  the  fifth  lumbar  nerve  descends  over  the  ala  of  the  sacrum,  and 
divides  into  anterior  and  posterior  parts,  which  are  joined  hj  the  corresponding  parts 
of  the  fourth  lumbar  nerve.  The  two  resulting  trunks  are  sometimes  called  the 
lumbo-sacral  cord.  The  first  and  second  sacral  nerves  pass  almost  horizontally  out* 
wards  from  the  anterior  sacral  foramina,  and  divide  in  front  of  the  pyriformis  into 
similar  anterior  and  posterior  parts.  The  third  sacral  nerve  (n.  bigeminus)  divides 
into  upper  and  lower  parts.  The  lower  part  is  concerned  in  forming  the  pudendal 
plexua  The  upper  part  is  directed  outwards,  and  slightly  upward,  towards  the 
preceding  nerve,  and  does  not  separate  into  two  parts,  but  remains  undivided. 

These  trunks  combine  to  form  the  sciatic  or  saciul  plexus,  and  its  main  sub- 
divisions, in  the  following  way.  Lying  in  apposition,  and  converging  to  the  lower 
part  of  the  great  sacro-sciatic  foramen,  the  posterior  (dorsal)  trunks  of  the  fourth  and 
fifth  lumbar  nerves  (lumbo-sacral  cord),  and  of  the  first  and  second  sacral  nerves, 
combine  to  form  the  peroneal  nerve  and  the  subordinate  nerves  which  arise  from  the 
posterior  aspect  of  the  plexus.  The  anterior  (ventral)  trunks  of  the  fourth  and  fifth 
lumbar  nerves  (lumbo-sacral  cord),  and  of  the  first  and  second  sacral  nerves,  together 
with  that  part  of  the  third  sacral  nerve  which  is  contributed  to  the  plexus,  unite  to 
form  the  tibial  nerve  and  the  subordinate  nerves  arising  from  the  front  of  the  plexus. 

Of  these  nerves  the  fifth  lumbar  and  first  sacral  are  the  largest ;  the  others 
diminishing  in  size  as  they  are  traced  upwards  and  downwards.  There  is  no 
distinct  demarcation  between  the  sacral  and  pudendal  plexuses.  The  second  and 
third  sacral  nerves  (and  in  some  cases  the  first  sacral  also)  are  concerned  in  the 
formation  of  both  plexusea 

Branches. — The  nerves  of  distribution  derived  from  the  sacral  plexus  are 
divided  according  to  their  origin  into  an  anterior  (ventral)  and  a  posterior  (dorsal) 
series.  Each  set  comprises  one  of  the  two  essential  terminal  parts — peroneal  and 
tibial  nerves — of  the  great  sciatic,  and  numerous  smaller  collateral  branches. 

Anterior  Branches.  Posterior  Branches. 

Tibial  (internal  popliteal)  nerve  Peroneal  (external  popliteal)  nerve 

Muscular  branches —  Muscular  branches — 

Nerves  to  hamstring  muscles  Nerves  to  short  head  of  biceps 

„         quadratus  femoris  „         pyriformis 

„         gemelli  Superior  gluteal  nerve 

„         obturator  intemus  Inferior  gluteal  nerve 

Articular  branches  (to  hip-joint)  Articular  branches  (to  knee-joint) 

Great  Sciatic  Nervb. 

The  great  sciatic  nerve  (n.  ischiadicus). — It  has  already  been  shown  how 
this  nerve  is  formed.     It  comprises  the  two  main  nerves  of  the  sacral  plexus,  bound 
together  by  an  investing  sheath,  which  contains,  in  addition  to  the  peroneal  and 
tibial  nerves,  a  subordinate  branch  of  each,  the  nerve  to  the  hamstring  muscles, 
from  the  tibial,  and  the  nerve  to  the  short  head  of  the  biceps  flexor  cruris,  from 
the  peroneal  nerve.     A  thick  band  about  half  an  inch  in  breadth  is  formed,  con- 
sisting from  within  outwards  of  (1)  nerves  to  the  hamstring  musdeB,  (2)  tibial 
(internal  popliteal),  (3)  peroneal  (external  popliteal),  (4)  nerve  to  the  short  head  of  the 
biceps  muscle.     The  great  sciatic  nerve  extends  through  the  buttock  and  the  back 
of  the  thigh.     Forming  a  continuation  of  the  sacral  plexus,  it  enters  the  buttock 
by  passing  through  the  great  sacro-sciatio  foramen,  in  the  interval  between  the 
pyriformis  and  superior  gemellus.     Concealed  by  the  gluteus  maximus  muscle,  it 
passes  downwards  to  the  thigh,  accompanied  by  the  sciatic  artery,  and  the  arteria 
comes  nervi  ischiadici.     It  lies  in  the  hollow  between  the  great  trochanter  of  the 
femur  and  the  tuberosity  of  the  ischium,  and  enters  the  thigh  beneath  the  fold  of  the 
nates  at  the  lower  border  of  the  gluteus  maximus.    At  this  spot  it  is  comparatively 
superficial,  lying  in  the  angle  between  the  edge  of  the  gluteus  maximus  above  and 
externally,  and  the  origins  of  the  hamstring  muscles  internally.     In  the  thigh  it 
is  placed   upon   the  adductor  magnus   beneath   the   hamstring  muscles,  and  it 
terminates  at  a  variable  point  by  dividing  into  the  tibial  and  peroneal  nerves.    As 
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already  stated,  these  two  nerves  may  be  separate  from  their  origins,  and  their 
eepaiation  may  occur  at  any  point  between  the  great  sacro-sciatic  foramen  and  the 
upper  part  of  the  popliteal  space. 

The  Nerves  of  Distribution  from  the  Sacral  Plexus. 

These  are  divisible  into  two  series — collateral  and  terminal  branches.  Each 
subdivision  consists  of  a  series  of  anterior  (ventral)  and  posterior  (dorsal)  trunks. 

Collateral  Branches. — The  anterior  bran^ches  are  (a)  muscular  branches  (to  the 
quadratus  femoris,  gemelli,  obturator  internus,  and  hamstring  muscles);  and  (b) 
articular  branches  (to  the  hip -joint).  These  nerves  all  arise  from  the  anterior 
aspect  of  the  sacral  plexus. 

The  nerve  to  the  quadratus  femoris  (and  inferior  gemellus)  arises  from  the 
front  of  the  fourth  and  fifth  lumbar  and  first  sacral  nerves.  It  passes  downwards 
over  the  back  of  the  capsule  of  the  hip-joint  (to  which  it  sends  a  fine  branch)  beneath 
the  sacral  plexus,  gemelli,  and  obturator  internus  muscles.  It  supplies  a  nerve  to 
the  inferior  gemellus,  and  terminates  in  the  deep  surfcuse  of  the  quadratus  femoris. 

The  nerve  to  the  obturator  internus  (and  superior  gemellus)  arises  from  the 
anterior  aspect  of  the  fifth  lumbar  and  first  two  sacral  nerves.  In  the  buttock  it 
lies  below  the  great  sciatic  nerve  on  the  outer  side  of  the  pudic  vessels ;  crossing 
the  ischial  spine,  it  enters  the  ischio-rectal  fossa  through  the  lesser  sciatic  foramen. 
The  nerve  supplies  in  the  buttock  a  branch  to  the  superior  gemellus,  and  terminates 
by  entering  the  pelvic  surface  of  the  obturator  internus. 

The  nerve  to  the  hamstring  muscles  forms  the  innermost  part  of  the  great 
sciatic  trunk  in  the  lower  part  of  the  buttock.  It  arises  from  all  the  roots  of  the 
tibial  nerve  on  their  anterior  aspect,  viz.,  from  the  fourth  and  fifth  lumbar  and 
the  first  three  sacral  nerves.  These  roots  unite  to  form  a  cord  which  is  closely 
associated  with  the  tibial  nerve  and  is  placed  in  front  of  and  afterwards  on  its 
inner  side.  Extending  into  the  thigh,  the  trunk  is  distributed  to  the  hamstring 
muscles  by  means  of  two  sets  of  branches.  Just  below  the  level  of  the  ischial 
tuberosity  an  upper  set  of  nerves  passes  inwards  to  enter  the  upper  part  of  the 
semi-tendinosus  and  the  ischial  head  of  the  bicep&  Lower  down  in  the  thigh  the 
remaining  portion  of  the  nerve  separates  off  from  the  great  sciatic  (tibial)  trunk 
and  supplies  branches  to  the  semi-membranosus,  the  lower  part  of  the  semi-tendi- 
noeus,  and  the  adductor  magnus. 

Articular  branches  for  the  hip-joint-  arise  from  the  nerve  to  the  quadratus 
femoris,  and  often  directly  from  the  front  of  the  great  sciatic  (tibial)  nerve  near  its 
origin.     They  enter  the  back  of  the  capsule  of  the  joint  in  the  region  of  the  buttock. 

The  posterior  branches  are :  (a)  muscular  branches,  viz.  a  nerve  to  the  pyriformis, 
the  superior  gluteal  nerve,  the  inferior  gluteal  nerve,  and  a  nerve  to  the  short  head 
of  the  biceps ;  (b)  articular  branches  (to  the  knee-joint). 

These  nerves  all  arise  from  the  posterior  aspect  of  those  roots  of  the  sacral 
plexus,  which  are  associated  with  the  origin  of  the  peroneal  nerve. 

The  nerve  to  the  pyriformis  muscle  may  be  double.  It  arises  from  the  back 
of  the  second,  or  first  and  second  sacral  nerves,  and  at  once  enters  the  anterior 
surface  of  the  muscle. 

The  superior  gluteal  nerve  (n.  glutseus  superior)  arises  from  the  back  of  the 
fourth  and  fifth  lumbar  and  first  sacral  nerves,  and  is  directed  backwards  and 
outwards  into  the  buttock,  above  the  pyriformis  muscle,  along  with  the  gluteal 
artery.  Under  cover  of  the  gluteus  maximus  and  gluteus  medius,  it  extends 
outwards  over  the  gluteus  minimus,  along  with  the  inferior  part  of  the  deep  gluteal 
artery,  to  the  under  surface  of  the  tensor  vaginae  femoris,  in  which  it  enda  On 
its  way  it  supplies  branches  to  the  gluteus  medius  and  gluteus  minimus. 

The  inferior  gluteal  nerve  (n.  glutseus  inferior)  arises  from  the  back  of  the  fifth 
lumbar  and  first  two  sacral  nerves.  It  appears  in  the  buttock  at  the  lower  border 
of  the  pyriformis  muscle,  superficial  to  the  great  sciatic  nerve,  and  at  once  breaks 
up  into  a  number  of  branches  for  the  supply  of  the  gluteus  maximus.  In  its  course 
in  the  buttock  it  is  closely  associated  with  the  small  sciatic  nerve.  Its  origin  is 
sometimes  combined  with  that  of  the  following  nerve. 

The  nerve  to  the  short  head  of  the  biceps  springs  from  the  outer  side  of  the 


MUSCULO-CUTANEOUS  NEEVE. 


651 


the  origin  of  the  peroneus  longus  and  the  extensor  longus  digitorum  muscles,  it 
divides  below  the  outer  tuberosity  of  the  tibia  into  branches  which  supply  the  upper 
fibres  of  the  tibialis  anticus  muscle,  the  tibio-fibular  articulation,  and  the  knee-joint. 

Akterior  Tibial  Nerve. 

The  anterior  tibial  nerve  (n.  peronseus  profundus)  passes  downwards  and  in- 
wards, beneath  the  peroneus  longus,  extensor  longus  digitorum,  and  extensor  proprius 
hallucis  muscles,  to  the  front  of  the  leg.  In  its  course  down  the  leg  it  is  deeply 
placed  upon  the  interosseous  membrane  and  the  lower  part  of  the  tibia,  in  company 
with  the  anterior  tibial  artery.  At  the  ankle  it  lies  beneath  the  anterior  annular 
ligament  and  the  tendon  of  the  extensor  proprius  hallucis,  and  crossing  over  the 
ankle-joint,  it  divides  on  the  dorsum  of  the  foot  into  its  terminal  branches. 

1.  Collateral  Branches  (in  the  leg). — These  are  given  off  to  the  muscles  between 
which  the  anterior  tibial  nerve  passes :  tibialis  anticus,  extensor  proprius  hallucis, 
extensor  longus  digitorum,  and  peroneus  tertius.  A  fine  articular  branch  supplies 
the  ankle-joint. 

2.  Terminal  Branches  (on  the  foot). — The  terminal  branches  are  internal  and 
external  The  internal  branch  passes  along  the  dorsum  of  the  foot  on  the  outer 
side  of  the  dorsalis  pedis  artery  to  the  first  interosseous  space,  where  it  divides  into 
two  dorsal  digital  branches  for  the  supply  of  the  skin  of  the  outer  side  of  the  great 
toe  and  the  inner  side  of  the  second  toe.  Each  of  these 
branches  communicates  with  branches  of  the  musculo- 
cutaneous nerve.  It  gives  o&  one  or  two  dorsal  inter- 
osseous branches,  which  supply  the  inner  tarso-metatarsal 
and  metatarso-phalangeal  articulations,  and  also  enter  the 
first  dorsal  interosseous  muscle. 

The  external  branch  passes  outwards  over  the  tarsus 
beneath  the  extensor  brevis  digitorum,  and  ends  in  a 
gangliform  enlargement  (similar  to  the  gangliform  enlarge- 
ment on  the  posterior  interosseous  nerve  at  the  back  of  the 
wrist).  From  this  enlargement  muscular  branches  arise 
for  the  supply  of  the  extensor  brevis  digitorum,  along  with 
branches  for  the  tarsal,  tarso-metatarsal,  and  metatarso- 
phalangeal articulations.  Its  dorsal  interosseous  branches 
may  be  as  many  as  four  in  number.  Of  these  the  outer  two, 
extremely  small,  may  only  reach  the  tarso-metatarsal 
articulations.  The  inner  two  are  fine  branches,  which, 
besides  supplying  the  articulations,  may  give  branches  to 
the  second  and  third  dorsal  interosseous  muscles. 

The  branches  from  the  anterior  tibial  nerve  to  the 
interosseous  muscles  are  probably  sensory,  the  motor  supply 
of  these  muscles  being  certainly  derived  from  the  external 
plantar  nerve. 

MUSCULO-CUTANEOUS   NeRVB. 

The  musctdo-cutaneous  nerve  (n.  peronseus  super-  fio.  508.— distribution  of 
ficialis),  the  last  of  the  branches  of  the  peroneal  nerve,  Cutanbous  Nbrvbs  on 
passes  below  the  head  of  the  fibula  and  beneath  the  upper  p^oT.  ^^^^  ^^  ^^^ 
fibres  of  the  peroneus  longus  muscle.  Lying  in  a  sheath  in  i  g^  internal  saphenous  nerve ; 
the  intermuscular  septum,  between  the  peronei  externally  m.c,  MuscqIo  •  cutaneous 
and  the  extensor  longus  digitorum  internally,  it  proceeds 
downwards  in  front  of  the  fibula  to  the  lower  third  of 
the  leg,  where  it  pierces  the  deep  fascia  in  two  branches, 
internal  and  external. 

Its  branches  are :  (1)  collateral  muscular  branches  dis- 
tributed to  the  peroneus  longus  and  peroneus  brevis,  as  the  nerve  lies  in  relation 
to  these  muscles ;  (2)  terminal  cutaneous  branches,  internal  and  external. 

The  internal  temdnal  branch  courses  downwards  over  the  anterior  annular  liga- 


nerve  ;  A.T,  Anterior  tibial 
nerve ;  E.S^  External  sa- 
phenous nerve.  The  ex- 
tremities of  the  toes  are 
supplied  by  the  plantar 
nerves  (I.P,E.P). 
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ment  of  the  ankle,  and  after  supplying  ofifsets  to  the  lower  third  of  the  leg  and  dorsum 
of  the  foot,  divides  into  three  branches.  (1)  The  internal  branch  supplies  the  skin 
of  the  dorsum  of  the  foot  and  the  inner  side  of  the  great  toe,  and  communicates 
with  the  internal  saphenous  nerve.  (2)  The  intermediate  branch  passes  to  the 
interval  between  the  great  toe  and  the  second,  and  divides  into  two  branches  which 
communicate  with  the  internal  branch  of  the  anterior  tibial  nerve.  (3)  The 
external  branch  passes  to  the  interval  between  the  second  and  third  toes,  and 
divides  into  two  (Ugital  branches  to  supply  the  adjacent  sides  of  these  toes. 

The  external  terminal  branch  of  the  nerve  descends  over  the  anterior  annular 
ligament,  and  after  supplying  branches  to  the  lower  part  of  the  leg  and  the 
dorsum  of  the  foot,  divides  into  two  parts,  internal  and  external,  which,  passing  to 
the  intervals  between  the  third  and  fourth,  and  fourth  and  fifth  toes  respectively, 
divide  into  dorsal  digital  branches  for  the  adjacent  sides  of  these  toes.  These 
branches  communicate  with  offsets  of  the  external  saphenous  nerve. 

The  arrangement  of  the  cutaneous  branches  of  the  musculo-cutaneous  is  liable  to  considerable 
variation.  The  outer  division  of  the  nerve  may  be  increased  in  size,  and  may  supply  the  nerve 
to  the  adjacent  sides  of  the  second  and  third  toes ;  or  in  other  cases,  it  may  be  reduced  'in  size,  in 
which  case  the  external  saphenous  nerve  takes  its  place  on  the  dorsum  of  the  foot,  often  supplying 
as  many  as  two  and  a  half  toes  on  the  outer  side. 

The  cutaneous  nerves  on  the  dorsum  of  the  toes  from  the  anterior  tibial  and  musculo-cutaneouB 
nerves  are  much  smaller  than  the  corresponding  plantar  digital  nerves.  They  are  reinforced  on 
the  dorsum  of  the  terminal  phalanges  by  twigs  from  the  plantar  nerves,  which  supply  the  tips  of 
the  toes  and  the  nails. 

Tibial  Nbrvb. 

The  tibial  or  internal  popliteal  nerve  (n.  tibialis)  arises  from  the  front  of 
the  sacral  plexus,  usually  from  the  fourth  and  fifth  lumbar  and  first  three  sacral 
nerves  (Fig.  511,  p.  656).  It  is  incorporated  in  the  great  sciatic  trunk  in  the 
buttock  and  upper  part  of  the  thigh.  At  the  bifurcation  of  the  great  sciatic  nene 
it  passes  onwards  through  the  popliteal  space  and  the  back  of  the  leg.  The  part 
of  the  nerve  from  its  origin  from  the  plexus  or  the  bifurcation  of  the  great  sciatic 
nerve  to  the  lower  bolder  of  the  popliteus  muscle,  is  sometimes  called  internal 
popliteal;  the  part  of  the  nerve  in  the  back  of  the  leg  being  then  designated 
posterior  tibial.  The  course  of  the  nerve  through  the  buttock  and  thigh  has  already 
been  described  (p.  648).  In  the  popliteal  space  it  is  concealed  at  first  by  the 
semi-membranosus  and  other  hamstring  muscles.  It  crosses  the  popliteal  vessels 
from  without  inwards,  and  is  thereafter  found  upon  the  popliteus  muscle,  under 
cover  of  the  gastrocnemius  and  plantaris.  In  the  back  of  the  leg,  from  the  lower 
border  of  the  popliteus  nmscle  to  the  ankle,  the  tibial  (or  posterior  tibial)  nerve 
lies  on  the  tibialis  posticus  muscle  and  the  tibia,  and,  along  with  the  posterior 
tibial  vessels,  occupies  a  sheath  in  the  intermuscular  septum  separating  the  super- 
ficial and  deep  muscles  of  the  back  of  the  leg.  In  the  upper  part  of  the  leg  the 
nerve  is  internal  to  the  vessels,  but,  crossing  over  them,  it  lies  on  their  outer  side 
in  the  lower  portion  of  its  course.  It  terminates  beneath  the  internal  annular 
ligament  by  dividing  into  the  external  and  internal  plantar  nervea 

The  collateral  branches  may  be  divided  into  three  series  arising  respectively 
in  the  region  of  the  thigh,  the  popliteal  space,  and  the  back  of  the  leg : — 

(a)  Branches  arising  from  the  Roots  or  Trunk  cf  the  Nerve  while  it  is  incor- 
porated with  the  Great  Sciatic  Nerve. — These  hare  been  already  described,  viz. 
miiflcnlar  branches  to  the  quadratus  femoris,  gemelli,  obturator  internus,  and  the 
hamstring  muscles,  and  an  articular  branch  to  the  hip-joint  (Fig.  511,  p.  656). 

(b)  Branches  arising  in  the  Popliteal  Space  above  the  Knee-Joint — These  are 
in  three  sets — articular,  muscular,  cutaneous. 

1.  The  articular  branches  are  slender  nerves,  variable  in  number.  There  are 
usually  two,  an  azygos  branch  which  pierces  the  posterior  ligament  of  the  knee- 
joint,  and  an  internal  branch,  a  long  fine  nerve  which,  crossing  the  popliteal  vessels, 
descends  on  the  inner  side  of  the  space  to  accompany  the  lower  internal  articular 
artery  to  the  knee-joint.  In  its  course  it  gives  off  a  branch,  often  absent,  which 
accompanies  the  upper  internal  articular  artery. 

2.  The  muBcular  branches  are  five  in  number.  Nerves  for  the  two  heads  of  the 
gastrocnemius,  and  the  plantaris  enter  these  muscles  at  the  borders  of  the  popliteal 
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space.  A  nerve  for  the  soleus  enters  the  superficial  surface  of  the  muscle.  A 
nerve  for  the  popliteus  muscle  passes  over  the  surface  of  that  muscle,  and  after 
winding  round  its  lower  border,  supplies  it  on  its  deep  (anterior)  surface.  As  this 
nerve  passes  beneath  the  popliteus  it  supplies  branches 
to  the  tibialis  posticus  muscle,  an  interosseous  branch 
for  the  interosseous  membrane,  which  can  be  traced  as 
far  as  the  lower  tibio-fibukr  articulation,  an  articular 
branch  for  the  upper  tibio-fibular  joint,  and  a  medullary 
branch  for  the  shaft  of  the  tibia. 

3.  The  cutaneous  branch  is  the  tibial  commnmcating 
nerve  (n.  communicans  tibialis,  n.  cutaneus  surse 
medialis).  This  nerve  passes  from  the  popliteal  space 
in  the  groove  between  the  two  heads  of  the  gastro- 
cnemius muscle,  and  afterwards  lies  upon  the  tendo 
achillis.  It  pierces  the  deep  fascia  in  the  middle  third 
of  the  back  of  the  leg,  and  is  joined  ^i^^^^^^t^ly 
afterwards  by  the  peroneal  communicating  nerve 
from  the  peroneal  nerve.  From  their  union  the 
external  or  short  saphenous  nerve  results,  which 
reaches  the  foot,  winding  round  the  back  of  the 
external  malleolus  along  with  the  external  saphenous 
vein.  The  external  saphenous  nerve  supplies  cuta- 
neous branches  to  the  outer  side  and  back  of  the 
lower  third  of  the  leg,  the  ankle  and  heel,  and  the 
outer  side  of  the  foot  and  little  toe,  as  well  as  ar- 
ticular branches  to  the  ankle  and  tarsal  joints. 

The  external  saphenous  nerve  communicates  on  the 
foot  with  the  muscido-cutaneous  nerve,  and  its  size  varies 
with  the  size  of  that  nerve.  It  may  extend  on  to  the 
dorsum  of  the  foot  for  a  considerable  distance,  and  may 
either  reinforce  or  replace  the  branches  of  the  musculo- 
cutaneous nerve  to  the  intervals  between  the  fourth  and 
fifth  and  the  third  and  fourth  toes.  The  mode  of  forma- 
tion of  the  external  saphenous  nerve  is  very  variable.  The 
usual  arrangement  is  that  described.  Frequently  the 
peroneal  and  tibial  communicating  nerves  do  not  unite, 
and  in  such  cases  the  more  usual  arrangement  is  for  the 
tibial  communicating  nerve  to  form  alone  the  external 
saphenous  nerve,  the  peroneal  communicating  nerve  ex> 
tending  only  to  the  ankle  and  heel.  It  is  less  usual  for 
the  peroneal  communicating  nerve  to  form  alone  the  ex- 
ternal saphenous  nerve,  the  tibial  communicating  nerve  in 
these  cases  ending  at  the  heel. 

(c)  Branches  arising  in  the  Back  of  the  Leg  helow 

the  fTnee-Joint.— These  branches  are  mainly  muscular  on  the  one'side'the  distribution  of 
and  cutaneoua 

The  muscular  branches  are  four  in  number,  com- 
prising nerves  to  the  soleus  (entering  its  deep  surface) 
and  tibialis  posticus  often  arising  by  a  common  trunk.  "-LVo^ 'if'^itmw  t^lTS 
and  nerves  to  the  flexor  longus  digitorum  and  flexor      »erve8;i.H,iiio-hypogastric;T.i2, 
longus  hallucis,  the    latter   generally  accompanying 
the  peroneal  artery  for  some  distance. 

The  cutaneous  branch  is  the  internal  calcanean  nerve 
(rr.  calcanei  mediates),  which  pierces  the  internal 
annular  ligament,  and  is  distributed  to  the  skin  of 
the  heel  and  back  part  of  the  sole  of  the  foot. 


Fio.  609. — Distribution  of  Cuta- 
neous Nbrybs  on  the  Back  of 
THE  Lower  Limb. 


the  several  nerves  is  represented, 
the  letters  indicating  their  nomen- 
clature. 


Lateral  and  posterior  branches  of 
last  thoracic  nerve ;  A.Co^  Posterior 
sacro-coccygeal  nerve  ;  A.Co*,  An- 
terior sacro-coccygeal  nerve ;  Pbrf, 
Perforating  cutuieous  nerve  ;  B.Sc, 
Small  sciatic  ;  E.C,  External  cuta- 
neous ;  Obt,  Obturator;  LC,  In- 
ternal  cutaneous  ;    E.  P.  S,    Sural 


branches  of  peroneal  ;  I.S,  Internal 
saphenous  ;  E.S,  External  saphenous  ;  M.C,  Musculo-cutaneous ;  Calo,  Calcanean  branch  of  posterior 
tibial ;  I.P,  Internal  plantar ;  E.P,  External  plantar  nerve. 
On  the  other  side  a  schematic  representation  is  given  of  the  areas  supplied  by  the  above  nerves,  the  figures 
indicating  the  spinal  origin  of  the  branches  of  distribution  to  each  area. 
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In  addition  a  medullarj  nerve  to  the  fibula,  and  a  small  articular  branch  tu 
the  ankle-joint,  are  supplied  by  the  posterior  tibial  nerve. 

The  terminal  branches  of  the  tibial  nerve  are  the  internal  and  external 
plantar  nerves. 

Internal  Plantar  Nbrve. 

The  internal  plantar  nerve  (n.  plantaris  medialis)  is  homologous  with  the 
median  nerve  in  the  hand  (Fig.  510,  p.  654).  It  is  rather  larger  than  the  external 
plantar.  It  courses  forwards  in  the  sole  of  the  foot  beneath  the  internal  annular 
ligament  and  abductor  hallucis  to  the  interval  between  that  muscle  and  the  flexor 
brevis  digitorum,  in  company  with  the  internal  plantar  artery. 

The  ooUateral  branches  are  muscular,  cutaneous,  and  articular.  The  muscular 
branches  supply  the  abductor  hallucis  and  the  flexor  brevis  digitorum.  The  plantar 
cutaneous  branches  are  small  twigs  which  pierce  the  plantar  fascia  in  the  interval 
between  these  muscles  to  supply  the  inner  part  of  the  sole  of  the  foot.  The  arti- 
cular  branches  are  minute  twigs  which  supply  the  inner  tarsal  and  tarso-metatarsal 
articulations. 

The  terminal  branches  are  four  in  number,  and  may  be  designated  first, 
second,  third,  and  fourth,  from  within  outwards. 

The  first  (most  internal)  branch  separates  from  the  nerve  before  the  others, 

and  pierces  the  plantar  fascia  behind  the  ball  of  the  great 
toe.  It  supplies  a  muscular  branch  to  the  flexor  brevis 
hallucis,  and  cutaneous  branches  to  the  inner  side  of  the 
foot  and  ball  of  the  great  toe.  It  terminates  as  the 
plantar  digital  nerve  for  the  inner  side  of  the  great  toe. 

The  second  branch  arises  along  with  the  third  and 
fourth;  after  supplying  a  branch  to  the  first  lumbrical 
muscle,  it  becomes  superficial  in  the  interval  between  the 
first  and  second  toes,  and  terminates  by  dividing  into  two 
fTBJMj).  collateral  digital  nerves  for  the  supply  of  the  adjacent  sides 
of  these  toes. 

The  third  and  fourth  branches  are  entirely  cutaneous  in 
their  distribution.  They  become  superficial  in  the  intenals 
between  the  second  and  third  and  the  third  and  fourth 
toes  respectively,  and  there  divide  into  collateral  digital 
branches  for  the  supply  of  the  adjacent  sides  of  these  toes. 
The  plantar  digital  nerves  supply  the  whole  length  of 
the  toes  on  the  plantar  aspect,  and,  in  relation  to  the 
terminal  phalanges,  furnish  minute  dorsal  offsets  for  the 
supply  of  the  nails  and  tips  of  the  toes  on  their  dorsal 
surface.  The  internal  plantar  nerve  thus  supplies  the  skin 
of  the  three  and  a  half  inner  toes  in  the  sole  of  the  foot; 
and  four  muscles : — the  abductor  hallucis  and  flexor  brevis 
digitorum,  the  flexor  brevis  hallucis,  and  the  first  lumbrical 
muscle. 

External  Plantar  Nerve. 
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LPl,  Interoal  plantar  nerve,  and 
its  cutaneous  and  muscular 
branches;  F.B.D,  flexor 
brevis  digitorum  ;  Abd.H, 
Alxluctor  hallucis;  F.B.H, 
Flexor  brevis  hallucis;  L.I, 
First  lumbricalis  ;  E.P1,  Ex 


The  external  plantar  nerve  (n.  plantaris  lateralis^ 

_ ^ ..„,«...,  ^«-  is  homologous  with  the  ulnar  nerve  in  the  hand.     From 

temai  plantar  nerve,  and  its  its   Origin    beneath    the   internal   annular    ligament    it 

cutaneous     and    muscular  extends  forwards  apd  outwards  in  the  sole,  in  company 

Abd.m*d,'  Abductor^mii^^ii  with  the  external  plantar  artery,  l)etween  the  flexor  brevis 

digiti;F.B.M.D,  Flexor  brevis  digitoTum  and  accessorius  musclcs,  towards  the   head  of 

minimi  digiti ;  R.P,  Ramus  ^\^q  fif^h  metatarsal  bone.     Here  it  terminates  by  dividing 

profundus.  .,  n-ijjui. 

*^  into  superficial  and  deep  branches. 

Collateral  Branches. — Muscular  branches  are  given  oflF  from  the  undivided  nerve 
to  the  accessorius  and  abductor  minimi  digiti  musclea  Cutaneous  branches 
pierce  the  plantar  fascia  at  intervals  along  the  line  of  the  intermuscular  septum, 
between  the  flexor  brevis  digitorum  and  abductor  minimi  digiti. 

Terminal  Branches. — The  superficial  branch  (r.  superficialis)  is  mainly  cutaneous. 
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Parssing  forwards  between  the  flexor  brevis  digitorum  and  abductor  minimi  digiti, 
it  divides  into  external  and  internal  parts. 

The  external  branch,  after  supplying  the  flexor  brevis  minimi  digiti  muscle,  and 
sometimes  one  or  both  interossei  of  the  fourth  space,  becomes  superficial  behind 
the  ball  of  the  little  toe,  and  supplies  cutaneous  twigs  to  the  sole  of  the  foot  and  ball 
of  the  toe.     It  terminates  as  the  digital  branch  for  the  outer  side  of  the  little  toe. 

The  internal  branch  passes  forwards  to  the  interval  between  the  fourth  and  fifth 
toes,  where  it  becomes  cutaneous,  and  divides  into  two  collateral  digital  branches  for 
the  supply  of  the  adjacent  sides  of  these  toes.  It  communicates  with  the  fourth 
terminal  branch  of  the  internal  plantar  nerve. 

The  deep  branch  (r.  profundus)  of  the  external  plantar  nerve,  passing  deeply 
along  with  the  external  plantar  artery,  extends  inwards  towards  the  great  toe, 
beneath  the  accessorius  and  adductor  obliquus  hallucis.  It  gives  ofiT  articular 
branches  to  the  tarsal  and  tarso-metatarsal  articulations,  and  muscular  branches 
to  the  interossei  of  each  space  (except  in  some  cases  the  muscles  of  the  fourth 
space) :  to  the  adductor  obliquus  and  adductor  transversus  hallucis,  and  the  outer 
three  lumbrical  muscles.  These  nerves  enter  the  deep  surface  of  the  muscles,  that 
to  the  second  lumbrical  reaching  its  muscle  after  passing  forsvards  beneath  the 
adductor  transversus  hallucis. 

THE  PUDENDAL  PLEXUS. 

The  pudendal  plexus  constitutes  the  third  and  last  subdivision  of  the  lumbo- 
sacral plexus.  It  is  composed  for  the  most  part  of  the  spinal  nerves  below  those 
which  form  the  sacral  plexus ;  but,  as  already  stated,  there  is  no  distinct  point  of 
separation  between  the  two  plexuses.  On  the  contrary,  there  is  considerable  over- 
lapping, so  that  two  and  sometimes  three  of  the  principal  nerves  derived  from  the 
pudendal  plexus  have  their  origin  in  common  with  nerves  of  the  sacral  plexus. 

The  plexus  is  formed  by  fibres  from  the  anterior  primary  divisions  of  the  first 
three  sacral  nerves,  and  by  the  whole  of  the  anterior  primary  divisions  of  the  fourth 
and  fifth  sacral  and  coccygeal  nerves.  The  size  of  the  nerves  diminishes  rapidly 
from  the  first  sacral  to  the  coccygeal,  which  is  extremely  slender. 

Position  BJid  Constitution. — The  plexus  is  formed  on  the  back  wall  of  the 
pelvis.  Of  the  nerves  forming  it,  the  upper  ones  emerge  from  the  anterior  sacral 
foramina ;  the  fifth  sacral  nerve  appears  between  the  last  sacral  and  first  coccygeal 
vertebra;  and  the  coccygeal  nerve  appears  below  the  transverse  process  of  that 
vertebra.     The  nerves  of  distribution  derived  from  the  plexus  are  the  following : — 

1.  Visceral  branches.  4.  Pudic  nerve. 

2.  Small  sciatic  nerve.  5.  Muscular  branches. 

3.  Perforating  cutaneous  nerve.  6.  Sacro-coccygeal  nerve. 

Omitting  the  visceral  branches,  all  the  nerves  are  distributed  to  the  perineum. 
Only  two,  the  small  sciatic  and  perforating  cutaneous  nerv^es,  send  branches  to  the 
lower  limb. 

Visceral  Branches. — like  the  other  spinal  nerves,  the  fourth  and  fifth  sacral 
and  coccygeal  nerves  are  provided  with  fine  gray  rami  communicantes  from 
the  sacral  gangliated  cord,  which  joins  them  after  a  short  course  on  the  front  of 
the  sacrum.  The  third  (along  with  the  second  or  fourth)  sacral  nerve  in  addition 
sends  a  considerable  white  ramus  communicans  or  visceral  branch  inwards  to  the 
pelvic  plexus  and  viscera. 

Small  Sciatic  Nerve  (n.  cutaneus  femoris  posterior). — This  nerve  is  complex 
both  in  origin  and  distribution  (Fig.  511,  p.  656).  Springing  from  the  junction  of 
the  sacral  and  pudendal  plexuses,  it  is  derived  from  the  first  three  or  second  and 
third  sacral  nerves.  It  is  distributed  to  the  lower  limb  and  perineum,  and  is 
associated  with  other  nerves  belonging  to  both  regions.  It  arises  from  the  back  of 
the  roots  of  the  sacral  plexus  in  the  pelvis.  Its  higher  roots  from  the  first  and 
.second  sacral  nerves  are  intimately  associated  with  the  origin  of  the  inferior  gluteal 
nerve ;  its  lowest  root  from  the  third  sacral  nerve  is  associated  with  the  origins  of 
the  perforating  cutaneous  or  pudic  nerve.  It  enters  the  buttock  through  the  great 
sciatic  notch  below  the  pyriformis,  along  with  the  sciatic  artery  and  inferior  gluteal 
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nerve.  Proceeding  downwards  behind  the  great  Boiatio  nerve,  it  enteiB  the  thigh 
at  the  lower  border  of  the  gluteus  maximus  muscle,  where  it  gireB  ofT  considerable 
branches.     Becoming  gradually  smaller  as  it  courses  downwaros  over  the  hamstring 


Fio.  611. — Nehtib  of  the  Luki mi- Sacra l  Pleidb. 
Sy,  Sympathetic  cord;  T.12,  L.1.2,3,  4,5,  S.l,  2,  Z,  i,  5,  fo,  Anterior  primarj" 'tiviiioDS  of  the  Usl  Ihomtic, 
the  lumliar,  sacraJ,  and  coccygeal  iienes  ;  Q,  Nerves  to  quadraliis  lumborem  ;  Ps,  Nen'M  tu  |*ii-- 
luuscle  ;  G.C,  Geuito- crural  nerve  ;  II,  Iliac  brandies  of  laut  llionicic  and  ilio- hypogastric  nervn  ;  Hv, 
Hypognutic  branch  of  ilio- hypogastric  nrrve  ;  I.J,  Ilio-JDguinal  nerve  ;  E.C,  External  cntanMOi  ntr^t : 
A,C,  Anterior  crural  n»rve  ;  Ubl,  Obtutfllor  nerve  ;  P)-,  Norrea  to  pyrifonnia  maicle  ;  O.I,  Kertf  to 
obturator  in1*rnu»  ;  Q.F,  Nerve  to  qnsdralua  feinoria  niuicio ;  Art,  Articular  brwich  ;  S.0,  Superior 
gluteal  nerve  ;  I.G.  Inferiorglulealnerve  ;  P,  Peroneal  perve  ;  Bi.2,  Nenetoshort  heailofbioepjniuick  : 
T,  Tibial  nerve  ;  Art,  Articular  branch  ;  H.9,  Ner\-e  to  tlie  hamatring  musclea  ;  Bi.1,  Nervn  to  Uttff- 
(long  b«ad}.  and  HUl,  to  semi.tendiuoiua  ;  SL2,  Seiui-tendiDoana ;  Bm,  Semi -mam  hnnoaiu :  A.m. 
Adductor  niiguux  ;  S.Sc,  Small  sciatic  nen'e  ;  Perf,  Perforating  cutaneous  nerve  ;  Pad,  Pudic  Duvt ; 
H,  Muscalar  branches  ;  Per,  Perineal  branch  of  fourth  sacral  ;  A.Co,  Anterior  aacro-coccygcal  nem. 
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muscles  to  the  popliteal  space,  it  finally  pierces  the  popliteal  fascia  in  one  or  more 
cutaneous  branches,  which  supply  the  skin  over  the  calf  of  the  leg  for  a  variable 
distance  (Fig.  509,  p.  653). 

Branohes. — The  small  sciatic  is  a  purely  cutaneous  nerve.  It  supplies  branches 
to  the  perineum,  buttock,  thigh,  and  leg. 

The  perineal  branch  (rr.  perinaBales;  inferior  pudendal  nerve;  long  scrotal 
nerve)  arises  from  the  small  sciatic  nerve  at  the  lower  border  of  the  gluteus 
maximus  muscle  (Fig.  512,  p.  658).  It  sweeps  inwards  towards  the  perineum, 
lying  on  the  origin  of  the  hamstring  muscles  below  the  ischial  tuberosity,  and 
becomes  subcutaneous  after  passing  over  the  pubic  arch.  Its  terminal  branches 
supply  the  skin  of  the  scrotum  and  root  of  the  penis,  or  in  the  female  the  labium 
majus  and  clitoris,  some  of  them  being  directed  backwards  towards  the  anus  and 
central  point  of  the  perineum.  They  communicate  with  the  inferior  hsemorrhoidal 
and  perineal  branches  of  the  pudic  nerve,  and  with  the  ilio-inguinal  nerve.  In  its 
course  to  the  perineum  the  nerve  gives  off  collateral  branches  to  the  skin  of  the 
upper  and  inner  part  of  the  thigh. 

The  gluteal  branches  (rr.  clunium  inferiores)  are  large  and  numerous  (Fig. 
509,  p.  653).  They  arise  from  the  small  sciatic  nerve  beneath  the  gluteus 
maximus,  and  become  subcutaneous  by  piercing  the  fascia  lata  at  different  points 
along  its  lower  border.  They  supply  the  skin  of  the  lower  half  of  the  buttock. 
The  outermost  branches,  reaching  to  the  back  of  the  great  trochanter,  overlap  the 
terminal  filaments  of  the  gluteal  branches  of  the  external  cutaneous  nerve,  and  the 
posterior  primary  divisions  of  the  first  three  lumbar  nerves.  The  innermost  branches, 
which  may  pierce  the  great  sacro-sciatic  ligament,  reach  nearly  to  the  coccyx,  and 
are  co-terminous  in  their  distribution  with  the  branches  of  the  perforating  cutaneous 
nerve,  which  they  reinforce  and  not  infrequently  replace. 

The  femoral  branches  are  divisible  into  two  sets — interrial  and  external.  They 
pierce  the  fascia  lata  of  the  thigh  at  intervals,  and  supply  the  skin  of  the  back  of 
the  thigh  on  its  inner  and  outer  sides  respectively. 

The  sural  branches  are  two  or  more  slender  nerves  which  pierce  the  fascia 
over  the  popliteal  space,  and  are  distributed  for  a  variable  extent  to  the  skin  of 
the  back  of  the  leg.  They  may  stop  short  over  the  popliteal  space,  or  may  extend 
as  far  as  the  ankle.  Usually  they  innervate  the  skin  as  far  as  the  middle  of  the 
calf.     They  communicate  with  the  external  saphenous  nerve. 

In  cases  where  the  great  sciatic  nerve  is  naturally  divided  at  its  origin  into  tibial  (internal 
popliteal)  and  peroneal  (external  popliteal)  nerves  (e.g.  by  the  pyriformis  muscle),  the  small 
!«ciatic  nerve  is  also  separated  into  two  parts :  a  dorsal  part,  associated  with  the  peroneal  nerve 
and  arising  in  common  with  the  lower  roots  of  the  inferior  gluteal  nerve  (usually  from  the  first 
and  secona  sacral  nerves),  and  comprising  the  gluteal  and  external  femoral  branches ;  and  a 
ventral  part,  associated  with  the  tibial  nerve  and  arising  usually  from  the  second  and  third 
sacral  nerves,  along  with  the  perforating  cutaneous  and  pudic  nerves,  and  comprising  the 
perineal  and  internal  femoral  branches. 

Perforating  Oiitaneous  Nerve  (n.  perforans  ligamenti  tuberoso  -  sacri 
(Schwalbe),  n.  cutaneus  clunium  inferior  medialis  (Eisler)). — This  nerve  arises 
from  the  back  of  the  second  and  third  sacral  nerves  (Fig.  512,  p.  658).  At  its 
origin  it  is  associated  with  the  lower  roots  of  the  small  sciatic  nerve.  Passing  down- 
wards it  pierces  the  great  sacro-sciatic  ligament,  along  with  the  coccygeal  branch 
of  the  sciatic  artery;  and  after  winding  round  the  lower  border  of  the  gluteus 
maximus  muscle,  or  in  some  cases  piercing  its  lower  fibres,  it  becomes  subcutaneous 
a  little  distance  from  the  coccyx,  and  supplies  the  skin  over  the  lower  part  of  the 
buttock  and  the  inner  part  of  the  fold  of  the  nates. 

The  perforating  cutaneous  nerve  is  not  always  present  In  a  minority  of  cases  it  is  associated 
at  its  origin  with  the  pudic  nerve.  When  absent  as  a  separate  nerve,  its  place  is  taken  by  (1) 
gluteal  branches  of  the  small  sciatic  nerve,  or  (2)  a  branch  from  the  pudic  nerve,  or  (3)  a  small 
ner\'e  (n.  perforans  coccygeus  major,  Eisler),  arising  separately  from  the  back  of  the  third  and 
fourth  sacral  nerves. 

Muscular  Branches. — Between  the  third  and  fourth  sacral  nerves  (occasion- 
ally reinforced  by  the  second,  Eisler)  a  plexiform  loop  is  formed,  from  which 
muscular  nerves  are  given  off  to  the  levator  ani  (supplying  the  muscle  on  its  pelvic 
siu-face),  coccygeus,  and  external  sphincter.    The  nerve  to  the  external  sphincter 
46 
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(perineal  branch  of  fourth  sacral)  pierces  the  great  saero-aciatic  ligament  and  the 
coccygeuB  muscle,  to  which  it  gives  offeeta,  and  appears  in  the  ischio-rectal  fossa 
between  the  gluteus  niaxlmus  and  the  external  sphincter.  Besides  supplying  the 
posterior  tibres  of  the  external  sphincter,  it  distributes  cutaneous  offsets  to  the  skin 
of  the  ischio-rectal  fossa  and  the  fold  uf  the  nates  behind  the  anus.  This  nerve 
replaces  iu  some  instances  the  perforating  cutaneous  nerve. 

Anterior  Sacro-coccygeal  Nerves  (nn.  ano-coccygei). — By  the  union  of  the 
remaining  part  of  the  fourth  with  the  fifth  sacral  and  coccygeal  uerves,  the 
BO'C;illed  coccygeal  plexus  is  formed.  A  tine  descending  branch  of  the  fourth 
sicral  nerve  passes  over  or  through  the  great  sacro-sciatic  ligament,  to  join  the 
fifth  sacral  nerve.  This  fifth  sacral  nerve,  joined  by  the  descendiog  branch  of 
the  fourth,  descends  alongside  the  coccyx  and  is  again  joined  by  the  coccys^eal 
nerve,  so  that  a  plexiform  cord  results,  homolc^ous  with  the  inferior  caudal  trunk 
of  tailed  animals.  Fine  twigs  arise  from  it,  which  pierce  the  sacro-sciatic  ligament 
and  supply  the  skin  in  the  neighbourhood  of  the  coccyx,  internal  to  the  perforatinj,' 
cutaneous  nerves  and  behind  the  anus. 

The  Pudic  Wekvb. 
The  pndic  nerve  (n.  pudendus)  is  the  principal  nerve  for  the  supply  of  the 
perineum.     It  arises  in  the  pelvis  usually  by  three  roots  from  the  second,  third,  and 
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fourth  sacral  nerves  (Fig,  511,  p.  656).  (Frequently  one  of  its  branches,  the  inferior 
hiemorrlioidal  nerve,  arises  independently  from  the  third  and  fourth  sacral  nerves;. 
The  nerve  passes  to  the  buttock  through  the  great  sacro-aciatic  foramen  below  the 
great  sciatic  nerve,  and  lies  on  the  lesser  sauro-sciatic  ligament,  or  the  spine  ol  llie 
ischium,  internal  to  the  internal  pudic  artery.  It  enters  the  perineum  along  with 
the  pudic  artery  through  the  small  sacro-scialic  foramen.  In  the  perineum  it.  i" 
deeply  placed  in  the  outiT  wall  of  the  ischio-rectal  fossa,  enclosed  in  a  8j>«iiil 
sheath  derived  from  the  parietal  pelvic  fascia  covering  the  inner  surface  of  tin- 
obturator  iutcruus  muscle.  At  the  anterior  limit  of  the  ischio-rectal  fossa,  ibt- 
nerve  approaches  the  surface  and  divides  at  the  base  of  the  trianjjular  hgaiueut 
into  its  terminal  branches,  the  perineal  nerve  and  the  dorsal  nerve  of  the  i>eui4 
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The  branchea  of  the  pudic  nerve  are  easentiall^  the  same  in  the  two  sexes.  As 
a  rule  no  branches  are  given  off  till  the  nerve  enters  the  perineum,  but  sometimes 
the  inferior  beemorrhoidil  nerve  has  an  independent  origin  from  the  plexus,  merely 
accompanying  the  pudic  nerve  in  the  first  part  of  its  couree ;  and  in  exceptional 
cases  the  perforating  cutaneous  nerve  of  the  buttock  is  a  branch  of  the  pudic  nerve. 

The  inferior  htemoirhoidal  nerve  (n.  h^morrhoidalis  inferior)  arises  from  the 
pQdic  nerve  under  cover  of  the  gluteus  maximua,  at  the  posterior  part  of  the 
iechio-rectal  fossa.  In  caeea  in  which  it  has  an  independent  origin  from  the  plexus, 
it  arises  from  the  third  and  fourth  sacral  nerves.  It  crosses  the  ischio-rectal  fossa 
in  company  with  the  inferior  hcemorrhoidal  vessels,  and  separates  into  numerous 
branches— muscular,  cutaneous,  and  communicating. 

The  mnBcnUr  In^nclieB  end  in  the  external  sphincter  ani  muBcl&  The  entaneons 
branclwB  supply  tlie  skin  around  the  anus.  The  commtmicating  branches  connect 
the  inferior  hEemorrhoidal  with  three  other  nerves — the  perineal  branches  of  the 
small  sciatic,  pudic,  and  fourth  sacral  nerves. 

The  perineal  nerve  (n.  perineus),  one  of  the  two  terminal  branches  of  the 
pudic  nerve,  arises  near  the  base  of  the  triangular  ligament.  It  ahnost  immediately 
divides  into  two  parts,  superficial  and  deep. 

The  superficial  part  is  purely  cutaneous  and  consists  of  two  nerves,  the  posterior 
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or  external  and  the  anterior  or  internal  superficial  perineal  nerves,  which  pass, 
along  with  the  superficial  perineal  vessels,  to  the  anterior  part  of  the  perineum. 
The  posterior  or  external  anperflci&l  perineal  nerve,  at  the  anterior  limit  of  the  ischio- 
rectal fossa,  usually  paases  over  the  base  of  the  triangular  ligament  and  over  the 
trausversus  perinei  muscle.  The  anterior  or  internal  mperflcial  perineal  nerve,  lying 
more  deeply,  pierces  the  base  of  the  triangular  ligament  and  goes  underneath  or 
through  the  transvetsus  perinei  muscle.  Becoming  superficial  in  the  anterior 
(urethral)  triangle  of  the  perineum,  they  are  distributed  to  the  skin  of  the  scrotum 
(or  labium  majus),  and  communicate  with  the  perineal  branch  of  the  small  sciatic 
nerve  and  with  the  inferior  hemorrhoidal  nerve. 

The  deep  part  of  the  perineal  nerve  is  mainly  but  not  entirely  muscular. 
Coursing  forwards  through  the  anterior  part  of  the  isehio-rectal  foss^,  it  i>aas(!S 
bi'twecn  the  two  layer.^  of  thu  triangular  ligament  towards  the  urethra.  It  supplies 
muscular  branches  to  the  anterior  parts  of  the  levator  ani  aud  external  sphincter, 
to  the  tran^versus  perinei,  erector  penis  (or  clitoridis),  bulbo-cavernosus  (ejaculator 
urinie  or  sphincter  vaginte),  and  compressor  urethr;e.  It  terminates  as  the  nerve 
t")  the  bulb,  which,  piercing  the  triangular  ligament,  enters  the  bulb  of  the  urethra 
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nerves  commenceB  by  means  of  the  outgrowth  of  the  dotsal  and  ventral  rootB  from  the 
medulluy  tube.     The  two  roota  take  origin  in  quite  different  ways. 

The  dorsal  root  is  the  fir«t  to  appetir, — before,  during,  or  after  tbe  union  of  the 
medullary  plates  and  the  formation  of  the  neural  tube.  It  takes  origin  ae  a  cellnlar  bod 
from  the  dorsal  surface  of  the  medullary  tube  in  one  of  tbree  ways : — (1)  It  may  arise 
from  the  junction  of  the  medullary  plate  and  surface  epiblast  before  the  closure  of  the 
medullary  groove.  (2)  It  may  spring  from  tbe  newral  crat,  a  ridge  on  the  dorsal  aspect 
of  tbe  medullary  tube,  after  its  closure  is  complete.  (3)  It  may  J>e  simply  a  direct  out- 
growth from  the  dorsal  surface  of  the  medullary  tube.  Fyriform  in  shape,  the  bud 
ealarges  and  becomes  separated  from  the  medullary  tube,  and  projects  centrally  in  the 
space  between  tbe  myotome  and  the  medullary  tube.  E^h  bud  is  separated  by  only  a 
slight  interval  from  its  neighbour. 

The  cells  (nenrobUsts)  composing  the  bud  become  rapidly  spindle-shaped,  and  by  tbe 
middle  of  the  fourth  week  give  rise  to  two  lett  of  procenet ;  (1)  a  csntoal  Barles,  which 
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D.R,  DofMl  root 
V.R.  VentnJ  root. 
N.T,  Neural  tube. 
No,    Notocliord. 


So,  Somatic  diviiian. 
Vi,  Viic*i»l  branch. 
P,    Potterior  primarr  diviuou. 


AI.C,  Alimratarj  csnal. 

V,        Cardinal  vein. 
U.P,   Muscle  plate. 
D,  E,  FomiHtioa  of  aubordiiu 
bnaches. 


'ormation  at  nerve  trunk  (N). 

D.G,    Dona]  gmoglion. 

8y,      SympnUietic  cord. 

W.D,  WoltEau  dDct 

Co,      Cffiloiu. 
TintioD  of  nerve  trunka  in  relation 

nka  carreapondiug  U>  lateral]  and 
erior  trnnkB  in  D  and  K 


grow  backwards  and  are  secondarily  connected  with  the  dorso-Iateml  aspect  of  the 
medullary  tube  as  the  fibres  of  the  dorsal  root ;  and  (2)  a  peripheral  series,  which  con- 
stitute the  dorsal  root  fibres  of  the  spinal  nerve  and  join  the  ventral  root,  to  form  the 
spinal  nerve  proper.     The  intermediate  cellular  moss  remains  as  the  Spinal  ganglion. 

The  venti'al  root  of  a  spinal  nerve  arises  in  quite  a  different  way,  from  cells  (nenro- 
blasts)  in  the  substance  of  the  medullary  tube.  In  the  account  of  the  development  of  the 
spinal  oord  it  has  been  shown  how  tbe  cellular  constituents  of  the  medullary  tube  are  con- 
verted into  two  classes  of  cells :  (1)  spongioUaats,  which  produce  the  matrix  (neurf>g]ia)  of 
tbe  spinal  cord  ;  and  (2)  germ-cdla  or  nenroblaata,  which  produce  tbe  nerve-cells  of  the 
gray  matter  of  the  cord.     The  neuroblasts  give  rise  to  the  aiie-cylinder  processes  or 
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axons,  which,  penetrating  the  spongy  tissue  of  the  medullary  tube  and  the  outer  limiting 
membrane,  find  their  way  into  the  mesoblastic  tissue  on  the  ventro-lateral  surface  of  the 
tube.  Fibrous  from  their  earliest  origin  and  derived  from  nerve-cells  which  remain  within 
the  medullary  tube,  the  axons  of  which  the  ventral  root  is  composed  become  surrounded  by 
mesoblastic  cells  immediately  on  their  emergence,  which  give  rise  to  the  sheaths  of  the  nerve. 
The  ventral  root  is  a  little  later  in  its  date  of  appearance  than  the  dorsal  root.  It  begins 
to  be  evident  at  the  twenty-fourth  day  and  is  completely  formed  by  the  twenty-eighth  day. 

II.  Formation  of  the  Spinal  Nerve. — The  fibres  of  the  dorsal  root  ganglion  and 
the  ventral  root  grow  by  extension  from  the  cells  with  which  they  are  respectively  con- 
nected, and  meet  in  the  space  between  the  myotome  and  the  side  of  the  medullary  tube 
to  form  the  spinal  nerve.  It  has  been  already  shown  that  in  the  adult  there  is  a  funda- 
mental division  of  the  spinal  nerve  into  posterior  and  anterior  primary  divisions.  In  the 
process  of  development  this  separation  is  even  more  obvious.  As  the  fibres  of  the  dorsal 
and  ventral  roots  approximate,  they  separate  at  the  same  time  each  into  two  unequal 
portions :  the  smaller  parts  of  the  two  roots  unite  together  to  form  the  posterior,  and  the 
larger  parts  unite  to  form  the  anterior  primary  division  of  the  spinal  nerve. 

The  posterior  primary  division,  curving  outwards  and  dorsally,  passes  through  the 
myotome  and  is  connected  with  it.  In  the  substance  of  the  myotome  it  separates  into 
branches  as  it  proceeds  towards  the  dorsal  wall  of  the  embryo.  At  a  later  stage,  the 
branches  are  definitely  arranged  into  an  outer  and  an  inner  set. 

The  anterior  primary  division  grows  gradually  in  a  ventral  direction  to  reach  the 
somato-splanchnopleuric  angle,  under  cover  of  the  growing  myotome.  It  spreads  out  at 
its  distal  end  and  eventually  separates  into  two  portions  :  a  smaller,  splanchnic,  or  visceral; 
and  a  larger,  somatic,  or  parietal  portion.  (1)  The  smaller,  splanchnic,  or  visceral  portion 
grows  inwards,  dorsal  to  the  Wolffian  ridge,  to  be  connected  with  the  sympathetic  cord 
and  the  innervation  of  organs  in  the  splanchnic  area.  This  branch  of  the  spinal  nerve 
becomes  the  white  ramus  communicans  of  the  sympathetic.  It  is  not  present  in  the  case 
of  all  the  spinal  nerves  (cervical,  lower  lumbar,  and  upper  sacral).  It  will  be  referred  to 
again  in  connexion  with  the  sympathetic  system.  (2)  The  larger,  somatic,  or  parietal 
portion  becomes  the  main  part  of  the  anterior  primary  division  of  the  nerve.  It 
continues  the  original  ventral  course  of  the  nerve,  and,  reaching  the  body  wall,  sub- 
divides into  two  terminal  branches — a  lateral  branch,  which  grows  outwards  and  down- 
wards and  reaches  the  lateral  aspect  of  the  trunk,  after  piercing  the  myotome ;  and  a 
ventral  or  anterior  branch,  which  grows  onwards  in  the  body  wall  to  reach  the  ventral 
axis.     This  arrangement  is  met  with  in  the  tnmk  between  the  limbs  and  in  the  neck. 

lit.  Formation  of  Linib-plexuses.-7-The  method  of  growth  of  the  spinal  nerves, 
just  described,  is  modified  in  the  regions  where  the  limbs  are  developed.  In  relation  to 
the  limbs,  which  exist  in  the  form  of  buds  of  cellular  undifierentiated  mesoblast  before 
the  spinal  nerves  have  any  connexion  with  them,  the  development  of  the  nerve  proceeds 
exactly  in  the  way  described  up  to  the  point  of  formation  of  somatic  and  splanchnic 
branches.  The  somatic  branches  then  stream  out  into  the  limb  bud,  passing  into  it 
below  the  ends  of  the  myotomes  and  spreading  out  into  a  bundle  of  fibres  at  the  basal 
attachment  of  the  limb.  Later  on,  the  nerves  separate  each  into  a  pair  of  definite  trunks, 
which  are  named  dorsal  and  ventral,  and  which,  dividing  round  a  central  core  of  meso- 
blast, proceed  to  the  dorsal  and  ventral  surfaces  respectively  of  the  limb  bud.  While  this 
process  is  going  on,  a  secondary  union  takes  place  between  (parts  of)  adjacent  dorsal  and 
ventral  trunks.  Dorsal  trunks  unite  with  dorsal  trunks,  ventral  trunks  unite  with  ventral 
trunks,  to  form  the  nerves  distributed  ultimately  to  the  surfaces  and  periphery  of  the 
limb.  These  dorsal  and  ventral  tronks  are  homologous  with  the  lateral  and  ventral 
branches  of  the  somatic  nerves  in  other  regions. 

Morphology  of  the  Limb-plexuses. 

The  arrangement  of  the  limb  nerves  is  rendered  complex  and  the  significance  of  the  plexuses 
is  obscured  by  the  changes  through  which,  coincidently,  the  nerves  on  the  one  hand  and  the 
parts  suppliea  by  them  on  the  other  hand  have  passed  in  the  course  of  development 

Nature  of  the  Limbs. — As  already  described,  the  mammalian  limbs  arise  as  flattened  buds 
from  the  extremities  of  the  Wolffian  ridge.  Each  bud  possesses  a  preaxial  and  a  posttixial  bordfr, 
and  a  dorsal  and  a  ventral  surface^  continuous  with  the  dorsal  and  ventral  aspects  of  the  trunk 
and  homologous  with  its  lateral  and  ventral  surfaces.  Each  bud  consists  at  first  of  a  mass  of 
undifferentiated,  unsegmented  myoblast,  covered  by  epithelium.  Around  the  central  core  of 
mesoblast  which  produces  the  skeletal  axis,  the  vessels  and  muscles  of  the  limb  are  formed 
in  eitUf  the  muscles  as  double  dorsal  and  ventral  strata,  l)eneath  the  corresponding  suriaces  of 
the  bud. 

Each  limb  bud  is  connected  to  the  lateral  and  ventral  aspects  of  the  trunk,  and  is  associated 
with  a  number  of  body  segments,  varying  in  the  two  extremities  and  in  different  animals. 
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Although  the  mesoblastic  material  of  which  the  limb  bud  is  composed  exhibits  in  itself  no 
segmental  divisions  at  any  period  of  its  development,  a  clear  indication  of  the  segmental  relations 
of  the  limbs  is  obtained  from  the  arrangement  of  the  limb  nerves.  Taking  the  nerves  which 
supply  the  limbs  as  a  guide,  the  segments  engaged  in  the  formation  of  the  upper  extremity  are 
the  last  five  cervical  and  first  two  thoracic.  The  lower  extremity  is  related  oy  its  nerves  to  all 
the  lumbar  and  the  first  three  sacral  segments.  In  each  limb,  the  segments  at  the  preaxial  and 
po<»taxial  borders  are  only  partially  concerned  in  limb  formation. 

It  has  been  already  snown  that  the  somatic  branches  of  the  nerves  enter  the  substance  of  the 
embryonic  limb  and  divide  in  their  course  into  dorsal  and  ventral  trunks,  which  supply  the 
dorsal  and  ventral  surfaces  of  the  limb  bud.  The  higher  nerves  supply  the  preaxial  border,  the 
lower  nerves  su]>ply  the  postaxial  border,  while  the  nerves  most  centrally  situated  extend  furthest 
towards  the  periphery  oi  the  limb. 

In  order  to  understand  properly  the  constitution  of  the  limb-plexuses,  it  is  necessary  further 
to  make  a  comparison  of  the  surfaces  and  borders  of  the  embryonic  and  adult  limbs. 

Upper  Liinb. — (A)  Borders. — The  preaxial  border  of  the  upper  extremity  extends  from  the 
middle  of  the  clavicle,  in  the  line  of  the  cephalic  vein,  down  the  front  of  the  shoulder,  the  outer 
side  of  the  arm,  forearm  and  hand,  to  the  outer  border  of  the  thumb.  The  postaxial  border 
extends  from  the  middle  of  the  axilla  along  the  inner  side  of  the  arm  (in  the  line  of  the  basilic 
vein),  the  inner  side  of  the  forearm  and  hand,  to  the  inner  border  of  the  little  finger. 

(E)  Sorfaces. — ^The  areas  of  the  limb  between  these  lines,  anteriorly  and  posteriorly,  correspond 
to  the  ventral  and  dorsal  surfaces  of  the  embryonic  limb  bud.  The  ventral  surface  is  represented 
by  the  front  of  the  chest,  arm,  and  forearm,  and  the  palm  of  the  hand.  The  dorsal  surface  is 
n^presented  by  the  scapular  and  deltoid  regions,  the  back  of  the  arm,  forearm,  and  hand. 

Lower  Limb.— (^)  Borders. — The  preaxial  border  of  the  lower  limb  extends  from  the  middle 
of  Poupart's  ligament  down  the  inner  side  of  the  thigh  and  leg  in  the  line  of  the  internal 
saphenous  vein,  to  the  inner  side  of  the  great  toe.  The  postaxial  border,  beKinnins  at  the  coccyx, 
extends  along  the  fold  of  the  nates  and  the  outer  side  and  back  of  the  thigh  and  leg  (in  the  line 
of  the  external  saphenous  vein)  to  the  outer  border  of  the  foot  and  little  toe. 

(E)  Sarface& — The  areas  between  these  lines  correspond  to  the  primitive  dorsal  and  ventral 
surfaces  of  the  embryonic  limb  bud.  The  unequal  amount  of  rotation  in  the  parts  of  the  lower 
limb  obscures  the  relation  of  foetal  and  adult  surfaces,  which  are  most  easily  made  out  in  the 
infantile  position  of  the  limbs,  with  the  thighs  and  knees  flexed  and  the  soles  of  the  feet 
inverted.  The  ventral  surface  of  the  embyronic  limb  is  represented  by  the  inner  side  and 
back  of  the  thigh,  the  back  of  the  leg,  and  the  sole  of  the  foot  The  dorsal  surface  is  represented 
by  the  front  of  the  thigh  and  buttock,  the  front  of  the  leg,  and  the  dorsum  of  the  foot 

Composition  of  the  Limb-plexuses. — In  all  mammals  the  same  definite  plan  underlies  the 
constitution  of  the  limb-plexuses.  The  nerves  concerned  are  the  anterior  primary  divisions  of 
certain  segmental  spinal  ner\'es,  which  (with  certain  exceptions  at  the  preaxial  and  postaxial 
borders)  are  destined  wholly  and  solely  for  the  innervation  of  the  limb.  Each  of  the  anterior 
primary  divisions  engaged  divides  into  a  y&ir  of  secondary  trunks,  named  dorsal  or  posterior, 
ventral  or  anterior.  The  dorsal  and  ventral  trunks  again  subdivide  into  tertiary  trunks,  which 
combine  with  the  cx)rrespondiiig  subdivisions  of  neighbouring  dorsal  and  ventral  trunks  to  form 
the  nerves  of  distribution.  The  combinations  of  dorsal  trunks  provide  a  series  of  nerves  for  the 
supply  of  that  part  of  the  limb  which  is  derived  from  the  dorsal  surface  of  the  embryonic  limb 
bud  ;  the  combinations  of  ventral  trunks  give  rise  to  nerves  of  distribution  to  tne  regions 
corresponding  to  its  ventral  surface.  The  relation  of  the  nerves  derived  from  the  limb-plexuses 
to  the  areas  of  the  limbs  is  given  in  the  accompanying  tables  : — 

I.  Upper  Limb. 


Origin. 


Brachial 
Plexus 


Dorsal  trunks 

{Posterior  cord) 


Nerves. 


Distribution. 


Posterior  scapular 
Posterior  thoracic 
Suprascapular 
Subscapular  (3)     . 
Circumflex    .... 
(Lesser  internal  cutaneous  (Q ) 
(Intercosto-humeral  (?) ) 

Musculo-spiral 


1 
1 


Scapular  region  and 
shoulder 


Arm,  inner  side 

Back  of  arm,  fore- 
arm, and  hand 


Dorsal 
surface 


I' 


Ventral  trunks: 

(Outer  and 

inner  cords) 


)■ 


r  Nerve  to  subclavius 
Anterior  thoracic  (2) 


M  usculo-cutaneous 
Lesser  internal  cutaneous 
Internal  cutaneous 


Median 
^  Ulnar 


( 


Front  of  chest 

Front  of  arm  and 

forearm 
Inner  side  of  arm 
Front  of  arm  and 

forearm 
Front  of  forearm  and 

hand 


Ventral 
surface 
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II.  Lower  Iiimb. 


Origin. 


Lumbo- 
sacral   ( 
Plexus 


Dorsal 
trunks 


Nerves. 


^Ilio-h^pogastric  (iliac  branch) 
Superior  ^luteal 
Inferior  gluteal 
Nerve  to  pyriformis 
Small  sciatic 

External  cutaneous  .  / 

Genito-crural  (crural  branch) 

Anterior  crural  .  / 

Peroneal        .... 


Distribution. 


Ventral 
trunks 


Ilio-hypogastric  (hypogastric 
branch) 

Ilio-inguinal  .  | 

(Genito-crural  (genital  branch) 

Obturator  .        .        ,  i 

Nerve  to  obturator  intemus 
and  superior  gemeUus 

Nerve  to  (^uadratus  femoris 
and  inferior  gemellus 

Nerve  to  hamstrings 

Small  sciatic 


^Tibial 


f 
{ 


Buttock 


Buttock  and  thigh,  outer  side 

and  front 
Front  of  thigh 
Front  and  inner  side  of  thigh, 

leg,  and  foot 
Front  of  leg  and  foot 


Abdominal  wall  (ventral  sur- 
face) 

Abdominal  wall,  thigh,  and 
perineum 

Qroin 

Thigh  (inner  side)  and  knee 
(back) 


Buttock  and  back  of  thigh 


Back  of  thigh  and  perineum 
Back  of  knee,  leg,  and  sole  of 
foot 


Dorsal 
surface 


Ventral 
Bur&ce 


In  the  regions  of  the  limbs  no  anterior  cutaneous  branches,  derived  from  the  limb  nerves, 
supply  the  trunk.  The  whole  of  the  nerve  is  carried  into  the  limb  and  is  absorbed  in  its 
innervation,  and  the  dorsal  and  ventral  trunks  forming  the  limb-plexuses  are  to  be  looked  upon 
as  homologous  with  the  lateral  and  anterior  trunks  of  an  intercostal  nerve.  Two  series  of 
anomalies  in  relation  to  the  formation  and  distribution  of  the  nerves  to  the  limbs  must,  however, 
be  considered,  because  it  has  been  suggested  (Qoodsir)  that  the  nerves  of  the  limbs  are  serially 
homologous  with  not  the  whole,  but  with  only  the  lateral  branches  of  the  anterior  primary 
divisions  of  the  intercostal  nerves. 

(1)  Nerres  in  connexion  with  the  primitive  borders  of  the  Limba— At  the  preaxial 
border  of  the  upper  limb,  at  its  root,  the  fourth  cervical  nerve,  which  supplies  the  anterior  and 
lateral  surfaces  of  the  neck,  is  also  distributed  through  the  supraclavicular  nerves  to  the  skin  of 
both  ventral  and  dorsal  surfaces  of  the  limb.  The  nerves  and  sur£Eices  are  here  not  merely 
homologous,  but  in  actual  continuity. 

At  tne  preaxial  border  of  the  lower  limb,  similarly,  the  first  lumbar  nerve,  by  means  of  the 
ilio-hypogastric  and  ilio-inguinal  branches,  supplies  on  the  one  hand  the  buttock,  in  series  with 
the  lateral  branches  of  the  lower  thoracic  nerves,  and,  on  the  other  hand,  the  lower  part  of  the 
abdominal  wall  and  the  adjacent  inner  side  of  the  thigh,  in  series  with  the  anterior  terminal 
branches  of  the  lower  thoracic  nerves. 

At  the  postaxial  border  of  the  upper  limb  the  first  and  second  thoracic  nerves  are  concerned 
in  supjplyins  trunk  segments  as  well  as  parts  of  the  limb.  The  first  thoracic  nerve,  besides 
supplying  the  limb  through  the  inner  cora  of  the  plexus,  also  innervates  at  least  the  muscles  of 
the  first  intercostal  space  ;  the  second  thoracic  nerve  is  concerned  in  the  innervatien  of  the  limb, 
principallv  by  means  of  its  lateral  branch  only,  which,  as  the  intercosto-humeral  nerve,  supplies 
the  skin  along  the  postaxial  border  of  the  limb  and  on  its  dorsal  side.  At  the  postaxial  border  of 
the  lower  limb,  in  the  same  way,  the  third  and  fourth  sacral  nerves,  partiaUy  implicated  in  the 
innervation  of  the  limb  (through  the  tibial,  small  sciatic,  perforating  cutaneous  nerve,  and 
perineal  branch  of  the  fourth  sacral  nerve),  are  also  engaged  in  supplying  the  trunk  (perineum; 
through  the  pudic  nerve.  These  peculiarities  of  arrangement  of  the  nerves  at  the  borders  of  the 
limbs  may  be  explained  on  the  supposition  that  the  segment  corresponding  to  the  nerve  named 
is  only  partially  concerned  in  limo  formation,  and  is,  at  the  same  time,  implicated  to  a  greater 
or  less  extent  in  the  formation  of  structures  belonging  to  the  trunk. 

(2)  The  origin  and  distribution  of  the  nerves  at  the  postaxial  border  of  the  limbs  prer^eut 

a  special  dif&culty.  In  the  composition  respectively  of  the  brachial  and  lumbo-sacral  plexuses, 
the  first  thoracic  and  third  sacral  nerves  do  not  as  a  rule  divide  into  ventral  and  dorsal  trunks, 
but  contribute  onlv  to  the  formation  of  the  ventral  series  of  nerves.  A  solution  of  this  difficulty 
may  be  found  in  tne  examination  of  the  areas  of  distribution  of  the  nerves  derived  from  the 
first  thoracic  and  third  sacral  nerves.    In  the  case  of  the  brachial  plexus  (the  inner  cord  of  which 
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receives  normally  the  whole  contribution  of  the  first  thoracic  nerve)  the  lesser  internal  cutaneous, 
the  inner  branch  of  the  internal  cutaneous,  and  the  dorsal  branch  of  the  ulnar  nerve  supplv  the 
dorsal  aspect  of  the  limb  on  its  postazial  border.  These  nerves  are  in  serial  homology  with  the 
intercosto-humeral  and  lateral  trunks  of  intercostal  nerves.  In  the  case  of  the  lumbo-sacral  plexus 
similarly,  in  which  the  third  sacral  nerve  does  not  divide  into  ventral  and  dorsal  trunis,  the 
small  sciatic  and  tibial  nerves  containing  the  contribution  from  the  third  sacral  nerves  innervate, 
by  means  of  the  gluteal  and  external  femoral  branches  of  the  former  and  the  tibial  communi- 
cating branch  of  the  latter,  the  dorsal  surface  of  the  limb  along  the  postaxial  border,  in  series 
with  the  perforating  cutaneous  nerve  and  the  perineal  branch  of  the  fourth  sacral. 

These  apparent  anomalies  appear  to  indicate  that,  instead  of  dividing  into  its  proper  dorsal 
and  ventral  trunks,  the  entire  contribution  of  the  spinal  nerve  concerned  is  in  these  instances 
carried  undivided  along  the  postaxial  border  of  the  limb  in  association  with  the  ventral  trunks, 
and  that  the  dorsal  siuxiivisions  are  thrown  off  successively  as  the  plexus  cords  approach  the 
periphery.  Indeed,  in  the  case  of  the  small  sciatic  nerve,  Eisler  has  shown  that,  when  the 
peroneal  and  tibial  nerves  are  separated  at  their  origin,  its  gluteal  and  external  femoral  branches 
arise  from  and  are  connected  with  the  dorsal,  and  the  perineal  and  internal  femoral  branches 
with  the  ventral  trunk. 


The  Distribution  of  the  Spinal  Nerves  to  the  Muscles  and  Skin 

OF  THE  Limbs. 

By  dissection,  experiment,  and  clinical  obBervation,  it  is  conclusively  proved  that 
as  a  rule  each  nerve  of  distribution  in  the  limb,  whether  to  muscle  or  skin,  is  made  up  of 
fibres  derived  from  more  than  one  spinal  nerve ;  and,  further,  that  in  cutaneous  distribution 
a  considerable  overlapping  occurs  in  the  course  of  the  several  peripheral  nerves.  Moreover, 
the  arrangement  of  the  distribution  of  the  nerves  to  skin  and  to  muscles  is  not  identical. 
In  the  case  of  the  skin  of  the  limbs,  by  the  covering  of  the  limb  being  drawn  on  to  it  from 
adjacent  parts  in  the  process  of  growth,  cutaneous  nerves  are  engaged,  which  are  derived 
from  sources  not  represented  in  the  muscular  innervation  of  the  limbs.  Again,  among  the 
muscles,  some  have  undergone  fusion,  others  have  become  rudimentary,  and  others  again 
have  altered  their  position  in  the  limb.  Bearing  these  qualifications  in  mind,  it  is 
possible  to  formulate  a  definite  plan  for  the  innervation  of  the  skin  and  muscles  of  the 
upper  and  lower  limb.  The  accompanying  tables  give  an  analysis  of  the  distribution  of 
the  spinal  nerves  to  the  skin  and  muscles  of  the  upper  and  lower  limb  respectively : — 


I.  Upper  Limb. 

A,  GutaneouB  Nerves. 

1.  Dorsal  (Posterior)  Surface. 


Scapular 


1 


Deltoid 


Upper  arm 


Upper  part 
(precusial) 

Lower  part 
(postaxial) 

w 

upper  part 
{j^reaociat) 

Lower  part 
i^skLxial) 

'Outer  side 
(preaxial) 

Inner  side 
{po8t€unal) 


{ 
I 

( 
1 


Nerves. 


Posterior  primary  divisioiiB, 
cervical     .... 

Cervical  plexus,  acromial 

Posterior  primary  divisions 
thoracic    .... 

Intercostal  nerves,  lateral  branches 

Cervical  plexus,  acromial 
Circumflex     .... 


nerves. 


lateral 


Intercostal 
branches 

Circumflex 

Musculo-spiral,     upper     external 

branch      .... 
Musculo-spiral,  internal  branch 
Lesser  internal  cutaneous 
Intercosto-humeral 


Spinal  Origins. 


Preaxial 
Nerves. 


C.  4.  5.  6. 
C.  3.  4. 

T.  1.-7. 
T.  2.  3.  4. 

C.  3.  4 
C.  6.  6. 


C.  5.  6. 


Postaxial 
Nerves. 


T.  2.  3. 


C.  (5).  6. 

C.  8. 
T.  1. 
T.  2. 
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1.  Dorsal  (Posterior)  8ur&uce — continued. 


BegionB. 


r  Outer  side 
(preaxial) 


Foreann^ 


Inner  side 
(postcLxial) 

Outer  side 

Hand-! ,  (P««?j<»0 
Inner  side 

(postaxial) 


Nerves. 


external 
posterior 


'    Musculo-spiral,    upper     external 
branch 
Musculo-spiral,     lower 

branch 
Musculo  -  cutaneous, 

branch 
Radial    . 
/    Internal       cutaneous, 
J  branch 

I    Ulnar,  dorsal  branch 

'  Radial    . 


Ulnar 


internal 


Spinal  Origins. 

Preaxial         Postaxial 
Nerves.  Nerves. 


C.  (6).  6. 

C.  6.  7.  a 

C.  5.  6. 
C.  6.  7. 


C.  6.  7. 


C.  8.  T.  1. 
C.  a 


c.  a 


Regions. 


Chest 


Upper  arm 


Forearm 


(Upper  part 
(preaxial) 
Lower  part 
{postaxial) 

Outer  part 
(preaxial) 

Inner  part 
(postaxial) 

r  Outer  part 
I      (preaxiat) 
I  Inner  part 
^     (postaxial) 
^Outer  part 
(preaxial) 


Hand 


.  < 


Inner  part 
(postaxial) 


I.  Upper  Limb. 

A.  Cutaneous  Nerves. 
2.  Ventral  (Anterior)  Surface. 


Nerves. 


nerves. 


anterior 


Intercostal 

branches 
Intercostal  nerves,  lateral  branches 
Circumflex 
Musculo-spiral,    upper    external 

branch 
Internal  cutaneous 
Lesser  internal  cutaneous 
Intercosto-humeral 
Musculo  -  cutaneous,  anterior 

branch 
Internal       cutaneous,       anterior 

branch 

Musculo-cutaneous,  ball  of  thumb 
Median,  palmar  branch 
digital  branches 
tliumb,  outer  side 

„       inner  side  \ 
index,  outer  side  / 
„       inner  side'i^ 
middle,  outer  side/ 
„       inner  side  | 
ring,  outer  side     ] 
Ulnar,  palmar  branch  . 
digital  branches 


» 


Spinal  Origins. 

Preaxial  Postaxial 

Nerves.  Nerves. 


Cervical    plexus,    supraclavicular 

branches C.  3.  4 


T.  2.-7. 


C.  a  T.  1. 
T.  1. 
T.  2. 


C.  6.  a 


C.  a  T.  1. 


c.  5.  a 
c.  a  7. 

C.  6.  t,  8.  T.  1. 

c.  a  (7). 
c.  a  7. 

C  (6).  7.  a  (T.  1). 

c.  a  T.  1. 

T.  1. 
T.  1. 
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I.  Upper  Liinb. 

B,  Muscular  Nerves. 
1.  Dorsal  (Posterior)  Surface. 


Begiona. 


^Upper  part 
mtucles) 


Shoulder 


Lower  part 
{postaxial 
muscles) 


Upper  arm 


Forearm 


Hnioles. 


Neryea. 


Trapezius 

Levator  anguli  scapulae 

Rhomboidei   . 
Serratus  magnus    . 
Supras^inatus  \ 
Iniraspinatus  J     ' 

Subscapularis 

Teres  major  . 
Teres  minor  \ 
Deltoid  / 

Latissimus  dorsi 
Triceps  .... 
Outer  head 
Middle  head 
Inner  head 
Anconeus 
Brachio-radialis 
Extensor       carpi       radialis 

longior 
Extensor       carpi       radialis 

brevior 
Supinator  radii  brevis  . 
Extensof  communis  digitorum 
„        minimi  digiti  . 
„        carpi  ulnaris    . 
Extensor  ossis  metacarpi  pol 

licis  .... 
Extensor  longus  poUicis 
brevis  pollicis 
indicis     . 


Spinal  Origins. 

PreaxuU  Postcudal 
Nerves.      Nerves, 


>i 


>j 


Cervical  plexus    .  |  C.  3.  4. 

( Cervical  plexus    .  |  C.  3.  4. 

I  Posterior  scapular        C.  5. 

Posterior  scapular 

Posterior  thoracic 


Suprascapular 

/Short  subscapular 
I  Lower       „ 
Lower  subscapular 

Circumflex    . 

Long  subscapular 


Musculo-spiral 


"J 


■Musculo-spiral 


Posterior      inter- 


osseous 


C.  6. 

C.  6.  6.  7. 


C.  6.  6. 


C.  6.  7.  a 
C.  (6).  7.  8. 

C.  7.  8. 

C.  6.  6. 

C.  (5).  6.  7.  8. 

C.  (6).  6.  7.  (8). 
C.  (6).  6. 

.C.  (6).  6.  7.  8. 


I.  Upper  Limb. 

B,  Muscular  Nerves. 

2.  Ventral  (Anterior)  Sur&ce. 


Regions. 


Pectoral 
Region 


Upper  part 
(preaxial 
mttscles) 

Lower  part 
(postaxial 
muscles) 


Moscles. 


:  Stemo-mastoid 
Omo-hyoid     ^ 
Stemo-hyoid  / 
I  Subclavius    . 
Pectoralis  major 
Clavicular  part 
Sternal  part 
Pectoralis  minor 


Nerves. 


Cervical  plexus 
;  Ansa  hypogloesi 
,  Brachial  plexus 


IJ 


Anterior    thoracic 
nerves 


Spinal  Origins. 

Preaxial   Postaxial 
Nerves.      Nerves. 


C.  2. 

C.  1.  2.  3. 

C.  6.  6. 

C.  6.  6.  7.  8.  T.  1. 

C.  5.  6. 

C.  5.  6.  7.  8.  T.  1. 
C.  7.  a  T.  1. 
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2.  Ventral  (Anterior)  Snrfoce — continued. 


Bagloiu. 


/-Outer  part 
(preaxial) 


Upper 
arm 


Mnides. 


NerTW. 


Spinal  Origins- 

Preaxial  Postnxial 
N&rvea,     Serves. 


Inner  part 
(poataxiat) 

I  Outer  part 
(precLxial) 


Forearm 


Inner  part 
(postaxiat) 

'Outer  part 
(preaanal) 


Hand     « 


Inner  part 
^     (postaxiat) 


Bicepe 

Brachialis  anticus 
Coraco-brachialifl . 

Axillary  arches 

Pronator  radii  teres 
Flexor  carpi  radialis 
Palmaris  longus    . 
Flexor  sublimis  digitorum   . 

Flexor  profundus  digitorum 

Flexor  carpi  ulnaris 
Flexor  longus  pollicis  . 
Pronator  quadratus 
Abductor  pollicis  . 
Opponens  pollicis 
Flexor  brevis  pollicis    . 
Two  outer  lumbricales . 
Two  inner  lumbricales . 
Interossei 
Adductores    pollicis   (trans 

versus  et  obliquus) 
Abductor  minimi  dij^ti 
Opponens  minimi  di^ti 
Flexor  brevis  minimi  digiti 


Musculo-cutaneous   In  5  6 
fMusculo-cutaneous  / 
IMusculoHspiral  C.  (6).  6. 

Musculo-cutaneous 
r  Internal  anterior     I 
thoracic,  or  lesser  | 
internal  cutane- 
ous,    or     inter- 
costo-humeral       1 


C.  7. 


C.  8.  T.  1.  (2). 


VMedian 

II  Anterior       inter- 
j  I     osseous :  Ulnar 
,  Ulnar    . 
I  j  Anterior       inter- 
1/     osseous 

-Median  . 


a  a 

C.6. 


c.  7.  a  T.  1. 
c.  a  T.  1. 
c.  a  T.  1. 


c.  7.  a  T.  I. 


c.  a  7. 


Ulnar 


ij 


c.  a  (T.  1). 


II.  Lower  Limb. 

A,  Cutaneous  Nerves. 

1.  Dorsal  Surface. 

{Front  and  outer  side  of  thigh,  buttock,  froni  of  leg,  dorsum  of  foot.) 


Regions. 


Nerves. 


Front  of  thigh  and 
front  part  of  bnt- 
tock 
{preaxial  nerves) 


Thigh 


Buttock 


Outer  side  of  thigh  r 
and  bnttock,  back  J 
and  lower  part    \ 

(postaxial  nerves)      \ 

r  Inner  side 


Dorsum   of 
foot 


I 


(preaxial) 
Outer  side 

(postaxial) 
Inner  side 

(preaxial) 
Outer  side 

(postaxial) 


{ 


Qenito-cniral,  crural  branch 
Anterior  crural,  internal  branch   . 
Anterior  crural,  middle  branch     . 
External  cutaneous 
Twelfth  thoracic,  iliac  branch 
Uio-hypogastric,  iliac  branch 
Posterior       primary       divisions, 

lumbar 

Posterior       primary       divisions, 

sacral 

Posterior       primary       divisions, 

coccygeal 

Small  sciatic :  gluteal,  and  femoral 

branches 

Internal  saphenous 

Patellar  branch 
Musculo-cutaneous 
Peroneal,  sural  branches 
Internal  saphenous 
Anterior  tibial  .... 
Musculo-cutaneous 
External  saphenous 


Spinal  Origins. 

Preaxial  Postaxial 

Serves,  Metres. 

L.  1.2. 

L.2.  a 

T.  12. 
L.  1. 


L.  1.  2.  a 


&  1.-5. 
Ca 

s.  1.  2.  a 


|L.a4. 

L.  4.  5.  S.  1. 
L.  (4).  5.  S.  1. 

L.a4. 

L  4.  6.  (S.  1). 
L.  4.  5.  S.  1. 

a  1.  (2). 
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n.  Lower  Limb. 

A,  Cutaneous  Nerves. 

2.  Ventral  Surface. 

(Inner  side  and  hack  of  thigh,  back  of  leg,  and  sole  offooL) 


Regions. 


Inner  side 
and  back  of 
thi^h 


Back  of  leg 


Inner  side  of 
thigh 
(preaxial) 

Back  of  thiffh 
(postaxiai^ 


Nenres. 


Sole  of  foot  -i 


Inner  side 
(preaxial) 


Outer  side 
(poataxial) 


^Ilio-ingiiinal 
ij  Obturator 


I  Small  sciatic,  femoral  branches 

Peroneal,  sural  branches . 
Peroneal,  communicans  fibularis 
Small  sciatic 
External  saphenous 
Internal  saphenous 
Posterior  tioial,  calcanean 
Internal  plantar   . 
Qreat  toe,  inner  side . 
„        „    outer  side . 
Second  toe,  inner  side 
„        „    outer  side 
Third  toe,  inner  side 
„        „    outer  side 
Fourth  toe,  inner  side 
External  plantar  . 
Fourth  toe,  outer  side 
Fifth  toe,  inner  side . 
„       „    outer  side . 
External  saphenous 


Spinal  Origins. 


Preaxial 
Nerves, 


Postaxial 
Nerves, 


L.  1. 
L.  2.  a  (4). 

S.  1.  2.  3. 

JL.  (4).  6.  S.  1. 

!  S.  1.  2.  a 

S.  1.  (2). 
I   L.  3.  4. 
I  S.  1.  2. 

L.  4.  5.  S.  1. 
j   L.  4.5. 

I JL.  4.  5.  S.  1. 


L.  6.  S.  1. 


1 


rS.  1.  2. 


S  1.  (2). 


II.  Lower  Limb. 

B.  Muscular  Nerves. 

1.  Dorsal  Surface. 

{Front  and  oiUer  side  of  thigh,  hdtock,  front  and  outer  side  of  leg,  do7*su7n  of  foot,) 


Regions. 


Mnscles. 


Kerves. 


Front  of  thigh 


(preaxial) 


Buttockand  outer  side  of  thigh 
{postaxial) 


Pectineus 

Sartorius . 

Iliacus 

Psoas 

Quadriceps  extensor 

Vastus  intemus    . 

Rectus  femoris 

Crureus 

Vastus  externus  . 
Tensor  fascia?  femoris 
Ghiteus  minimus 
medius 
maximus  . 
Biceps,  short  liead  . 
Piriformis 


-Anterior  crural 


I 
J 


Superior  gluteal 

Inferior  gluteal 
Peroneal 
Sacral  plexus 


Spinal  Origins. 

Preaxial     Postaxial 
Nerves,        Nerves, 


JL.  2.  a 

|l.2.  a  4, 
L.  a  4. 


L.  4.  5.  S.  1 
}         L.  5.  S.  1.  2. 


S.  1.  2. 


I 
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1.  Dorsal  Surface — coniinued. 


BegionB. 


r  Inner  side 
(preaxial) 


Front  of  leg 


Dorsum  of  foot 


Outer  side 
(postaxiat) 


Muscles. 


Tibialis  anticus 
Extensor      proprius 

hallucis 
Extensor         longus 

digitorum     . 
Peroneus  tertius 
Peroneus  longus 
Peroneus  brevis 
Extensor  brevis  digi- 
torum  . 


Neryes. 


Anterior  tibial 


} 


Spinal  OrigiuB. 

Preaxial  Nerves. 


Musculo-cutaneous 
Anterior  tibial  . 


L.  4.  5.  S.  1. 


.J 


XL  Lower  Limb. 

B.  Muscular  Nerves. 

2.  Ventral  SnrflEuse. 

(Inner  side  and  hack  of  thigh,  ha^k  of  leg,  and  sole  of  foot,) 


BegionB. 


MuBcles. 


Thigh     and 
buttock 


Thigh,  inner 
side 
(jpreaxiat) 


Thigh,  outer 
side 
(postaacial)  I 


Buttock 


Back  of  leg . 


Sole  of  foot 


Inner  side 
(preaxial) 


Outer  side 

(jiOstaTial) 


Adductor  longus 
Qracilis    . 
Adductor  brevis 
Obturator  extemus 
Adductor  magnus 
Adductor  magnus 
Semi-membranosus 
Semi-tendinosus 
Biceps,  long  head 
Quaaratus      femoris 
and  superior  gem- 
ellus 
Inferior       gemellus 
and  obturator  in- 
ternus  . 
I  Plantaris  . 
I  Popliteus . 
I  Flexor  longus  digi 
I      toruni  . 
I  Tibialis  posticus 
I  Flexor   longus    hal 
lucis 
Sole  us 
Soleus 
Qastrocnemius  (each 

head)     . 
Abductor  hallucis 
Flexor    brevis  digi 

torum   . 
Flexor    brevis    hal 

lucis 
First  lumbricalis 
Second,    third,    and 
fourth  lumbricales 
Flexor  accessorius 
Adductores  hallucis 
Interossei 
Flexor  brevis  minimi 

digiti    . 
Abductor       minimi 
digiti    . 


Nerves. 


Obturator  . 


Nerve  to    ham- 
strings   . 


Sacral  plexus 


Tibial 


Posterior  tibial 


I 


Spinal  Orlgina. 

Preaxial       Posiaxial 
Nerves.  Serves. 


\ 


L.2.  a 

L.  2.a  4. 
L.3.  4. 

L.  4.  5.  S.  1. 

L.  5.  S.  I.  2. 

S.  1.  2.  a 

L.  4.  5.  S.  1. 


} 


s.  1.  2.  a 


I  L.  4  6.  S.  1. 


/ 


Tibial 


1 

\ 


L.  5.  S.  1. 


L  5.  S.  1.  2. 


S.  1.2. 


Internal  plantar 


'  li.  4.  5.  S.  1. 


'  External  plantar     ^  S.  1.  2. 


i 
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A.  Iimervation  of  the  Mnscles  of  the  Limbs. — The  following  laws  appear  to  be  applicable 
to  the  upper  and  lower  limbs  alike : — 

1.  No  liTnb-muscU  receives  its  nerve-mpply  from  posterior  primary  divisions. 

2l  The  dorsal  ajui  ventral  strata  of  muscles  are  always  supplied  by  the  corresponding  dorsal  and 
ventral  branches  of  the  nerves  concerned.  The  ventral  muscular  stratum  is  more  extensive  than  the 
dorsal ;  the  ventral  nerves  are  the  more  num^ous,  and  the  additional  nerves  are  postaxially  placed. 
The  spinal  nerves  supplying  muscles  of  the  upper  limb  are  C.  5,  6,  7,  8  (dorsal),  and  C.  5,  6,  7,  8, 
T.  1  (ventral) ;  the  nerves  for  the  muscles  of  the  lower  limb  are  L.  2,  3,  4,  5,  S.  1,  2  (dorsal),  and 
Ll  2,  3,  4,  6,  S.  1,  2,  3  (ventral). 

3.  The  dorsal  arid  ventral  trunks  of  the  nerves  are  distributed  in  the  limb  in  a  continuousy 
segmental  manner ;  so  that,  "  of  two  muscles,  that  nearer  the  head  end  of  the  body  tends  to  be 
supplied  by  the  higher  nerve,  and  that  nearer  the  tail  end  by  the  lower  nerve  "  (Herringham). 

4.  The  nerves  placed  most  centrally  in  the  plexus  extend  furthest  into  the  limb,  and  the  more 
preaxial  nerves  terminate  sooner  in  the  limb  than  the  more  postaxial  nerves. 


Upper  Limb. 
Dorsal  Surface. 

Musdes  of  shoulder    .     C.  3,  4,  6,  6,  7,  8. 
arm    .        .     C.  6,  7,  8. 
forearm      .     C.  6,  7. 


Ventral  Surface. 
Muscles  of  chest      .     C.  5,  6,  7,  8,  T.  1. 


n 


Muscles  of  thigh  and 

buttock    . 
Muscles  of  leg  and  foot 


arm 
forearm 
hand 
Lower  Limb. 

Muscles  of  thigh 
L.  2,  3,  4,  5,  S.  1,  2.  „         leg 

L.  4,  5,  S.  1.  „         foot 


C.  6,  6,  7. 

C.  6,  7,  8,  T.  1. 

C.  6,  7,  8  (T.  1). 

L.  2,  3,  4,  5,  S.  1,  2,  3. 
L.  4,  6,  S.  1,  2. 
L.  6,  S.  1,  2. 


The  only  exception  to  this  rule  is  on  the  ventral  (anterior)  surface  of  the  upper  arm,  where  a 
suppression  of  the  muscle  elements  leads  to  an  absence  of  the  regular  series  of  segmental  nerves 
(C.  8,  T.  1)  on  its  postaxial  border.    These  nerves  reappear  in  the  forearm,  and  the  occasional 
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Fia.  516. — Scheme  of  the  segmeotal  distribution  of  the  muscular  nerves  of  the  upper  and  lower  limbe. 

'*  axillary  arches "  may  be  regarded  as  the  muscular  elements  usually  suppressed,  and,  when 
present,  supplied  by  these  nerves. 

MuBcles  with  a  Double  Nerve-supply. — The  existence  of  more  than  one  nerve  to  a  muscle 
indicates  usually  that  the  muscle  is  composite  and  is  the  representative  of  originally  separate 
elementfl,  belonging  to  more  than  one  segment  or  to  both  surfaces  of  the  limb.  In  the  case  of 
the  pectoralis  major,  subscapularis  and  flexor  profundus  digitorum,  adductor  magnus,  and  soleus, 
parts  of  the  same  (ventral  or  dorsal)  stratum  have  fused,  to  form  muscles  innervated  from  the 
corresponding  ventral  or  dorsal  nerves.  The  other  muscles  having  a  double  nerve-supply — 
brachialis  anticus,  biceps  flexor  cruris,  and  (sometimes)  pectineus — are  examples  of  fusion  at  the 
preaxial  or  postaxial  border  of  muscular  elements  derived  from  the  dorsal  and  ventral  surfaces  of 
the  limb,  which  are  correspondingly  innervated  by  branches  from  both  dorsal  and  ventral  series : 
«..7.  the  brachialis  anticus  is  innervated  by  the  musculo-cutaneous  and  musculo-spiral  nerves  ;  the 
biceps  flexor  cruris,  by  the  peroneal  (short  head)  and  tibial  (long  head)  nerves  ;  and  the  pectineus, 
by  the  anterior  crural  and  (sometimes)  obturator  nerves. 

B.  Innervation  of  the  Skin  of  the  Limbs. — While  the  scheme  of  cutaneous  innervation  of 
the  limbs  is  fundamentally  segmental,  yet  the  arrangement  is  confused  and  complicated  by 
various  causes.  The  growth  of  the  limb  from  the  trunk  has  caused  the  skin  to  be  drawn  out 
over  it  like  a  stretched  sheet  of  india-rubber  (Herringham),  and  at  the  same  time  the  extent  of 
the  dorsal  area  of  the  limb  is  increased  at  the  expense  of  the  ventral  area.  Tlie  central  nei-ies  of 
the  plexus  remain  buried  deeply  in  the  substance  of  the  limb,  only  coming  to  the  surface  towanls 
the  periphery.     The  proximal  parts  of  both  surfaces  of  the  limb  thus  become  innervated  by 
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cutaneous  nerves  otherwise  not  neceflsarily  concerned  in  the  innervation  of  the  limbs.  Herring- 
ham  has  shown  that — (A)  Oj  two  spots  on  the  skin,  that  nearer  the  preaxial  border  tends  to  oe 
supplied  by  the  higher  nerve,  (B)  Of  two  spots  in  the  preaxial  area,  the  tower  tends  to  be  supplied  by 
the  lower  nerve ;  and  of  two  spots  in  the  postcucial  area,  the  lower  tends  to  be  supplied  by  the  higher 
Tierve,  In  other  words,  from  the  root  of  the  limb  down  the  preaxial  border  to  its  dlBtal  extremity, 
and  up  the  postaxial  border  to  the  root  of  the  limb  again,  there  is  a  definite  numerical  sequence 
of  spinal  nerves  supplying  skin  areas  through  nerves  of  the  limb-plexuses.  A  similar  numerical 
sequence  in  the  arrangement  of  the  nerves  is  also  found  extending  over  the  dorsal  and  ventral 
sunaces  of  the  limbs  from  preaxial  to  postaxial  border,  except  in  certain  situations. 

On  the  dorsal  and  ventral  surfaces  of  both  upper  and  lower  limbs  there  is  a  hiatus,  for  a 
certain  distance,  in  the  numerical  sequence  of  the  spinal  nerves  in  their  cutaneous  distribution, 
explicable  on  the  ground  that  the  central  nerves  of  the  plexus,  which  fail  to  reach  the  surface  in 
these  situations,  are  replaced  by  cutaneous  branches  from  neighbouring  nerves.  This  hiatus  hs» 
been  named  the  axial  area  or  line. 

In  the  upper  limb,  the  dorsal  aadal  area  or  line  extends  from  the  middle  line  of  the  back, 
opposite  the  vertebra  prominens,  to  the  insertion  of  the  deltoid. 

The  ventral  aaml  area  or  line  extends  anteriorly  from  the  middle  line  of  the  trunk,  at  the 
manubrio-stemal  joint,  across  the  chest,  down  the  front  of  the  arm  and  forearm  to  the  wrist 

In  the  lower  Umb,  the  dorsal  axial  area  or  line  may  be  traced  from  the  middle  line  of  the 
back  over  the  posterior  superior  iliac  spine,  across  the  buttock  and  thigh,  to  the  head  of  the 
fibula. 

A  ventral  axial  area  or  line  can  also  be  traced  from  the  root  of  the  penis  along  the  inner  side 
of  the  thigh  and  knee,  and  down  the  back  of  the  leg  to  the  heel. 

These  areas  or  lines  represent  the  meeting-place  and  overlapping  of  nerves,  which  are  not  in 
numerical  sequence ;  and  it  is  only  at  the  peripheral  parts  of  the  limbs,  on  the  dorsal  and  ventral 
surfaces,  that  the  nerves  appear  in  numerical  sequence  from  the  preaxial  to  the  postaxial  border. 
In  the  case  of  the  upper  limb  the  hiatus  is  causea,  in  both  surfaces  of  the  limb,  by  the  absence  of 
cutaneous  branches  of  the  seventh  cervical  nerve ;  in  the  case  of  the  lower  limb  the  hiatus  is  due 
to  the  absence  of  branches  from  the  fifth  lumbar  nerve  on  both  surfaces  of  the  limb,  and  the 
absence  of  branches  from  the  fourth  lumbar  nerve,  in  addition,  on  the  dorsal  surface. 

Understanding  the  significance  of  these  dorsal  and  ventral  axial  areas  or  lines,  and  at  the 
same  time  bearing  in  mind  the  overlapping  which  occurs  in  the  cutaneous  distribution  of  each 
spinal  nerve,  the  areas  of  skin  supplied  through  the  limb-plexuses  can  be  mapped  out  with  con- 
siderable precision,  as  indicated  in  the  following  tables  : — 

A,  Upper  Limb. 
Cutaneous  Distribution. 


r 

Nerves. 

Supraclavicular  nerves 

Spinal  Origin. 

C.  3.  4. 

Circumflex  . 

C.  6.  6. 

Preaxial  border 

Musculo-spiral   (upper 
external) 

C.  (6).  6. 

from  neck  to    " 

hand 

Musculo-spiral    (lower 
external) 

C.  6.  7.  8. 

^ 

f 

^ 

Musculo-cutaneouR 

C.  6.  6. 

;             /Dorsum/ 
Hand  - 

I  Palm     - 

1 

Radial 

C.  6.  7. 

Ulnar  .... 
Musculo-cutaneoiis 

c.  a 

C.  6.  6. 

Median 

C.  6.  7. 

Ulnar  .... 

T.  1. 

Digits 

Median 

C.  6.  7.  a  T.  1. 

^■^                                            ^ 

Ulnar 

c.  a  T.  1. 

w 
' 

Internal  cutaneous 

C.  8.  T.  1. 

Mimculo-spiral    (inter- 

C. 8. 

nal) 

Postaxial  border 

Lesser  internal  cutane- 

T. 1. 

from  hand  to 

ous 

cheat 

I  ntercoKto-humeral 

T.  2. 

t 

I  ntercos  to-humeral 

T.  2. 

1 

Thii-d  intercostal 

T.  3. 

\ 

,  Fourth        „ 

1 

T.  4. 

Distribntlon. 


Chest,  shoulder,    deltoid,   and 

scapular  regions 
Deltoid  region,  outer  side  of  arm. 
Outer  side  and  back  of  arm  and 

foreai'm. 
Outer  side  and  back  of  elbow 

and  forearm. 
Outer  side  of  forearm,  in  front 

and  behind. 

?"**'■  M^M  of  dorsum  of  hand 
Inner  side  j 

Ball  of  thumb. 

Thumb  C.  6.  7. 

First  linger,  C.  6.  7.  a 
Second   „      C.  7.  a  T.  1. 
Third     „     C.  a  T.  1. 
Fourth   ,,   Irp  1 
Fifth      „  /^-  *• 
Inner  side  of  forearm,  in  front 
and  behind. 


Inner  side  of  arm. 


Axillary  folds. 
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B,  Lower  Limb. 

Cutaneous  Distribution. 


Nerves. 


Spinal  OrlgixL 


DiBtribution. 


Ihreazial  border 

from  trunk  to  -{ 
foot 


\ 


Foot 


Dorsum 


Digits 


Postaxial  border 

from  foot  to 

coccyx 


Iliac  branch  of  twelfth 
thoracic 

Iliac  branch  of  ilio- 
hypogastric 

Ilio-inguinal 

Genito-crural 

External  cutaneous 

Anterior  crural  (middle 
and  internal) 

Obturator    . 

Anterior  crural  (inter- 
nal saphenous) 
Internal  saphenous 
Anterior  tibial 

Musculo-cutaneous 
External  saphenous 
Internal  plantar 
External  plantar 
Posterior    tibial    (cal- 
canean) 

Internal  and  external 
plantar 

External  saphenous 

Small  sciatic 
Perforating  cutaneous . 

Sacro-coccygeal    . 


T.  12. 

L.  1. 

L  1. 

L.  1.  2, 

L.  2.  3. 

Ll  2.  3. 

L.  2.  3.  (4). 

L.  3.  4. 

L.  3.  4. 

L.  4.  6.  S.  (1). 

L.  4.  5.  S.  1. 

S.  1.  (2). 

L.  4.  5.  S.  1. 

S.  1.  2. 

S.  1.  2. 


L.  4.  5.  S.  1. 
S.  1.  2. 

S.  1.(2). 

S.  1.  2.  3. 
S.  2.  3. 

S.  4  5.  Co.  1. 


I 


Outer  side  of  buttock. 

Outer  side  of  buttock. 

Groin  and  over  Scarpa's  triangle. 
Front  of  thigh,  upper  third. 
Front  and  outer  siae  of  thigh. 
Front  and  inner  side  of  thigh, 

lower  two-thirds. 
Inner    side    of   thigh,  middle 

third. 
Knee  and  leg,  inner  side  and 

front 
Inner  side  of  foot 
Interval     between     first    and 

second  toes. 
Doi'sum  of  foot  and  toes. 
Outer  side  of  foot 
Inner  part  \ 

Outer  part  j-ofsole. 

Heel  and  back  part  J 

Great  toe,    L.  4.  5.  S.  1. 
Second  toe,  L.  4.  6.  S.  1. 
Third      „    L.  5.  S.  1. 
Fourth    „    L.  6.  S.  1.  2. 
Fifth       „    S.  1.  2. 
Outer  side  of  foot  and  leg,  lower 

third. 
Back  of  leg,  thigh,  and  buttock. 
Buttock  (fold  of  nates,   inner 

half). 
Anal  fold. 


Variations  in  the  Position  of  the  Limb-plexuses. 

Two  different  kinds  of  variations  occur  in  relation  to  the  limb-nerves. 

(1)  Individual  variations,  in  both  the  extent  of  origin  and  in  the  area  of  distribution  of  a 
given  nerve,  are  not  uncommon ;  these  variations  are  usually  concomitant  with  compensatory 
variations  in  adjacent  nerves,  and  are  due  to  the  fibres  oi  a  given  spinal  nerve  taking  an 
abnormal  course  in  the  trunk  of  another  nerve  of  distribution  and  effecting  a  communication 
with  the  proper  nerve  peripherally.  In  this  way  the  variations  in  the  origm  and  distribution 
of  the  intenosto-humeral  nerve  may  be  explained ;  and,  similarly,  the  idnar  nerve  may  have 
Bome  of  itfi  fibres  carried  as  far  as  the  forearm  incorporated  with  the  median  and  transferred  to 
it  by  a  communication  between  the  two  nerves  in  that  region. 

(2)  Variations  in  the  limb-plexus,  in  relation  to  the  vertebral  column,  are  the  chief  cause  of 
variations  in  the  constitution  of  the  limb-nerves.  These  variations  affect  more  or  less  the  whole 
svnes  of  nerves  in  the  plexus. 

The  brachial  plexus  is  subject  only  to  very  slight  variation  in  position  and  arrangement 
It  may  be  reinforced  at  the  upper  end  by  a  slender  trunk  from  the  fourth  cervical  nerve,  and, 
more  frequently,  by  an  intra -thoracic  communication  between  the  second  and  first  thoracic 
nerves.  The  presence  of  one  or  other  of  these  nerves  is  an  indication  of  a  slight  tendency 
towards  a  cephalic  or  caudal  shifting  of  the  whole  plexus  in  relation  to  the  spinal  cord.  It  is, 
however,  never  sufficient  to  cause  the  exclusion  to  any  extent  of  the  nerves  normally  implicated. 
The  presence  of  a  cervical  rib  may  coincide  with  little  or  no  change  in  the  relation  of  the  nerves. 
Indeed,  the  inclusion  of  the  second  thoracic  nerve  in  the  plexus  may  be,  as  already  stated, 
merely  an  individual  variation,  a  change  in  the  path  to  the  limb  of  the  intercosto-humeral 
nerve.  Concomitant  variations  occur  among  groups  of  nerves,  however,  which  indicate  a  certain 
tendency  to  variation  in  the  position  of  the  whole  plexus.  At  one  end,  the  suprascapular  and 
musculo-cutaneous  nerves  may  arise  from  the  fourtn  and  fifth,  fifth  alone,  or  fifth  and  sixth 
cervical  nerves.  At  the  other  end  of  the  plexus,  the  musculo-spiral  may  or  may  not  receive  a 
root  from  the  first  thoracic  nerve,  and  this  addition  is  rather  more  likely  to  occur  when  the 
second  thoracic  nerve  is  implicated  in  the  plexus. 

The  Inmbo-sacral  plexus  shows  a  very  considerable  variability  in  position  and  constitution. 
Eisler  records  concomitant  variations  in  the  plexus  in  18  per  cent  of  the  cases  examined  by  him. 

47 
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The  variations  occur  within  wide  limite.  The  plexus  may  begin  at  the  eleventh  or  twelfth 
thoracic  or  first  lumbar  nerve.  The  last  nerve  in  the  great  sciatic  cord  may  be  the  second,  third, 
or  fourth  sacral  nei-ve.  The  position  of  the  n,  furcalis  is  a  guide  to  the  arrangement  of  the 
plexus.  It  may  be  formed  by  the  third,  third  and  fourth,  fourth,  fourth  and  fifth,  or^lifth 
lumbar  nerves.     The  resulting  variations  are  illustrated  by  the  following  extreme  cases : — 

(1)  Prefixed  Variety.  (2)  Postfiaed  Variety, 

Nervus  furcalis  L.  3  and  4  (double).  L.  6. 


Obturator     . 
Anterior  crural 
Tibial  . 
Peroneal 


L.  1,  2,  3.  L.  2,  3,  4,  5. 

T.  12,  L.  1,  2,  3,  4.  L.  2,  3,  4,  6. 

L.  3,  4,  5,  S.  1,  2.  L  5,  S.  1,  2,  3,  4. 

L.  3,  4,  5,  S.  1.  L.  5,  S.  1,  2,  3. 

Those  variations  in  the  constitution  of  the  lum bo-sacral  plexus  are  most  numerous  which 
are  due  to  the  inclusion  of  nerves  more  caudally  placed.  Thus,  out  of  twenty -two  variations 
in  the  position  of  the  ri,  furcalis^  in  nineteen  Eisler  found  it  formed  by  the  fifth  lumbar  nerve ; 
in  two  cases  only,  by  the  third  lumbar  nerve.  There  is  further  evidence  that  variations  in  the 
position  of  the  plexus  are  accompanied  by  variations  in  the  vertebral  column  itself  Out  of  the 
twenty -two  abnormal  plexuses  examined  by  Eisler,  sixteen  were  coincident  with  abnormal 
arrangement  of  the  associated  vertebras. 

Significance  of  the  Limb-plexuses. 

From  the  above  considerations,  it  is  obvious  that  something  more  than  convenience  of  transit 
for  the  spinal  nerves  to  skin  and  muscles  is  secured  by  the  formation  of  the  limb-plexuses.  It 
has  been  shown  that  by  their  combinations  in  the  plexuses,  every  8}X)t  or  area  oi  skin  in  the 
limbs  is  innervated  by  more  than  one  spinal  nerve ;  and  generallv,  also,  each  limb-muscle  is 
supplied  by  more  than  one  spinal  nerve.  Each  cutaneous  area  ana  each  limb -muscle  is  thm 
brought  into  relationship  with  a  wider  area  of  the  spinal  cord  than  would  occur  if  the 
plexuses  were  non-existent  A  simultaneous  record  of  sensation  is  thus  transmitted  from  any 
given  point  on  the  surface  of  the  limb  through  more  than  one  dorsal  root ;  and  a  more  ready 
co-ordination  of  muscular  movement  is  brought  about  by  the  transmission  of  motor  impulses 
from  the  ventral  root  of  a  given  spinal  nerve  to  more  than  one  muscle  at  the  same  time.  In  a 
word,  a  plexus  exists  to  supply  the  whole  limb  and  the  limb  as  a  whole,  as  an  organ  which  has 
its  different  active  parts  connected  with  the  central  nervous  sj^tem  by  means  of  the  limb-plexus. 


THE  CRANIAL  NERVES. 

The  series  of  cranial  nerves  is  arranged  in  twelve  pairs,  which  present  striking 
differences  in  origin,  in  distribution,  and  in  functions. 


Number. 

Name. 

I. 

II. 

III. 

OlflBkctory     . 
Optic    . 
Oculo-motor 

IV. 

Troclilear    . 

V. 

Trigeminal . 

1 

VI. 

Abducent    . 

VII. 

Facial  . 

VIII. 

1 
Auditory 

i 

IX. 
X. 

YT 

Glosso-plianmgeal 
Pneumogastric   . 

XII.  ;  Hypoglossal 


Function. 


Smell 

Sight 

Motor  to  the  muscles  of  eyeball  and 

orbit 
Motor  to  superior  oblique  muscle  of 

evel)all 
Sensory  to  face,  tongue,  and  teeth  ; 

motor  to  muHcles  of  mastication 
Motor  to  external  rectus  muscle  of 

eyeball 
Motor  to  muscles  of  scalp  and  face, 

sensory  to  tongue 
Hearing  and  equilibrium 

Sensory  to  tongue  and  pharynx 

Sensory  to  pharynx,  oesophagus  and 
stomach,  and  res2)iratory  oigans 

(a)  Accessory  to  vagus. — Motor  to 
muscles  of  palate,  pharynx,  oeso- 
phagus, stomach  and  intestines, 
and  respiratory  oi*gans;  inhibitory 
for  heart 

(6)  Spinal  part :  motor  to  trapezius 
and  stemo -mastoid  muscles 

Motor  to  musch's  of  the  tongue 


Superficial  Atiachmeat 
to  Brain. 


Olfactory  bulb. 
Optic  thalamus. 
Crus  cerebri. 

Superior      medullary 

velum. 
Pons  Varolii 

Junction  of  ]x)ns  and 

medulla. 
Posterior     border    of 

pons  Varolii 
Posterior     border    of 

pons  Varolii 
Medulla  oblongata. 
Medulla  oblongata. 

Medulla  oblongata. 


Spinal  coixl. 
Medulla  oblongata. 
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The  deep  cerebral  coDiiexiona  of  the  cranial  uerves  are  dealt  with  in  the 
section  which  treats  of  the  Brain  (pp.  514  and  540).  Certain  general  pointa  in 
connexion  with  these  nerves  are  also  touched  upon  in  the  chapter  introductory  to 
the  Nervous  System  (p.  443). 

The  First  or  Olfactory  Nkrvb. 

The  olfactory  nerve  (n.  olfactorJua)  consists  of  several  parts  :  (1)  a  series  of  fine 
nerves,  which  arise  from  (2)  the  olftwitory  bulb.     This  again  is  connected  by  (3) 


Hypoglo* 

FlO.  517.— VCIW    C, „u,„r.^,.    wr     ,o.    -„-,... 

vitli  Ihd  lover  portion  of  the  temporal  and  occipilal  lobea,  ■nd  the  ccrabellimi  oil  the  l«ft  side  i 
to  gbow  the  origiaa  ot  the  cr&ui&l  D«n'eB. 

the  ol&ctoiy  tract  with  the  brain,  to  which  it  is  attached  by  (4)  two  roots  (Fig.  517). 

The  anatomy  of  the  roots,  tract,  and  bulb  of  the  olfactory  nerve  are  described 
elsewhere  (pp.  569  and  587). 

The  olfactory  nerves,  about  twenty  in  number,  arise  from  the  under  surface  of 
the  olfactory  bulb.  The  fibres  are  non-medulla  ted.  Piercing  the  cribriform  plate 
of  the  ethmoid  bone,  enveloped  in  sheaths  of  dura  mater,  they  are  distributed  in 
the  nasal  cavity  as  the  nerves  of  smell.  The  fibres  form  fine  plexuses  over  a  limited 
area  on  the  upper  portion  of  the  nasal  septum,  and  to  even  a  less  extent  over  the 
outer  wall  of  the  nose. 

The  Second  ok  Optic  Nerve. 

The  optic  nerve  (a.  opticus)  arises  from  the  brain  by  means  of  the  optic  txact 
(Fig.  551),     This  takes  origin  from  the  external  and  internal  geniculate  bodies. 


THE  THIRD  OR  OCTTLO-MOTOR  NERVE.  67'7 

Bulciu,  on  the  inner  side  of  the  cms  cerebri,  just  in  front  of  the  pons  Varolii  (Fig. 
517).  Passing  forwards  between  the  posterior  cerebral  and  superior  cerebellar 
arteries,  the  nerve  pierces  the  dura  niater  on  the  outer  side  of  the  posterior  clinoid 
process,  in  a  small  triangular  space  between  the  free  and  attached  borders  of  the 
tentorium  cerebelli.  Beneath  the  dura  mater  the  nerve  courses  through  the  outer 
wall  of  the  cavernous  sinus,  and  enters  the  orbit  through  the  sphenoidal  fissure 


Innctln 
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and  between  the  two  heads  of  the  external  rectus  muscle     Ab  it  enters  the  orbit 
it  divides  into  upper  and  lower  branches,  separated  by  the  nasal  nerve. 

Branches. — The  saperior  branch  of  the  nerve  supplies  two  muscles  of  the  orbit 
— the  superior  rectus  and  the  levator  palpebrie  superioris. 

The  inferior  branch 
passes  forwards,  and  after 
giving  branches  to  the 
internal  and  inferior  recti, 
ends  in  the  inferior  oblique 

muscla     The  short  root  of  „ng 

the  ciliary  ganglion  arises 
from  the  terminal  branch 
which  goes  to  the  last- 
named  muscle. 

Oommnnications. — 1.  In 
the  cavernous  ainua  the  third 
uerve  communicates  with  the 
cavernous  plexus  on  the  in- 
ternal carotid  artery.  2.  In 
the  cavernous  siiiiia  it  also 
receives  a  slender  commuoi- 
oation  from  the  ophthalmic 
division  of  the  fifth  nerve.  3.  The  short  root  of  the  cUlary  ganglion  passes  upwards 
fmrn  the  branch  of  the  nerve  which  supplies  the  inferior  oblique  muscle. 

The  Fourth  or  Trochlear  Nerve. 

The  trochlear  nerve  (n.  trochlearis  or  patheticus)  emerges  from  the  dorsal 
surface  of  the  mid-brain.  It  springs  at  the  side  of  the  /renxUv-m  from  the 
anterior  end  of  the  superior  medullary  velum,  just  behind  the  corpora  quadri- 
gemina  (for  deep  origin,  see  p.  540).  It  is  extremely  slender,  and  of  consider- 
able length.  Passing  round  the  crus  cerebri,  the  nerve  appears  in  the  base  of 
the  brain  behind  the  optic  tract,  in  the  interval  between  the  crus  cerebri  internally 
and  the  temporal  lobe  of  the  cerebrum  externally.  Continued  forwards  to  the  base 
of  the  skull,  it  pierces  the  free  border  of  the  tentorium  cerebelli,  on  the  outer  side 
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of  the  third  nerve,  and  proceeds  fonvarda  in  the  outer  wall  of  the  cavernous  sinaB, 
to  the  sphenoidal  fissure  lying  between  the  third  and  ophthalmic  nerves.  It 
enters  the  orbit  above  the  musclea  of  the  eyeball,  and  terminates  in  the  orbital 
(superior)  surface  of  the  superior  oblique  muscle. 

Commnnicationa. — In   the  cavernous  sinus  the  nerve  receives  (1)  a  communicatiog 


AbdiH-en 
TrtgsinliKi 
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branch  from  the  eavemouB  or  carotid  plexus  on  the  internal  carotid  artery,  and  C2)  ft 
slender  filament  from  the  ophtlialmic  division  of  the  fifth  nerve. 

The  Fifth,  Trigeminal  or  Trifacial  Nkrve. 

The  trigeminal  nerve  (n.  trigeminus)  arises  from  the  surface  of  the  pons  Varolii  in 
ita  outer  part  liy  two  roots,  a  large  seoBory  root  (portio  major)  and  a  small  motor  root 
(portio  minor)  (Fig.  517.  p.  675).  The  two  roots  proceed  forwards  in  the  posterior 
fossa  of  the  base  of  the  skull,  and  piercing  the  dura  mater  beneAth  the  attachment 
of  the  tentorium  cerebelli  to  the  superior  border  of  the  petrous  portion  of  the 
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temporal  bone,  enter  a  cavity  in  the  dura  mater  (cavum  Meckelii)  over  the  apex  of 
the  petrous  bone.     The  lai^e  seosory  root  gradually  conceals  the  Bmall  motor  root 
in  its  course  forwards,  and  expands  beneath  the  dura  mater  into  a  large  flattened 
ganglion.^the  Oasseiiui  ganglion  (ganglion  semilunare).     This  ganglion  occupies 
an  impression  on  the  apex  of  the  petrous  portion  of  the  temporal  bone,  and  from  it 
three  large  trunks  arise— the  ophthalmic 
or  first,  the  superior  maxillary  or  second, 
and    the   inferior  maxillary   or    third 
divisions    of    the    nerve.      The  small 
motor  root  of  the  nerve  passes  forward 
beneath  the  Gasserian  ganglion,  and  is 
wholly  incorporated  with  the  inferior 
maxillary  division  of  the  nerve. 

Ophthalmic  Division  (n.  ophthal- 
micus).— The  ophthalmic  nerve  passes 
forwards  to  the  orbit  through  the  middle 
fossa  of  the  base  of  the  skull,  beneath 
the  dura  mater.  It  lies  in  the  outer 
wall  of  the  cavernous  sinus,  at  a  lower 
level  than  the  fourth  nerve,  and  reaches 
the  orbit  through  the  sphenoidal  Assure 
(Fig.  520). 

In  the  mall  of  the  caverwm*  nnu»  the 
ophthalmic  nerve  gives  off  (1)  a  small 
recurrent  branch  to  the  dura  mater  (n. 
teutorii),  (2)  communicating  branches  to 
the  cavernous  pleius  of  the  sympathetic 
on  the  internal  carotid  artery,  and  (3) 
small  communicating  twigs  to  the  trunks 
of  the  third,  fourth,  and  sixth  nerves. 

In  the  spkenoidal  fissure  the  nerve  '  \\ 

divides    into    three   main    branches — 
lachrymal,  frontal,  and  nasal  (Fig.  524>  f.,^  628.-di8ti.ibutio!<  or  9.mobt  n>. 

Thel»ohryiiialnerve(n.lacrj'malis)  Hbad  asq  Nbck. 

enters  the  orbit  through  the  outer  angle  ophth,  Ophth«]iuic  divisian  of  th«  ata  nerve ;  st,  Snpfa- 

of     the    sphenoidal    fissure,    above    the  trochle»r  branch;  S,0,  Supra-orbitnl  bmnch;    I.T, 

orbital  mUSClea       Passing    forwards  be-  lnfr.-trochle«  branch  ;L.    l^hrym.l  br»i.ob  ;    N. 

neath    the    periosteum    to    the    anterior  di™ioi,;    T,   Temporal  branch;   H,   M»kr  branch; 

part   of    the  orbit,    the  nerve  ends   by  I.O,  Infra-orUUI  branch ;  Inf.Mai,  iDforiorimuiitarr 

supplying  branches  (a)  to  the  lachrymal  2*™*°°  i  a-t.  Anricuio-temporai  hi^ob  ■  B.  Bu«|J 

1        1      ,!•.    ..       .1.  -  .-  J    r  \  branch ;  M,  Mental  branch ;  C2,  3,  Branches  of  th« 

gUnd,    (6)   to    the  conjunctiva,  and   (c)  ,ecomUnd  thirdcervicalnerve*;  G,O.G™toccipil.l 

to   the   skin   of    the    outer   Canthus    of  nerve ;    S.0,   Small   occipital   nerre ;    Q.A,    Great 

din  o-BB  auricular  nerve  ;  S.C,  Superficial  cervical  nerve  ;  C3. 

"■"^^  ^y  •  Loast  occipital    nerve;    4,    6,   6.  Posterior  primary 


\ 


The  Uchrymal  nerve  communi«if«*  in  the         liivinion  of  4th,  5th,  and  6th  c< 
orbit  with  the  orbital  branch  of  the  superior 

maxiUarj  nerve,   and   on    the    face,   by   its  terminal    branches,   with    the   temporal   branches 
of  the  faci^  nerve  (Fig.  G23). 

The  ftontal  nerv©  (n.  frontalis),  entering  the  orbital  cavity  through  the 
sphenoidal  fissure,  courses  forwards  above  the  ocular  muscles,  and  divides  at  a 
variable  point  into  two  branches— a  larger  supra-orbi tal  and  a  smaller  supra- 
trochlear nerve.  The  Bopra-orbltal  nerv«  (n.  supra-orbi  tali  a)  pa.ises  directly  forwards, 
and  leaves  the  orbit  through  the  supra-orbital  groove  or  foramen  to  reach  the  fore- 
head. It  gives  off  the  following  secondary  brandies :  (1)  the  principal  branches 
(rr.  frontales)  are  distributed  to  the  forehead  and  scalp,  reaching  liackwards  as  far 
as  the  vertex;  (2)  small  branches  supply  the  upper  eyelid;  and  (3)  twigs  are 
distributed  to  the  frontal  sinus.  On  the  forehead  the  supra-orbital  nerve  com- 
municates with  the  temporal  branches  of  the  facial  nerve.  The  supra- trochlear 
nerve  (n.  aupra-trochlearis)  courses  obliquely  forwards  and  inwards  over  the  tendon 
47  6 
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of  the  superior  oblique  muscle  to  reach  the  inner  side  of  the  supra-orbital  arch. 
Leaving  the  cavity  of  the  orbit,  the  nerve  ia  diatributed  to  the  skin  of  the  mesial 
part  of  the  forehead,  the  root  of  the  nose,  and  the  inner  cnnthus  of  the  eye. 

It  commitnicaUs  with  the  iufra-trochlear  branch  of  the  uaeal  nerve,  either  before  ot 
after  leaving  the  orbital  cavity. 

The  naeal  nerve  (n.  naso-ciliaris)  enters  the  orbit  through  the  sphenoidal 
fissure,  between  the  heads  of  the  external  rectus  muscle,  and  between  the  two 
divisiona  of  the  third  nerve  (Fig.  520,  p.  677).  It  crosses  the  orbital  cavity 
obliquely  to  reach  the  anterior  ethmoidal  foramen,  lying  ui  its  course  below  the 
superior  rectus  and  superior  oblique  muscles,  and  above  the  optic  nerve  and  internal 
rectus  rauacle.  The  nerve  ia  transmitted  through  the  anterior  ethmoidal  foramen 
into  the  cranial  cavity,  where  it  lies  on  the  cribriform  plate  of  the  ethmoid  bone. 

It  enters  the  nasal  cavity 
through  the  nasal  fissure,  and 
terminates  by  dividing  into 
internal  andextemal  branches. 
The  internal  division  supphea 
the  mucous  membraneover  the 
upper  and  anterior  part  of  the 
nasal  septum  (rr.  mediales). 
The  external  branch,  after 
supplying  collateral  ofisets  to 
the  outer  wall  of  the  nose  (rr. 
lateralea),  finally  appears  on 
the  face  between  the  nasal 
bone  and  lateral  cartilage,  and 
supplies  branches  to  the  skin 
of  the  lower  part  and  tip  of 
the  nose, 

The  branches  of  the  nasal 
nerve    may   be   divided  into 

Vs,  Trigeminal  nerve,  afferent  root ;  Mo,  Efferent  rrot:  G.G.GBBaerian  ,!.„„    „„»„„_:   ■          /    \    -       ,!,„ 

V-Bliof;  M,  Meninge.!  bninch  ,  LC.  Braneh  to  internal  corotid  ^^^^^   ^^tS,   ansmg    {a)   m    the 

artery  ;  Oph,  Ophthalmic  nerve  ;  S.M,  Soperior  maiilUry  nerve  ;  orblt,  (o)  m   the  nOSe,  and  («) 

IM,  Inferior  maxillary  nerve;   111,  Communicstiaa  to  oenlo-  qq  the  face 

motor  nerve  ;  IV,  To  trochlear  nerve  ;  VI,  To  abducent  n«rv»,  r      ...  '    i.-.   ..       .         „i.,„ 

Frontalner.«;f.;,  Branohe.  to  frontal  »i,iua;S.o.anpra.orbital  In  the  Orht   the   branches 

nerve ;  S.t,  Supra -trochlear  nerve ;  L,  Bnoches  lo  upper  eyelid,  are   given   off  in   three  Situa- 

Naeal  nerve  ;  L.Q.  Long  root  to  lenticular  ganglion  ;  8y,  Root  lions — external   to,  over,  and 

from  sympathetic  (on  carotid  artery) ;  111.  Short  root  from  motor    ■„! i     -        .u         _»■       

oeulinerveiC,  8h.rtci1iary  bran/he;:  L.C,Longciliary««rve9;  IQ^rnal     tO     the    OptlC    oene. 

I.T,    Infra-trochlear   nerve ;    E.N,   EitemaU    and    I.N,    Internal  (a)    As     the    nasal     nerve    IlCB 

naaal  nerves.      Lachrymal  nerve  ;  O,  Orbital  branch  ot  superior  external     tO     the    Optic    nerve, 

r.°l,'7L,"S™.;i,"i;.«S'.';;[ZV  "'"■■' ^   "•  '""•°"""  it  give,  off  the  low™,  of  tt, 

ciliary  ganglion  (radix  longs,i. 
(b)  As  it  crosses  the  optic  nerve  two  long  ciliary  branches  (nn.  ciliaris  longi)  arise, 
and  pass  forwards  alongside  the  optic  nerve  to  the  eyeball  (c)  On  the  inner  side 
of  the  optic  nerve  the  infra-trochlear  nerve  (n.  infra-trochlearis)  arises,  a  slender 
branch  which  courses  forward  beneath  the  pulley  of  the  superior  oblique  muscle  to 
the  front  of  the  orbit.  It  ends  on  the  face  by  supplying  the  skin  of  the  root  of  the 
nose  and  the  eyelids,  and  communicates  either  in  the  orbit  or  on  the  face  with 
the  supra- trochlear  nerve.  On  the  face  it  also  communicates  with  infra-orbital 
branches  of  the  facial  nerve. 

In  the  nose  the  internal  nasal  branch  supplies  the  mucous  membrane  of  the 
fore-j^art  of  the  nasal  aeptum ;  the  external  nasal  branch  supplies  the  fore-part  ^f 
the  outer  wall  of  the  nose. 

On  the  face  the  terminal  filaments  of  the  nerve  are  diatributed  to  the  skin  of 
the  lower  half  and  tip  of  the  iioae.  The  superficial  terminal  branch  communicates 
with  the  infra-orbital  branches  of  the  facial  nerve  (Fig.  523). 

The  ciliary  or  lenticular  ganglion  (ganglion  ciliare)  is  associated  with  the 
nasal  branch  of  the  ophthalmic  nerve  and  with  the  lower  division  of  the  third 
nerve.     It  is  a  small  reddish  ganglion,  placed  between  the  external  rectus  muscle 


Flo.  524, 


Ophthalmic 


THE  FIFTH,  TRIGEMINAL  OB  TRIFACIAL  NERVE.  681 

and  the  optic  nerve,  and  in  front  of  the  ophthalmic  artery.  Its  roots  are  three  in 
numher:  (1)  sensory  or  long  (radix  longa),  derived  from  the  naaal  branch  of  the 
ophthalmic  nerve ;  (2)  motor  or  short  (radix  brevis),  derived  from  the  inferior 
division  of  the  third  nerve;  and  (3)  sympathstic,  a  slender  filament  from  the 
cavernous  plexus  on  the  internal  carotid  artery,  which  may  exist  as  an  independent 
root  or  may  be  incorporated  with  the  long  root  from  the  nasal  nerve.  The  branches 
from  the  ganglion  are  twelve  to  fifteen  short  ciliary  nerves  (nn.  ciliares  breves), 
which  pass  to  the  eyeball  in  two  groups  above  and  below  the  optic  nerve.  They 
supply  the  coats  of  the  eyeball,  including  the  iris  and  ciliary  muscles.  The  drcvlar 
fibres  of  the  iris  and  the  ciliary  muscle  are  innervated  by  the  third  nerve ;  the 
radial  fibres  of  the  iris  by  the  sympathetic. 

Saperior  Maxillary  Division  of  the  Fifth  Netre  (n.  maxillariB). — This  large 
ner>'e  courses  forwards  from  its  origin  in  the  Gasserian  ganglion  through  the  middle 
fossa  of  the  base  of  the  skull,  beneath  the  dura  mater,  and  in  relation  to  the  lower 
part  of  the  cavernous  sinus  (Fig,  520,  p.  677).  Passing  through  the  foramen 
rotundum  in  the  root  of  the  pterygoid  process,  it  traverses  the  spheno-maxillary 
fossa.     It  enters  the  orbit  as  the  infra-orbital  nerve,  through  the  spheno-maxillary 
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fissure,  and  occupying  successively  the  infra-orbital  groove  and  canal,  it  finally 
appears  on  the  face  through  tim  infra-orbital  foramen  (Fig.  526). 

The  branches  and  communications  of  this  nerve  occur  (a)  in  the  cavity  of  the 
cranium,  (6)  in  the  spheno-maxillary  fossa,  (c)  in  the  infra-orbital  canal,  and  (rf) 
on  the  face. 

In  the  cavity  of  the  cranium  the  nerve  gives  off  a  minute  recurrent  branch  (n. 
meningeus)  to  the  dura  mater  of  the  middle  fossa  of  the  base  of  the  skull. 

In  the  ^heno-maxillary  fossa  the  nerve  gives  off— (1)  two  short  thick  spheno- 
palatine nerves  (nn.  spheno- palatini),  the  short  or  sensory  roots  of  the  spheno- 
palatine (Meckel's)  ganglion.  (2)  A  posterior  dental  nerre,  which  may  be  double 
(nn.  alveolares  superiores),  descends  through  the  ptery go-maxillary  fissure  to  the 
outer  side  of  the  upper  jaw,  and  proceeds  forwartis  along  the  alveolar  arch,  in 
company  with  the  posterior  dental  artery.  It  supplies  the  gum  and  the  upper 
molar  teeth  by  branches  which  perforate  the  bone  to  reach  the  alveoh.  The  nerve 
forma  a  fine  plexus  joined  by  the  nii<ldle  dental  nerve  before  finally  reaching  the 
teeth.  (3)  A  small  orbital  branch  (n.  zygoniaticus)  enters  the  orbital  cavity  through 
the  spheno-maxillary  fissure,  and  proceeding  along  the  outer  wall,  communicates 
with  the  lachrymal  nerve,  and  passes  through  the  orbital  canal  in  the  malar  bone, 
where  it  divides  into  malar  and  temporal  branches.  The  maUr  branch  (n.  zygo- 
matico-facialis)  appears  on  the  face,  after  travei-eing  the  makr  bone,  and  suppUes 
the  skin  over  that  bone.  It  communicates  with  the  malar  branches  of  the  facial 
nerA'e.     The  temporal  branch  (n.  zygomatico-temporalis)  perforates  the  zygomatic 
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euiface  of  the  malar  bone,  and  is  distributed,  after  piercing  the  temporal  fascia,  to 
the  skin  over  the  fore-part  of  the  temple.  It  communicates  with  the  temporal 
branches  of  the  facial  nerve.  It  may  be  very  minute,  and  not  paaa  further  than 
the  temporal  fascia,  between  the  two  layers  of  which  it  may  form  a  communication 
with  the  facial  nerve.  (4)  The  infra-orbital  nerve  (n.  iofra-orbitalis)  is  the  termioal 
branch  of  the  superior  maxillary  nerve,  which  enters  the  orbit  through  the  spheno- 
maxillary fissure  and  traverses  the  infra-orbital  canal  to  reach  the  face. 

In  the  infra-orbital  canal  the  infra-orbital  nerve  supplies  one  and  sometimes 
two  branches  to  the  teeth — the  middle  and  anterior  dental  nervee  (rr.  alveolarea 
superiores  medius  and  anterior).  The  former  may  be  only  a  secondary  branch  of 
the  latter  nerve,  or  they  may  arise  independently  from  the  infra-orbital  nerve. 

However  formed, 
the  nerves  deecend 
in  bony  canals  in 
the  waU  of  the  an- 
trum of  Highmore 
(to  the  lining  of 
which  brancheaare 
given),  and  reach 
the  alveolar  arch, 
where  they  form 
minute  plexuses 
and  supply  the 
teeth  (joining  pos- 
teriorly with  the 
branches  of  the 
posterior  dental 
nerve).  The  an- 
terior dental  nerve 
supplies  the  incisor 
and  canine  teelh ; 
the  middle  dental 
nerve  supplies  the 
premolar  teeth. 
After  emerging 
Fni.526.-8cHKiia  of  thi  Course  and  Dibthwutiox  op  th«  Supemob  0«(A«/ac«  from  the 

Maxilukt  .\ebvk.  mira-orbital   lora- 

Rec,  Becurreat  branch  id  the  middle  fowa  of  the  skull  ;  M.G,  Meckel'i  ganglioD  in  Dien,  the  infra  - 
theBpheno-rauillirrrosBa;  S.P,  Sphcna-palatineii«rve<i ;  S.N,  Bnpcriar  dukI  orbital  nerve  di- 
brancb  ;  Orb,  OrbiUI  norv«  ;  T,  Temporal,  «iid  K.  MbIk  bnnchec  ;  I.O,  yides  into  a  HUm- 
iD&a-orbiMI   Derve,    appearing  od   the  face  ;  F,   Palpebral ;  N,   Nual,   lud   ,  „  j  '     .  - 

L,   Labial   branches  j    A.D,    Autarior  denUl   braDch  :    M.D,    Mi.idle   deiiUl    ^61  Ot    radiatlU^ 
branch;  N.P,  Naao-pnlatiiiB  nerve  ;  P.D,  Posterior  dental  branch  ;  !.N,  Inferior  branches  arranged 

oaaal  branch  ;  L.P.P,  Large  pOHterior  palatine  nerve  ;  S.P.P,  Small  poalerior  jq    three    Bets (o I 

palatine  nerve  ;  Ace,  Accesaory  posterior  palatine  nerve  ;  Vid,  Vidian  nerve  ;       ,     ,      ,      r        \ 
Pt.Pal.  Pleryg^-palatino  branch.  P»lpehrml.     foT     tho 

lower  eyelid ;  ■  h] 
nasal,  for  the  skin  of  the  side  of  the  nose ;  and  (c)  labial,  for  the  cheek  and  upper  lip. 
These  branches  form  communications  with  the  infra-orbital  branches  of  the  facial 
nerve,  and  give  rise  to  the  infra-orbital  plexus  (Fig.  523,  p.  679). 

The  sphenopalatine  or  Meckel's  ganglion  (g.  spheno-palatinum)  occupies  the 
upper  part  of  the  spheno-maxillary  fossa.  It  is  a  small  reddiah-gray  ganglif>n, 
suspended  from  the  superior  maxillary  nerve  by  the  two  spheno -palatine  lirancliM 
which  constitute  its  sensory  roots.  The  motor  and  sympathetic  roots  of  the  ganglion 
are  derived  from  the  vidian  nerve.  This  nerve  is  formed  in  the  cavity  of  the  skull 
upon  the  cartilage  filling  up  the  foramen  lacerum  medium,  by  the  imion  of  the 
f/reat  superficial  petrosal  nerre  from  the  geniculate  ganglion  of  the  facial  nerve 
(emerging  from  the  temporal  bono  through  the  hiatus  Fallopii)  with  the  great  deep 
petrosal  nerve,  a  branch  of  the  carotid  plexus  of  the  sympathetic  on  the  internal 
carotid  artery.  The  vidian  nerve  passes  through  the  vidian  canal  to  the  spheno- 
maxillary fossa,  where  it  ends  in  Meckel's  ganglion. 
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The  branches  from  the  ganglion  are  seven  in  number,  (a)  The  pterygo-palatme 
or  pharsrngeal  branch  passes  backwards  through  the  pterygo-palatine  canal  to 
supply  the  mucous  membrane  of  the  roof  of  the  pharynx. 

(6)  The  posterior  palatine  nerves,  three  in  number,  are  directed  downwards  to  the 
palate  through  the  posterior  palatine  canals.  The  largeposterior  palatinenerve  emerges 
on  the  under  surface  of  the  palate  through  the  large  posterior  palatine  canal,  and  at 
once  separates  into  numerous  branches  for  the  supply  of  the  mucous  membrane  of  the 
soft  and  the  hard  palate.  Its  anterior  filaments  communicate  with  branches  of  the 
naso-palatine  nerve.  The  main  nerve  gives  off,  as  it  lies  in  the  posterior  palatine  canal, 
a  small  inferior  nasal  nerve  which  enters  the  nasal  cavity  and  supplies  the  mucous 
membrane  of  the  lower  part  of  the  outer  wall  of  the  nose.  The  small  posterior 
palatine  nerve  descends  through  the  small  posterior  palatine  canal,  and,  piercing 
the  tuberosity  of  the  palate  bone,  is  distributed  to  the  mucous  membrane  of  the 
Boft  palate,  uvula,  and  tonsil.  It  possibly  conveys  motor  fibres  to  the  levator  palati 
and  azygos  uvulae  muscles.  The  accessory  posterior  palatine  nerves  are  one  or 
more  small  twigs  which  pass  through  accessory  posterior  palatine  canals,  and 
supply  branches  to  the  mucous  membrane  of  the  tonsil,  soft  palate,  and  uvula. 

(c)  The  branches  directed  inwards  from  Meckel's  ganglion  enter  the  nasal 
cavity  through  the  spheno -palatine  foramen.  They  are  two  in  number — the 
superior  nasal  and  the  naso-palatine.  The  superior  nasal  nerve  is  a  small  nerve 
destined  for  the  mucous  membrane  of  the  upper  and  back  part  of  the  outer  wall  of 
the  nose.  The  naso-palatine  nerve,  after  passing  through  the  spheno>palatine 
foramen,  crosses  the  roof  of  the  nose,  and  extends  obliquely  downwards  and 
forwards  along  the  nasal  septum,  grooving  the  vomer  in  its  course,  to  reach  the 
incisor  foramen  near  the  front  of  the  hard  palate.  The  nerves  pass  through  the 
subordinate  mesial  foramina  (of  Scarpa),  the  left  nerve  in  front  of  the  right.  In 
the  incisor  foramen  the  two  nerves  communicate  together.  They  then  turn  back- 
wards and  supply  the  mucous  membrane  of  the  hard  palate.  They  communicate 
posteriorly  with  terminal  filaments  of  the  large  posterior  palatine  nerves.  In  its 
course  through  the  nasal  cavity  the  naso-palatine  nerve  furnishes  collateral  branches 
to  the  mucous  membrane  of  the  roof  and  septum  of  the  nose  (Fig.  518,  p.  676). 

(d)  The  orbital  branclies,  one  or  more  minute  branches,  pass  upwards  to  the 
periosteum  of  the  orbit  from  Meckel's  gangUon. 

Inferior  Maxillary  Nerve  (n.  mandibularis). — The  inferior  maxillary  nerve 
is  formed  by  the  union  of  two  roots :  a  large  sensory  root,  from  the  Gasserian 
ganglion,  and  the  small  motor  root  of  the  trigeminal  nerve,  which  is  wholly 
incorporated  with  this  trunk.  The  two  roots  pass  together  beneath  the  dura  mater 
of  the  middle  fossa  of  the  base  of  the  skull  to  the  foramen  ovale,  through  which 
they  emerge  into  the  pterygoid  region.  Outside  the  skull  they  combine  to  form  a 
single  trunk,  which  soon  separates  into  anterior  and  posterior  divisions. 

At  its  emergence  from  the  skull  the  nerve  is  deeply  placed  beneath  the  middle 
of  the  zygomatic  arch,  and  is  concealed  by  the  ramus  of  the  lower  jaw,  and  by  the 
temporal,  masseter,  and  external  pterygoid  muscles. 

The  branches  of  the  inferior  maxillary  nerve  may  be  divided  into  two  series — 
(1)  those  derived  from  the  undivided  nerve,  and  (2)  those  derived  from  the  terminal 
divisions  of  the  nerve. 

The  branches  of  the  undivided  nerve  are  two  in  number,  (a)  A  small 
recnrrent  branch  (n.  spinosus)  arises  just  outside  the  skull,  and  accompanying  the 
middle  meningeal  artery  through  the  foramen  spinosum,  supplies  the  dura  mater. 
(b)  In  the  pterygoid  region  a  small  branch  arises  for  the  supply  of  the  internal 
pterygoid  muscle.     This  nerve  forms  a  connexion  with  the  otic  ganglion. 

The  terminal  divisions  of  the  nerve  are  a  small  anterior  and  a  large  posterior 
trunk. 

The  small  anterior  trunk  passes  downwards  and  forwards  beneath  the  external 
pterygoid  muscle,  and  separates  into  the  following  branches : — (1)  A  branch  for  the 
external  pterygoid  muscle  (n.  pterygoideus  externus),  which  supplies  it  on  its  deep 
surface ;  (2)  a  branch  to  the  masseter  muscle  (n.  massetericus),  which  passes  over 
the  upper  border  of  the  external  pterygoid  and  through  the  sigmoid  notch  of  the 
lower  jaw;  (3)  and  (4)  two  branches  to  the  temporal  muscle  (nn.  temporales  pro- 
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fundi,  anterior  et  posterior),  which  aleo  ascend  above  the  external  pterygoid 
muBcle ;  and  (5)  the  bnccal  narra  (n.  buccinatoriua),  which  passes  obliquely 
forwards  between  the  two  heada  of  the  external  pterygoid  to  reacli  the  buccinator 
muBcle.  This  nerve  is  sensory,  and  its  fibres  are  in  part  distributed  to  the  skin  of 
the  cheek  (communicating  with  buccal  branches  of  the  facial  nerve) ;  they  are  also 
in  part  distributed  bo  the  mucous  membrane  of  the  inside  of  the  moutb,  to  reach 
which  they  pierce  the  fibres  of  the  buccinator  muscle.     The  buccal  nerve  usually 

supplies  a  third  branch  to 
^^  the  temporal  muscle,  after 

emerging  between  the  two 
heads  of  the  external 
pterygoid  muscle  (Fig.  523, 
p.  679). 

The  Urge  posterior 
trunk  extends  downwards 
a  short  way  beneath  the 
external  pterygoid  muscle. 
After  giving  off  by  two 
roots  the  auriculo -temporal 
nerve,  it  ends  by  dividiDg 
into  two,  the  Imgual  and 
the  inferior  dental  ner\'es. 
The  auricolo-tflmporal 
nerre  (n.  auriculo- tempor- 
alis) is  formed  by  the  unioD 
of  two  roots  which  embrace 
the  middle  meningeal 
artery.  The  nerve  passes 
backwards  beneath  tlie 
external  pterygoid  muscle 
and  between  the  internal 
lateral  ligament  and  Che 
neck  of  the  lower  jaw. 
F,a.  S27.-Sc«-B  jJ-^J^^DwiBrecrioK  ok  thb  i«k«uor         Entering  the  substanoe  ot 

V,..M...feri.,u..-ilUn--rve;S.Affe™„t,LodMo.Eire™trooU;  M,  5*?*  fT^'^J^^^  ''tZ 
MeniDgeilhranoli;  0.0.  Otic  gttngliot,;l.Pt,  Nerve  to  inttmalpttry-  directed  upwUrds  to  the 
goid  ;  S.8.P,  Small  supertlclfti  petrosnl  Denre  :  T.T,  Nerves  to  tensor  temple  OVer  the  zygOUia  in 
tyrapani,  and  T.P,  Tensor  paliU  j  Tj.Plei,  Tympuuu  pleiBB  ;  I.C,  company  witll  the  temporal 
Internal  carotid  artery;  S.D.1',  Small  deep  petrosaV  nerve;  G.G,        .  t»     '       A      11      Aia 

GeniciiUle  ganglion  ;  F,  Facial  necre;  Ty,  Tympanic  branch  ;  O.Pl).  «rterj.  It  13  Dnally  018- 
OloBHO- pharyngeal  nerve ;  H.M,  Middle  meningeal  artery ;  A.T,  trlbuted  aS  a  CUtanCOtlS 
Auriculo-tamporal  nerve ;  F.CommuniuaUou  with  facUlniirve;  Par,    nerve    of    the    temple    and 

Nerve  W  parotid  eland  ;  Me,  Branch  to  meatus  of  ear  ;  Pi,  Branch  ■_      _j  _        l       .i .  ,. 

to  pinna  ■   T,  Te^poml  brand. ;   A,  Anterior  division  of  inferior   «"»'?.  "»<!  reaches  almost  tO 
maxillary  nerve  ;  E.  Pt,  Nervei  to  eitomal  pterygoid  ;  M.  Maueler  :    the  Vertex  01  the  SKUll. 
T.T.T,  Temporal,    and  Bacc,    Buccinator   rouwlea  ;    Po,    Postarior  The     auriculo-temponil 

division  of  inferior  maxillary  nene  ;  L.  Lingual  nerve  ;  C.T,  Chorda  „„„,„  ^,.„„  „«■  tu„  i-„||„„ 
tymp«ni  nerve;  Suh.O,  Snh -maxillary  ganglion;  Hy.  Hy;>oglo«al  ns^ve  glves  off  the  follow- 
nerve  ;  I.ll.  Inferior  dental  nerve  ;  Uy.hy.  Mylohyoid  nerve ;  Hy.  Ing  branches: — (1)  A  Small 
Nerve  to  mylohyoid ;  Di.  Nerve  to  digastric  (anterior  belly) ;  branch  tO  the  tempOTO- 
MenL,  MenUl  Branch  ;  Sty.GI.  Stylo-gloMus  ;  H.Gl,  Hyoglossus  ;  ,in„„  „rt;„„l„*;„„      {'» 

G.H.G,Genio.hyog!osaus  muscles.  maxillary  articulation.    (-') 

Branches  to  the  parotid 
gland.  (3)  A  twig  for  the  supply  of  the  skin  of  the  external  auditory  meatus 
(and  membrana  tympani).  (4)  Branches  to  the  upper  half  of  the  pinna  on  its 
outer  aspect.     (5)  Terminal  branohss  to  the  akin  of  the  temple  and  scalp. 

It  has  the  following  commnnicatioas  with  other  nerves: — (I)  Important  communiea- 
tions  are  effected  by  the  roots  of  the  nerve,  which  are  separately  joined  by  small  branches 
from  the  otic  ganglion.  (2)  The  parotid  brandies  of  the  nerve  are  connected  with  bmiichea 
ot  the  facial  nerve  in  the  substance  of  the  gland.  (3)  The  temporal  branch  of  the  nerve 
is  in  communication  superficially  with  the  temporal  branches  of  the  facial  ner^c. 

The  lingual  nerve  (n.  lingualis)  is  the  smaller  of  the  two  terminal  brancbw 
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of  the  posterior  division  of  the  inferior  maxillary  nerve.  It  proceeds  downwards  in 
front  of  the  inferior  dental  nerve,  beneath  the  external  pterygoid  muscle,  to  its  lower 
border.  After  passing  between  the  internal  pterygoid  muscle,  and  the  ramus  of  the 
lower  jaw,  it  crosses  beneath  the  mucous  membrane  of  the  floor  of  the  mouth  in  the 
interval  between  the  mylohyoid  and  hyoglossus  muscles  and  beneath  the  duct  of 
the  submaxillary  gland.  It  sweeps  forwards  and  inwards  to  the  side  of  the 
tongue,  to  the  mucous  membrane  over  the  anterior  two-thirds  of  which  it  is 
distributed. 

Two  nerves  communicate  with  the  lingual  nerve  in  its  course  to  the  tongue  : — 

(1)  The  chorda  tympani  branch  of  the  facial  nerve  joins  it  beneath  the  external 
pterygoid  muscle,  and  is  incorporated  with  it  in  its  distribution  to  the  tongue. 

(2)  The  hypoglossal  nerve  forms  larger  or  smaller  loops  of  communication  with 
the  lingual  nerve  as  they  course  forwards  together  over  the  hyoglossus  muscle. 

Besides  supplying  the  aforesaid  branches  to  the  mucous  membrane  over  the 
sides  and  dorsum  of  the  tongue  in  its  anterior  two-thirds,  the  lingual  nerve  supplies 
the  mucous  membrane  of  the  outer  wall  and  floor  of  the  mouth.  It  also  assists, 
along  with  the  chorda  tympani  nerve,  in  forming  the  roots  of  the  submaxillary 
ganglion. 

The  submaxillary  ganglion  (ganglion  submaxillare)  is  a  minute  reddish 
ganglion  placed  on  the  hyoglossus  muscle,  between  the  lingual  nerve  and  the 
duct  of  the  submaxillary  gland.  It  is  suspended  from  the  former  by  two  trunks, 
consisting  for  the  most  part  of  fibres  of  the  lingual  and  chorda  tympani  nerves 
which  at  this  point  become  separated  from  the  lingual  nerve  and  incorporated  with 
the  ganglion.  The  rootB  of  the  ganglion  are — (1)  an  afferent  root,  derived  from 
the  Ungual  nerve ;  (2)  an  efferent  root,  derived  from  the  chorda  tympani ;  and  (3)  a 
sympathetic  root,  from  the  sympathetic  plexus  upon  the  facial  artery. 

The  branches  from  the  ganglion  are  distributed  to  the  submaxillary  gland  and 
Wharton's  duct,  and  by  fibres  which  become  reunited  with  the  trunk  of  the  lingual 
nerve,  to  the  sublingual  gland. 

The  inferior  dental  nerve  (n.  alveolaris  inferior)  is  larger  than  the  lingual 
nerve.  It  passes  from  beneath  the  lower  border  of  the  external  pterygoid  muscle 
to  reach  the  interval  between  the  ramus  and  internal  lateral  ligament  of  the  lower 
jaw.  Entering  the  inferior  dental  canal  through  the  inferior  dental  foramen,  it 
traverses  the  substance  of  the  ramus  and  body  of  the  lower  jaw,  distributing 
branches  in  its  course  to  the  teeth.  A  fine  plexus  is  formed  by  the  dental  branches 
before  they  finally  supply  the  teeth. 

Branches  and  Commnnications. — (1)  The  mylohyoid  nerve  is  a  small  branch 
arising  just  before  the  inferior  dental  nerve  passes  through  the  inferior  dental 
foramen.  Grooving  the  ramus  of  the  jaw  in  its  course,  it  descends  into  the 
submaxillary  triangle  on  the  superficial  aspect  of  the  mylohyoid  muscle.  Concealed 
in  this  situation  by  the  submaxillary  gland  and  the  facial  artery,  it  is  distributed 
to  the  mylohyoid  and  anterior  belly  of  the  digastric  muscles.  (2)  The  mental 
branch  of  the  inferior  dental  nerve  is  a  trunk  of  considerable  size  arising  from  the 
main  nerve  in  the  inferior  dental  canal.  It  emerges  from  the  lower  jaw  through 
the  mental  foramen,  and  is  distributed  by  many  branches  to  the  chin  and  lower 
lip.  It  communicates  beneath  the  facial  muscles  with  the  supra-mandibular 
branches  of  the  facial  nerve  (Fig.  523,  p.  679).  (3)  The  incisor  branch  is  the  terminal 
part  of  the  inferior  dental  nerve  remaining  after  the  origin  of  the  mental  branch. 
It  supplies  the  incisor  and  canine  teeth. 

The  otic  ganglion  (g.  oticum)  is  situated  beneath  the  inferior  maxillary  nerve 
just  below  the  foramen  ovale.  Like  the  other  ganglia  described  above,  it  possesses 
three  roots : — (1)  A  motor  root,  derived  from  the  nerve  to  the  internal  pterygoid 
muscle ;  (2)  a  sensory  root,  formed  by  the  small  superficial  petrosal  nerve  from  the 
tympanic  plexus  (through  which  communications  are  effected  with  the  tympanic 
branch  of  the  glosso-pharyngeal  nerve,  and  a  branch  from  the  geniculate  ganglion 
of  the  facial  nerve);  (3)  a  sympathetic  root,  from  the  plexus  on  the  middle 
meningeal  artery  (Fig.  527). 

Five  branches  arise  from  the  ganglion — three  communicating  and  two  motor 
branches    The  three  commnnicating  nerves  are  fine  branches  which  join  respectively 
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the  vidian  nerve,  the  roots  of  the  auriculo-temporal,  and  the  chorda  tympani 
nerve.  The  two  motor  nenres  supply  the  tensor  tympani  and  tensor  palati 
muscles. 

Summary. — The  trigemiual,  the  largest  and  moet  complex  of  the  cranial  nerves,  is  (1)  the 
chief  sensory  nerve  for  the  face,  the  anterior  half  of  the  scalp,  the  orbit  and  eyeball,  the  noee  and 
nasal  cavity,  the  lips,  teeth,  mouth,  and  two-thirds  of  the  tongue  ;  (2)  the  motor  fibres  of  the 
nerve  supply  the  muscles  of  mastication,  the  mylohyoid  and  anterior  belly  of  the  digastric, 
possibly  tne  levator  palati  and  azygos  uvulse  (through  Meckel's  ganglion),  and  the  tensor  tympani 
and  tensor  palati  muscles  (througn  the  otic  ganglion) ;  (3)  through  the  ganglia  placed  on  the 
three  divisions  of  the  nerve,  not  only  are  important  organs,  areas,  and  muscles  innervat<?d,  but 
communications  are  also  effected  witn  the  sympathetic  system,  with  the  third  nerve  (lenticular 
ganglion),  facial  nerve  (spheno -palatine  and  otic  ganglia),  and  glosso-pharyngeal  nerve  (otic 
gan^lion). 

In  its  distribution  to  the  skin  of  the  face  the  branches  of  the  fifth  nerve  present  two  striking 
peculiarities : — (1)  While  the  branches  to  the  skin  reach  the  surface  at  many  points  and  in 
diverse  ways,  the  three  main  divisions  are  severally,  by  their  branches,  responsible  for  the  supply 
of  three  clearly  demarcated  cutaneous  areas  (Fig.  523,  p.  679).  (2)  By  numerous  communications 
with  the  facial  nerve,  sensory  fibres  are  given  to  tne  muscles  of  expression  supplied  by  the 
facial  nerve. 

The  Sixth  or  Abducent  Nerve. 

The  abducent  nerve  (n.  abducens)  issues  from  the  brain  at  the  lower  border  of 
the  pons  Varolii,  just  above  the  pyramid  of  the  medulla  oblongata  (for  deep  origin, 
see  p.  524).  It  is  directed  forwards,  and  pierces  the  dura  mater  in  the  posterior 
fossa  of  the  base  of  the  skull  alongside  the  dorsum  sellae  (Fig.  522,  p.  678).  It 
then  occupies  the  inner  wall  of  the  cavernous  sinus  and  is  placed  on  the  outer 
side  of  the  internal  carotid  artery.  It  passes  through  the  sphenoidal  fissure  below 
the  third  and  nasal  nerves  and  between  the  two  heads  of  the  external  rectus 
muscle  (Fig.  520,  p.  677).  In  the  cavity  of  the  orbit  it  supplies  the  external  rectus 
muscle  on  its  inner  (ocular)  surface. 

Commnnications. — In  the  wall  of  the  cavernous  sinus  the  sixth  nerve  receives  two 
conomunicating  filaments : — (1)  From  the  carotid  plexus  of  the  sympathetic,  and  (2)  from 
the  ophthalmic  division  of  the  trigeminal  nerve. 

The  Seventh  or  Facial  Nerve. 

The  facial  nerve  (n.  facialis)  emerges  from  the  brain  at  the  posterior  border  of 
the  pons  Varolii,  below  the  trigeminal  nerve  and  internal  to  the  auditory  nerve  (for 
deep  origin,  see  p.  622).  Between  it  and  the  latter  nerve  is  the  minute  pars  inteimediA 
of  Wrisberg  (Fig.  517,  p.  675).  The  nerve  passes  outwards  through  the  internal 
auditory  meatus,  courses  through  the  aqueduct  of  Fallopius  in  the  petrous  portion 
of  the  temporal  bone,  emerges  in  the  base  of  the  skull  by  the  stylo-mastoid  foramen, 
and  passes  forwards  through  the  parotid  gland  to  supply  the  muscles  of  the  face. 
In  the  internal  auditory  meatus  the  nerve  is  placed  upon  the  auditory  nerve,  the 
pars  intermedia  intervening.  In  the  aqueduct  of  Fallopius  the  nerve  first  passes 
backwards  on  the  inner  side  of  the  tympanum,  and  then  downwards  behind  the 
tympanum,  in  the  inner  wall  of  the  tympanic  antrum.  In  the  parotid  gland 
the  nerve  crosses  superficially  the  external  carotid  artery  and  the  temporo-maxillary 
vein.  On  thefojae  its  branches  radiate  from  the  anterior  border  of  the  parotid  gland 
and  enter  the  deep  surface  of  the  facial  muscles. 

Branches  and  Commnnications. — (i.)  In  the  internal  auditory  meatus  the  pars 
intermedia  (n.  intermedius),  lying  iDetween  the  facial  and  auditory,  sends  com- 
municating branches  to  both  nerves.  The  branch  to  the  auditory  nerve  probably 
separates  from  it  again  to  join  the  geniculate  ganglion  of  the  facial  nerva 

(ii.)  In  the  aqueduct  of  Fallopius  the  geniculate  ganglion  (g.  geniculi)  is  formed 
at  the  point  where  the  facial  nerve  bends  backwards  (geniculum  n.  facialis).  It  is 
an  oval  swelling  on  the  nerve,  and  is  joined  by  a  branch  from  the  upper  (vestibular; 
trunk  of  the  auditory  nerve,  by  which  it  probably  receives  fibres  of  the  pars  inter- 
media. From  the  ganglion  three  small  nerves  arise: — (1)  The  large  snperllGul 
petrosal  nerve  passes  forwards  through  the  hiatus  FaUopii  to  the  middle  fossa  of  the 
base  of  the  skull.     On  the  upper  surface  of  the  foramen  lacerum  medium  it  is 
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joined  by  the  great  deep  petrosal  nerve  from  the  sympathetic  plexus  on  the  internal 
carotid  artery  to  form  the  vidian  nerve,  which,  after  traversing  the  vidian  canal, 
ends  in  Meckel's  ganglion.  (2)  A  minute  nerve  pierces  the  temporal  bone  and  joins 
the  tympanic  branch  of  the  glosso-pharyngeal  in  the  substance  of  the  bone.  By 
their  union  the  small  snperflcial  petrosal  nerve  is  formed,  which  pierces  the  temporal 
bone  and  ends  in  the  otic  ganglion.  (3)  The  external  superficial  petrosal  nerve  i9  a 
minute  inconstant  branch  which  joins  the 
sympathetic  plexus  on  the  middle  meningeal 
artery. 

In  the  course  of  the  facial  nerve  in  the 
lower  part  of  the  aqueduct  of  Fallopius, 
behind  the  tympanum,  three  branches  arise — 
(I)  The  small  nerve  to  the  stapedius  muscle, 
which  passes  forwards  to  the  tympanum.  (2) 
The  chorda  tsrmpani  nerve  (probably  associated 
with  the  pars  intermedia),  which  enters  the  m\ 
tympanic  cavity  through  the  iter  chordce 
posteriusy  passes  over  the  membrana  tympani 
and  the  handle  of  the  malleus,  and  leaves 
the  cavity  through  the  iter  chordce  anterius 
to  reach  the  pterygoid  region.  Beneath  the 
external  pterygoid  muscle  it  becomes  incor- 
porated with  the  lingual  branch  of  the  in- 
ferior maxillary  nerve,  and  in  its  further 
course  is  inseparable  from  that  nerve.  It 
supplies  a  root  to  the  sub-maxillary  ganglion, 
and  is  finally  distributed  (probably  as  a 
nerve  of  taste)  to  the  side  and  dorsum  of 
the  tongue  in  ite  anterior  two-thirds.     The 


Fig. 


528.—  Thb  Facial  Nbrvb  with  its 
Branches  and  Comuunicationb  in  thb 
Aqueduct  of  Fallopius. 

chorda  tympani   nerve   receives  beneath   the    yil,  Facial  nerve;   P.I.  Pare  intennedia;  VIII. 


external  pterygoid  muscle  a  fine  communica- 
tion from  the  otic  ganglion.  (3)  Before  it 
leaves  the  aqueduct  of  Fallopius  a  fine  com- 
municating branch  arises  from  the  facial  nerve 
to  join  the  auricular  branch  of  the  pneumo- 
gastric  nerve. 

(iii.)  In  the  neck  the  facial  nerve  gives  oil' 
three  muscular  branches :  (1)  and  (2)  small 
branches  supply  the  stylo- hyoid  and  the 
posterior  belly  of  the  digastric,  the  latter 
nerve  sometimes  communicating  with  the 
gloeso-pharyngeal.  (3)  The  posterior  auzicnlar 
nerve  bends  backwards  and  upwards  over 
the  anterior  border  of  the  mastoid  process 
along  with  the  posterior  auricular  artery. 
It  divides  into  two  branches — an  auricular 
branch  for  the  retrahens  aurem  and  the  intrinsic  muscles  of  the  pinna,  and  an 
occipital  branch  for  the  posterior  belly  of  the  occipito-frontalis  muscle.  The 
posterior  auricular  nerve  communicates  with  the  great  auricular,  small  occipital, 
and  auricular  branch  of  the  pneumogastric  nerves  in  its  course. 

(iv.)  In  the  parotid  gland  the  facial  nerve  spreads  out  in  an  irregular  scrips  of 
branches  (pes  anserinus),  indefinitely  divided  into  a  temporo-facial  and  a  cer\'ico- 
facial  division.  Communications  occur  in  the  substance  of  the  gland  between  the 
main  trunks  and  the  great  auricular  and  auriculo-temporal  nerves. 

The  temporo-facial  division  gives  off  three  series  of  subordinate  branches 
which  radiate  forwards  and  upwards  from  the  parotid  gland. 

1.  The  temporal  branches  are  of  large  size,  and,  sweeping  out  of  the  parotid  gland 
over  the  zygomatic  arch,  are  distributed  to  the  orbicularis  palpebrarum,  frontahs, 
corrugator  supercilii,  attrahens,  and  attollens  aurem.     The  temporal  branches  com- 


Auditory  nerve  ;  Aq.Fal,  Aqueduct  of  Fallo- 
pius ;  6.6,  6eniculate  ganglion  ;  E.S.P,  Ex- 
ternal superficial  petrosid  nerve ;  M.M,  Middle 
meningeal  artery  ;  6.S.P,  6reat  superficial 
petrosal  nerve :  6.  P.  D,  6reat  deep  petrosal 
nerve  ;  I.  C,  Internal  carotid  artery  ;  Vid, 
Vidian  ner\'e ;  M.6,  Meckel's  ganglion  ;  Ty.  PI, 
Tympanic  plexus ;  S.D.P,  Small  deep  petrosal 
nerve ;  6.Ph,  61osso-pharyngeal  nerve ;  Ty, 
Tympanic  branch  ;  S.S.P,  Small  superficial 
petrosal  nerve  ;  0.6,  Otic  ganglion  ;  Stap, 
Nerve  to  stapedius ;  C.T,  Chorda  tympani 
nerve ;  L.  Lingual  nerve ;  A.Va,  Communication 
with  auricular  branch  of  vagus ;  P.  A,  Posterior 
auricular  nerve  ;  Sty.hy,  Nerve  tostylo-hyoid ; 
Oi,  Nerve  to  digastric  (posterior  belly) ;  T.F, 
Temporo-facial  division  ;  C.  F,  Cervico-facial 
division  ;  T.  Temporal  ;  M,  Malar ;  I.O,  Infra- 
orbital ;  B.  Buccal  ;  S.M,  Supra- mandibular, 
and  I.M,  Infra- mandibular  branches. 


688  THE  NEKVOUS  SYSTEM. 

muDicate  in  their  oourae  with  the   auriculo-temporal,  temporal  (of  the  superior 
maxillary),  lachrymal,  and  supra-orbital  branches  of  the  trigeniinal  nerve. 

2.  The  malar  bnuoches  are  Bmall,  and  sometimes  are  inseparable  from  the  temporal 
or  infra-orbital  nerves.     Extending  forwards  across  the  malar  bone,  they  supply 
the  orbicularis  palpebrarum  and  zygomatic  muscles,  and  communicate  with  the  malar 
branch  of  the  superior  maxillary  nerve. 
3.  The  Infra-orbital  bnachei  are  of 
considerablesize.  Passing  forwards  over 
the  masseter  muscle  in  company  with 
Stenson's  duct,  they  supply  the  orbi- 
cularis  palpebrarum,   the    zygomatici, 
buccinator,  and  the  muscles  of  the  noee 
and  upper  lip.    The  intn-orbltal  plezos 
is  formed  by  the  union  of  these  nerves 
with  the  infra-orbital  branch  of  the 
superior   maxillary    nerve    below   the 
lower    eyelid.       Smaller   commumca- 
I  tions  occur  with  the  iufra-trocblear  and 

nasal  nerves  on  the  side  of  the  nose. 

The  cervico-facial  divisioii  of  the 
facial  nerve  also  supplies  three  aeries 
of  secondary  branches. 

1.  The  baccal  branch  (or  branches) 
extends  forwards  to  the  angle  of  the 
mouth  to  supply  the  muscles  con- 
verging to  the  mouth,  including  the 
buccinator.  It  communicates  with  the 
buccal  branch  of  the  inferior  maxillary 
nerve  in  front  of  the  anterior  border 
„         „  of  the  masseter  muscle. 

Fio.   529.  — Dbtbibuiiun   Ov   Facial  Nbrvb  octsidb  „    „,  „      ,___    _.   j-i_i 

THE    SrULI,    and   COMMUSIOATIOKS   WITH  TMOIKWAL  2.    ThO       8a»tE  -  mftlldlblllU 


NiRYi  ON  THs  Face.  passesalongthelower jaw to tbeinterval 

FMlal  nww.  — P.A,  Posterior  nuricuUr  nerve;  8.H,  bctweeu  the  lower  Up  and  chin.  and 

Nerre  to  stylo-hyoid  ;  Di,  Narve  \a  digastric  ((XMlerior   euppUeS  the  depressor  aneuli  oris  de- 

ri'J.";'i-o!TX"oSi™;i^''<;.F'"SS  W^r\.m  infeno™,,  .i  orbiouUm 

facial  iliviAiou  :    B,    Buccal :    Sin,    Supra- uaadibulu  ;    OnS.      It  COmmuniCatOS  With  the  meuUl 

im,  infra-maDdibuUr  braDches.  bianch  of  the  inferior  dental  nerve. 

^4jr«niliuu  narre. — Ophth,  OplithBlmic  division  ;  a.O,  o     fu         ■_*_  j.i   ■  .         i. 

a^ra-orbiUl;    I.T,Inf^.  trochlear ;     N,    EzUmal  3.    The       mfra  -  maadlbulnx       blUCh 

iioioi;  U  lachrymal  braBcLea.     5u]>.Mai,  Superior  emerges  from  the  parotid  gland  near 

maiillftry  division ;    T,   Temporal  ;    M.   Malar ;    1.0.    {fg     lower    end,    and     SWCepS     forwards 

rr;-'"  rL^uloitS  ■  t'tSl"  m":  teW  th,  i^gle  of  the  j.w  to  the  fro.. 

Ueutal  braoches  ;  S.C,  SuperScial  cen'ical  nerve.  Of  the  neck.       It  SUppheS  the  platysma 

myoides,  and  forms  loops  of  communica- 
tion with  the  superficial  cervical  nerve  from  the  cervical  plexus. 

Thb  Eighth  ok  Auditory  Nbrvk. 

The  auditory  nerve  (n.  acusticus)  arises  from  the  brain  by  two  roota,  mesial  and 
lateral.  The  mesial  root  (radix  vestibularis)  emerges  between  the  olive  and  the 
restiform  body.  The  lateral  root  (radix  cochlearis),  continuous  through  the  cochlear 
nucleus  with  the  striie  acusticae  of  the  fourth  ventricle,  winds  round  the  outer  side 
of  the  restiform  body  (for  deep  connexions,  see  p.  519).  The  two  roots  become 
incorporated  to  form  the  irunk  of  the  nerve,  which  is  attached  to  the  brain  on  the 
outer  side  of  the  facial  nerve  and  pars  intermedia  at  the  posterior  border  of  the 
pons  Varolii  (Fig.  517,  p.  675). 

The  nerve  extends  outwards  through  the  internal  auditory  meatus,  lying  beneath 
the  facial  nerve  and  pars  intermedia  (Fig.  522,  p.  678).  In  the  meatus  its  two 
component  parts  separate  from  one  another,  forming  a  superior  or  vestibular  trunk 
continuous  with  the  mesial  root,  and  an  inferior  or  cochlear  trunk  continuous  with 
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the  lateral  root.     These  truok?  again  subdivide,  and  piercing  the  lamina  cribroaa, 
supply  the  eeveral  parts  of  the  labyrinth. 

The  sapetior  or  Testibnlar  tmnk  (n.  vestibnli)  in  the  internal  auditory  meatus 
usually  receives  fibres  from  the  pars  intermediafiaA  gives  otf  a  communicating  branch 


to  the  geniculate  ganglion  of  the  facial  nerve.  It  then  separates  into  three  terminal 
branches  which  pierce  the  lamina  cribrosa,  and  supply  (1)  the  macula  acustica  of 
the  utricle  and  the  ampullEc  of  (2)  the  superior  and  (3)  external  Bemicirciilar  canals. 

The  inferior  or  cochlear  tnmk  (n.  cochleEe)  gives  off  branches  (1)  to  the 
macula  acustica  of  the  saccule,  (2)  to  the  ampulla  of  the  posterior  Bemicircular  canal, 
and  (3)  is  continued  through  the  lamina  cribrosa  to  the  labyrinth  as  th<!  cochlear 
iierT«,  which  is  distributed  through  the  modiolus  and  osseous  spiral  lamina  to  the 
organ  of  Corti  in  the  cochlea. 

Both  the  vestibular  and  cochlear  nerves  contain  among  their  6brea  collections  of  nerve 
cells,  forming  in  each  nerve  a  distinct  ganglion — the  vestibular  ganglion  (g.  vestibulare)  on 
the  vestibular  trunk,  and  the  spiral  ganglion  of  tiie  cochlea  (g.  spirale)  on  the  cochlear  trunk. 

The  Ninth  or  Glosso-phaeyngeal  Nerve. 

The  gloeao-pharyngeal  nerve  (n.  glosso-pharyngeus)  {Fig.  517,  p-  675)  arises  from 
the  brain  by  five  or  six  fine  radicles  which  emerge  from  the  medulla  oblongata  between 
the  olive  and  the  restiform  body,  close  to  the  facial  nerve  above,  and  in  series  with 
the  roots  of  the  pneumogastric  nerve  below  (for  deep  connexions,  see  p.  517).  The 
rootlets  combine  to  form  a  nerve  which  extends  outwards  to  the  jugular  foramen, 
through  which  it  passes,  along  with  the  pneumogastric  and  spinal  accessory  nerves, 
but  enveloped  in  a  separate  sheath  of  dura  mater  (Fig.  522,  p.  673).  Beaching  the 
neck,  the  nerve  arches  downwards  and  forwards  to  the  interval  between  the  hyoid 
bone  and  the  lower  jaw.  It  lies  at  lirst  between  the  internal  carotid  artery  and 
the  internal  jugular  vein,  and  then  between  the  internal  and  external  carotid 
arteries,  in  its  course  to  the  side  of  the  pharynx.  It  sweeps  round  the  stylo- 
pbaryngeus  muscle  and  the  stylo-hyoid  ligament,  and  disappears  beneath  the 
hyoglossus  muscle,  to  reach  its  termination  in  the  tongue. 

The  branches  of  the  nerve  may  be  classified  in  three  series  according  to  tlieir 
origin — (i,)  in  the  jugular  foramen ;  (ii.)  in  the  neck ;  (iii.)  in  relation  to  the  tongue. 

In  the  jugviar  foramtn  there  are  two  enlargements  upon  the  trunk  of  the  nerve 
— the  jugular  and  petrous  gangha.  The  jugnltf  ganglion  (g.  superius)  is  small,  does 
not  implicate  the  whole  width  of  the  nerve,  and  may  be  fused  with  the  petrous 
ganglion,  or  even  absent  altogether.     No  branches  arise  from  it 

The  petrouB  ganglion  (g.  petroeum)  is  distinct  and  constant.  It  is  placed 
upon  the  nerve  at  the  lower  part  of  its  course  through  the  jugular  foramen. 

Branches  and  Communications  of  the  Fetrone  Oanglion. — The  tympanic  branch  (n. 
tympanicuB,  Jacobson's  nerve)  is  the  moat  important  offset  from  this  ganglion.  It 
passes  through  a  small  canal  in  the  bridge  of  bone  between  the  jugular  foramen 
and  the  carotid  canal  to  reach  the  cavity  of  the  tympanum,  where  it  breaks  up  into 
branches,  to  form,  along  with  branches  from  the  carotid  plexus  of  the  sympathetic  on 
the  internal  carotid  artery  (small  deep  patrosal  nerve),  the  tympanic  plexusfor  the  supply 
of  the  mucous  lining  of  the  tympanum,  mastoid  cells,  and  Eustachian  tube  (Fig.  528, 
48 
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p.  687)-     The  fibres  of  the  tympanic  branch  of  the  gloBSo-pharyngeal  nerve  become 

reunited  to  form,  by  their  union  with  a  small  nerve  from  the  geniculate  ganglion  of  the 

facial  nerve,  the  small  saperfldal  petrosal  nerre  in  the  Bubstance  of  the  temporal  bone. 

ThispasBesforwardathrough  the  temporal  boue.and eventually  joins  theotic  ganglion. 

Besidea  forming  the  tyiupauic  branch,  the  petrous  ganglion  of  the  glosso-phaiyDgcnl 

uerve  communicates  with  three  other  nervea — (1)  with  the  superior  cervical  ganglion  ot 

the     Byrapathetic  ;      (2)     with     the 

auricular    branch    of    the    pneiinio  - 

gastric ;  aud  (3)  sometimes  with  tlie 

ganglion  of  the  root  of  the  pueunio- 

gastric. 

In  tkeneek  thegloeso-pharyngeal 
nerve  givea  off  two  braocheB.  (1) 
As  it  croBsea  over  the  Btyla-pharrii- 
gena  muscle  it  aupplies  the  nerve 
to  that  musole,  which  sends  fibres 
through  it  to  reach  the  mucous 
membrane  of  the  pharynz.  (2) 
The  pliaiTiigMl  brandiaaof  the  nerve 
aupply  the  mucous  membrane  of 
the  pharynx  directly  after  piercing 
the  superior  conBtriclor  muscle,  and 
indirectly  after  joining,  along  with 
the  pharyngeal  ofGsete  from  the 
pneumogastric  and  the  superior 
cervical  ganglion  of  the  sym- 
pathetic, in  the  formation  of  the 
phaiyngeal  plexus. 

The   terminal  biwaches   of  the 
nerve    supply   the   mucous   mem- 
_,,„.„  „  „  brane  of  the  tongue  and  adjacent 

''"'''■-'^""^^I.T/a^rNrvr^''""'''^"-  parte.  AtonsimScbranchfimsa 
G.Ph,  aio»«.ph.ryngwI  nerve  ;  J.  JuguUr,  «.d  P,  P.tro«.  P^*"'"^  (circuluB  tonaillans)  to 
ganglia ;  Ty  Tfrnpanic  bruich  (Jicobson's  nsrve) ;  BUpply  the  mUCOUB  membraoe 
Ty.Plei.,  Tympanic  pUxua ;  Fa,  Root  from  geniciilaM  ooverinc  the  tonail,  the  adjOceDl 
ganelion  of  facisl  nerve  ;  S.S.P,  Small  luoerlicial  petrosal  „_^  „t  n,„  „„,v  „„!„*„  „„J  ,1,. 
Serve  to  the  otic  ganglion  ;  8.D.P,  SinJll  A^p  ^et™al  V^^  «•  ^he  Solt  palate,  and  the 
nsrve ;  I.C,  lutenial  carotid  artcr; ;  Va,  pDCumogsstric  pillars  of  the  faUCeS.  Tnnpuj 
nerva;  Aar„  Anricolar  branch  (ArnolJ*  nerve);  Sy.,  bnacbes  Supply  the  mucoua  mem- 
Soperior  cenical  aympathelic  mnglion :  F,  Communi-  i,-™.™  «i-  ff  l»u..l  n,-_l  .  A 
citing  branch  to  faii»l  nerve  ;  Ph.  Phai;nge;i  branch  «f  ^"•»'',  f',  '"^f  "^^^^  ^hird  8nd 
vagn* ;  E.C,  External  carotiil  ttTleo^ !  Ph. PL  Pharyngeal  lateral  half  of  the  tongUe,  extend- 
plexus;    8.Ph,    atylo-piiaryugeus    muKle ;    9.H.L,    Stylo-    ing     backwards    tO    the    glo890-epi- 

O.H,  Qenio.hyoid  ;  Hy,  Hyold  bona.  the  epiglottis. 

The  Tenth  or  Pneumogastric  Nerve. 

The  pDeumogastrio  or  vagus  nerve  (n.  vagus)  arises  from  the  brain  by  numerous 
radicles  attached  to  the  front  of  the  restiform  body  of  tht  medulla  oblongata,  in  series 
with  the  gloaso-pharyngeal  nerve  above  and  the  spinal  aeceasiiry  nerve  below  it  .;'lor 
deep  connexions,  st;e  p.  517).  Uniting  to  form  a  single  trunk,  the  roota  of  the  nerve 
pass  outwards  to  the  jugular  foramen,  through  which  tboy  emerge  into  the  neck. 

In  the  jugular  foramen  the  nerve  occupies  the  sanie  sheath  of  dura  mater  as  the 
spinal  accessory  nerve,  and  is  placed  behind  the  gloa,';o-pharyngeal  nerve.  Two 
ganglia  are  present  on  the  trunk  in  this  situation.  The  higher  and  smaller  is  the 
ganglion  of  the  root  (g.  jug;ilare) ;  the  lower  and  hirger  is  tlie  ganglion  of  the  tnmk 
of  the  nerve  (g.  nodosum). 

In  the  neck  the  pneumagastric  nerve  pursues  a  vertical  course  in  front  of  the 
spinal  column.  It  occupies  the  carotid  sheath,  lying  between  und  behind  the 
internal  and  common  carotid  arteries  and  the  internal  jugular  vein.     It  enteis  the 
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thorax  behind  the  large  vems  :  on 

the  right  side,  after  crossing  over 

the  subclavian  artery ;  on  the  left 

side,  in  the  interval  between  the 

left  oommoncarotidand  subclavian 

arterieB. 

In     the    thorax    the    nerves 

occupy  the  superior  and  posterior 

mediastinal  spaces,  and  their  re- 
lations are   different  on  the  two 

sides,  (a)  In  the  superior  media- 
stinum the  right  nerve  continues 

it«  course  alongside  the  innominate 

artery  and  the  trachea,  and  behind 

the   right    innominate   vein   and 

superior  vena  cava,  to  the  back  of 

the  root  of  the  lung.      The   left 

nerve  courses  downwards  between 

the  left  common  carotid  and  sub- 
clavian  arteries,  and  behind  the 

left    innominate    vein    and    the 

phrenic  nerve.     It  passes  over  the 

aortio  arch,  and  then  proceeds  to 

the  back  of  the  root  of  the  left 

lung,  (h)  In  the  posterior  media- 
stinum the  pneumogastric  nerves 
are  concerned  in  the  formation  of 
two  great  pleiuses — the  pulmon- 
ary and  the  cesophageal.  Behind 
the  root  of  each  lung  the  nerve 
breaks  up  to  form  the  large 
posterior  pulmonary  plszns,  from 
the  lower  end  of  which  two  nerves 
emerge  on  each  side.  These  nerves 
on  the  right  side  pass  obliquely 
over  the  vena  azygos  major;  on 
the  left  side  they  cross  the  thoracic 
aorta.  Both  series  reach  the  ceao- 
pbagus,  and  divide  into  small 
anastomoBing  branches  which  form 
the,  OBBophageal  plexus.  At  the 
oesophageal  opening  of  the  dia- 
phri^m  the  two  nerves  become 
separated  from  the  plexus,  and 
entering  the  abdomen — the  left 
nerve  in  front  of  the  oesophagus, 
therigbtnerve  behind  it — they  ter- 
minate by  supplying  the  stomach 
and  other  abdominal  organs. 

The      communications      and  ^°-  "2— Thi  DisrwBimoN  op  thb  pnwmooastbio  nmvi. 

blanches      of     the     pneumoeastric    ^"■"'  ^"-^  ^ight  nnd  left  vagi ;  r.  O.nglioE  of  the  root  >Qd 
,       J  -f    ,         ,R  lODDeiions  with  Sy,  Sjmpttthetio,  luperior  cerricsl  eanB- 

nerve  may  be  described  as  (i.)gan-         lion;  o.Pb,  QloMo-ph^geiJ :   a^  Spm»i  ^c^^ 

glionic,  (ii.)  cervical,  (iii.)  thoracic,  '"'"■  ;  "i.  Maningeri  bronoh  ;  Aar,  Auriculir  brrnnch  ;  t, 

and  (iv.)  abdominal  (Fig.  632).  G«igli<m  ot  tb.  trunk  a^d  ooEEeiioaa  with  Hy,  Hypo- 

^       '  V      6  /  glossal  nerra ;  CI,  C2,  Loop  betWEen  the  first  two  cetvicJ 

nerTBs  ;  8y,  Bympalhetio  ;  Ace,  Spinal  accessory  nervB ;  Ph,  Pharyngeal  branch  ;  Ph.?!,  Pharynge*! 
plemi ;  B.L,  Superior  laryngeal  nerre  ;  I.L,  Internal  laryngeal  branch  ;  KL,  Eiternal  laiyngeal  branch  ; 
I.e.  Intemal,  and  E.C,  Bitemal  carotid  arteriea ;  Cal,  Superior  cervical  cardiac  brancli ;  Ca2,  Inferior 
cervical  cardiac  branch  ;  R.L,  Recurrent  laryngeal  nerva  ;  Ca3,  Cardiac  branches  from  recurrent  laryngeal 
narvas  ;  Ca4,  Thoracic  cardiac  branch  [right  vagus)  ;  A.P.PI,  Anterior,  and  P.P.PI,  Posterior  pulmonary 
plainiea  ;  Oea.Pl,  (Esophageal  plaiua  ;  Oaat-S,  and  GastL,  Qaatric  branchea  of  vagus  (right  and  left) ; 
Coe.Pl,  Cmliac  plain*  ;  Hap.Pl,  Hepatic  pleina  ;  Spl.Pl.  Splenic  plains  ;  Ren.PI,  Benal  plains. 
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The  ganglion  of  the  root  (g.  jugulare)  is  small  and  sphericaL  It  occupieR 
the  jugular  foramen,  aud  gives  off  two  branches — meningeal  and  auricular. 

The  meningeal  branch  passes  backwards  to  supply  the  dura  mater  of  the  posterior 
fossa  of  the  base  of  the  skull. 

The  auricular  branch  (Arnold's  nerve)  ascends  to  the  ear  in  a  fissure  between  the 
jugular  and  stylo-mastoid  foramina.  It  receives  near  its  origin  a  twig  from  the 
tympanic  branch  of  the  glosso-pharyngeal  nerve,  and  usually  communicates  with 
the  facial  nerve  by  a  branch  arising  from  the  latter  in  the  aqueduct  of  Fallopius. 
The  nerve  is  distributed  to  the  back  of  the  pinna  and  the  external  auditory  meatus, 
and  communicates  superficially  with  the  posterior  auricular  nerve. 

Communications. — Besides  supplying  the  meningeal  and  auricular  branches,  the 
ganglion  of  the  root  of  the  pneumogastric  nerve  receives  communications  from  (1)  the 
superior  cervical  ganglion  of  the  sympathetic ;  (2)  the  spinal  accessory  nerve ;  and  (3)  the 
petrous  ganglion  of  the  glosso-pharyngeal  nerve  (sometimes). 

The  ganglion  of  the  trunk  of  the  nerve  (g.  nodosum),  placed  immediately 
below  the  preceding,  is  large  and  fusiform.  Like  the  previous  ganglion,  it  supplies 
two  branches — the  pharyngeal  and  superior  laryngeal  nerves. 

The  phaiyngeaJ  branch  receives  its  fibres  (through  the  ganglion)  from  the  spinal 
accessory  nerve.  It  passes  obliquely  downwards  and  inwards  to  the  pharynx 
between  the  internal  and  external  carotid  arteries,  and  combines  with  the  pharyn- 
geal nerves  from  the  glosso-pharyngeal  and  superior  cervical  ganglion  of  the 
sympathetic  to  form  the  pharyngeal  plexus.  From  this  plexus  the  muscles  of  the 
pharynx  and  soft  palate  (except  the  stylo-pharyngeus  and  tensor  palati)  are 
supplied.  The  lingual  branch  is  a  small  nerve  which  separates  itself  from  the 
plexus  and  joins  the  hypoglossal  nerve  in  the  anterior  triangle  of  the  neck. 

The  superior  laryngeal  nerve  (n.  laryngeus  superior)  passes  obhquely  down- 
wards and  inwards,  behind  the  external  and  internal  carotid  arteries,  towards  the 
thyroid  cartilage.  It  divides  in  its  course  into  two  unequal  parts — a  larger  internal 
and  a  smaller  external  laryngeal  nerve. 

The  internal  laryngeal  nerve  (ramus  internus)  passes  inwards  into  the  larynx 
between  the  middle  and  inferior  constrictor  muscles  of  the  pharynx  and  through  the 
thyro-hyoid  membrane.  It  supplies  the  mucous  membrane  of  the  larynx,  reacliing 
upwards  to  the  epiglottis  and  base  of  the  tongue,  and  forms  communications  beneath 
the  ala  of  the  thyroid  cartilage  with  the  branches  of  the  inferior  laryngeal  nerve. 

The  external  laryngeal  nerve  (ramus  externus)  passes  downwards  upon  the 
inferior  constrictor  muscle  of  the  pharynx.  It  supplies  branches  to  that  muscle, 
and  ends  in  the  crico-thyroid  muscle. 

OommunicationB. — Besides  supplying  these  pharyngeal  and  laryngeal  nerves,  the 
ganglion  of  the  trunk  of  the  pneumogastric  has  the  following  communications  with  other 
nerves:  (1)  with  the  superior  cervical  ganglion  of  the  sympathetic ;  (2)  with  the  hypo- 
glossal ;  (3)  with  the  loop  between  the  first  and  second  cervical  nerves ;  aud  (4)  with  the 
accessory  part  of  the  spinal  accessory  nerve.  This  part  of  the  nerve  applies  itself  to  the 
ganglion,  and  thereby  supplies  to  the  vagus  nerve  the  inhibitory  fibres  for  the  heart,  a!> 
well  as  the  motor  fibres  for  the  pharynx,  (ssophagus,  stomach  and  intestines,  lar^nix  and 
respiratory  organs. 

Branches  of  the  Pneumogastric  in  the  Neck. — In  the  neck  the  pneumo- 
gastric nerve  supplies  cardiac  branches  and  (on  the  right  side)  the  inferior  or 
recurrent  laryngeal  nerve  (Fig.  532). 

The  caordiac  branches  are  superior  and  inferior.  Oti  the  right  side  both  cardiac 
branches  pass  downwards  into  the  thorax  behind  the  subclavian  artery,  and  proceed 
alongside  the  trachea  to  join  the  deep  cardiac  plexus.  On  the  left  side  the  two 
nerves  separate  on  reaching  the  thorax.  The  superior  nerve  passes  deeply  alon*;- 
side  the  trachea  to  join  the  deep  cardiac  plexus.  The  inferior  nerve  accompanies 
the  pneumogastric  nerve  over  the  aortic  arch,  along  with  the  superior  cervical 
cardiac  branch  of  the  sympathetic,  to  end  in  the  superficial  cardiac  plexus. 

The  right  inferior  laryngeal  nerve  arises  at  the  root  of  the  neck,  as  the 
pneumogfiwtric  nerve  crosses  over  the  first  part  of  the  subclavian  artery.  It  ho<iks 
round  the  artery,  and  passes  obliquely  upwards  and  inwards  behind  the  subdaviau, 
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the  common  carotid,  and  the  inferior  thyroid  artery  and  the  thyroid  body.  It  finally 
disappears  beneath  the  lower  border  of  the  inferior  constrictor  muscle,  and  ends 
in  supplying  the  muscles  of  the  larynx.  In  its  course  it  gives  off  the  following 
branches : — 

(1)  Cardiac  branches  arise  as  the  nerve  winds  round  the  subclavian  artery,  and 
course  downwards  alongside  the  trachea  to  end  in  the  deep  cardiac  plexus. 

(2)  Commimicating  branches  to  the  inferior  cervical  ganglion  of  the  sympathetic 
arise  from  the  nerve  behind  the  subclavian  artery. 

(3)  Muscular  branches  supply  the  trachea,  oesophagus,  and  the  inferior  constrictor 
of  the  pharynx. 

(4)  Terminal  branches  supply  the  muscles  of  the  larynx  (except  the  crico-thyroid) 
and  communicate  beneath  the  ala  of  the  thyroid  cartilage  with  branches  of  the 
internal  laryngeal  nerve.  * 

Branches  of  the  Vagus  in  the  Thorax. — In  the  thorax  the  pneumogastric 
nerve  forms  the  great  pulmonary  and  (esophageal  plexuses.  The  right  nerve,  in 
addition,  furnishes  cardiac  branches ;  and  the  left  nerve  gives  off  the  inferior  or 
recurrent  laryngeal  nerve. 

The  left  inferior  laryngeal  nerve  differs  from  the  nerve  of  the  right  side  only 
in  its  point  of  origin  and  in  the  early  part  of  its  coursa  It  springs  from  the 
pneumogastric  nerve  as  it  crosses  the  aortic  arch,  and,  after  hooking  round  the 
arch  external  to  the  HgaTnentum  arteriosuvi,  it  passes  upwards  in  the  superior 
mediastinum  in  the  interval  between  the  trachea  and  oesophagus  to  the  neck.  In 
the  neck  its  course  and  relations  are  similar  to  those  of  the  nerve  of  the  right  side. 
The  branches  of  the  nerve  are  the  same  as  those  of  the  right  nerve.  The  cardiac 
branches  are  larger,  and,  arising  below  the  aortic  arch,  proceed  to  the  deep  cardiac 
plexus. 

Cardiac  branches  from  the  right  pneumogastric  nerve  arise  in  the  superior 
mediastinum,  and  pass  downwards  alongside  the  trachea  to  join  the  deep  cardiac 
plexus.  On  the  right  side  thoracic  cardiac  branches  are  thus  supplied  from  both 
the  trunk  of  the  nerve  and  its  recurrent  branch ;  on  the  left  side  the  cardiac  branches 
in  the  thorax  arise  solely  from  the  recurrent  branch. 

Abdominal  Branches. — After  the  formation  of  the  oesophageal  plexus  the 
two  pneumogastric  nerves  resume  their  course,  and  passing  along  with  the  gullet 
through  the  diaphragm,  terminate  by  supplying  the  stomach.  The  right  nerve 
enters  the  abdominal  cavity  behind  the  gullet,  and  is  distributed  to  the  posterior 
surface  of  the  stomach.  It  sends  communicating  offsets  to  the  cceliac,  splenic,  and 
renal  plexuses.  The  left  nerve  applies  itself  to  the  anterior  surface  and  lesser  cur- 
vature of  the  stomach,  to  which  it  is  distributed.  It  sends  communicating  offsets 
along  the  lesser  curvature  of  the  stomach  to  the  right  pneumogastric,  and  between 
the  layers  of  the  small  omentum  to  the  hepatic  plexus. 

The  Thoracic  Plexuses. 

Oardiac  Plexuses. — The  cardiac  branches  of  the  pneumogastric  nerve  (both 
cervical  and  thoracic)  combine  with  the  cervical  cardiac  branches  of  the  sympathetic 
to  form  the  superficial  and  deep  cardiac  plexuses. 

The  Buperflcial  cardiac  plexua  is  placed  in  the  hollow  of  the  aortic  arch, 
superficial  to  the  pericardium.  It  contains  a  small  ganglion  (ganglion  of  Wrisberg), 
and  is  joined  by  two  small  nerves — (1)  the  cardiac  branch  from  the  superior 
cervical  ganglion  of  the  sympathetic,  and  (2)  the  inferior  cervical  cardiac  branch 
of  the  pneumogastric — both  of  the  left  side — which  reach  it  after  passing  over  the 
areh  of  the  aorta. 

Branches  and  Communications. — From  the  plexus  branches  of  communication 
pass  (1)  to  the  left  half  of  the  deep  cardiac  plexus,  between  the  aortic  arch  and  the 
bifurcation  of  the  pulmonary  artery;  (2)  to  the  left  anterior  pulmonary  plexus 
along  the  left  branch  of  the  pulmonary  artery ;  (3)  the  branches  of  distribution  to 
the  heart  extend  along  the  pulmonary  artery  to  join  the  anterior  or  right  coronary 
plexus,  which  supplies  the  substance  of  the  heart  in  the  course  of  the  right 
coronary  artery. 
48  6 
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The  deep  oardiao  plexus  is  much  the  larger.  It  is  placed  behind  the  arch  of 
Che  aorta,  oa  the  sides  of  the  trachea,  just  above  its  bifurcation.  It  conaista  of 
two  lateral  parte,  joined  together  by  numerous  communications  around  the  termiaa- 
tion  of  the  trachea.  The  two  portions  of  the  plexus 
are  different  in  their  constitution  and  distribution. 
The  right  half  of  the  plexus  is  joined  by  both  the 
cervical  and  thoraoio  branches  of  the  right  pneumu- 
gastric  and  by  the  branches  of  the  right  inferior 
laryngeal  nerve,  as  well  as  by  branches  from  the 
superior,  middle,  and  inferior  cervical  ganglia  of  the 
sympathetic  The  left  half  of  the  plexus  is  joined  by 
the  superior  cervical  cardiac  branch  of  the  left  pneumo- 
gastric,*by  branches  from  the  left  inferior  laryngeal 
nerve,  and  by  branches  from  the  middle  and  inferior 
cervical  ganglia  of  the  left  sympathetic ;  it  also 
receives  a  contribution  from  the  superficial  cardiac 
plexus. 

,The  deep  cardiac  plexus  is  distributed  to  the 
heart  and  lungs.  The  right  half  of  the  plexus  for 
the  most  part  constitutes  the  autoior  or  ricbt  coronary 
plexus,  reaching  the  heart  alongside  the  ascending 
aorta,  and  is  distributed  to  the  heart  substance  in 
the  course  of  the  right  coronary  artery.  It  is  rein- 
forced by  fibres  from  the  superficial  cardiac  plexus, 
which  reach  the  heart  along  the  pulmonary  arteiy. 
Fibres  from  the  right  half  of  the  deep  cardiac  plexus 
pass  also  to  join  the  posterior  or  left  caronaiy  plaxni, 
and  others  extend  outwards  to  join  the  uiteiioT 
pnlmonai7  plexus  of  the  right  side. 

The  it/t  half  of  the  deep  cardiac  plexus,  reinforced 
by  fibres  from  the  superficial  cardiac  plexus,  is  dis- 
tributed to  the  heart  in  the  form  of  the  laft  or 
posterior  coronary  plexns,  which  is  joined  by  a  few 
fibres  behind  the  pulmonary  artery  from  the  rigbi 
half  of  the  plexus,  and  supplies  the  heart  substance 
in  the  course  of  the  left  coronary  artery.  The  left 
half  of  the  plexus  contributes  also  to  the  left  antoiiot 
pnlmonarr  plexns  by  fibres  which  extend  outwards  to 
the  root  of  the  lung  along  the  left  branch  of  the 
pulmonary  artery. 
Flu.  683.— Tub  coNBTiTOTioM  OF  PoImoiuuTr  FlexoseB.— As  already  stated,  the 

THi  Cabdiac  PLsxDHEa.  pncumogastric  nerve  on  each  side,  on  reaching  the 

Sy,  Cervical  eympBthetic  cord ;  c.i.  back  of  the  root  of  the  lung,  breaks  up  into  numerous 
Superior,  C.2,  Middle,  and  U.S.  In-  piexiform  branches  for  the  formation  of  the  posterior 
feriot  uerviuAl  nifflia  1  Car.  I.  Sn.    '^    ,  ,  „  <  ii        ..f 

perior,  Car.  2,  Middle,  and  Car.3,  pulmonary  plexus.  From  each  nerve  a  few  fibres  pass 
lurerior  cen-ical  cardiac  sympa-  to  the  front  of  the  root  of  the  lung,  above  its  upper 
thcticbruiches;  Vb,  PneiimogaHtrio  larder,  to  form  the  much  smaller  anterior  pulmonary 

nerve ;    B.L,    Recurreot    laryngeal       ,  '  ' 

iiCTVe  !  a.  Superior,  atid  i.  Inferior    pleXU& 

.■ervicai  cnniiac  braiichw  at  vagui ;  The  anterior  pulmonary  plexus  on  each  side  is 
p.c.p  l)eepcaidiacpl«iai;8.c.p.  j  ■  ^^  j^y      fg,,  fi^^a  f^^  the  Corresponding  part  of 

Snperfluial  i-anliac  plexus ;  A.P.P,    ■',,■',-  ,  i  ..Lin       -j      f«„™ 

Anterior pniraonarypieiiw;  P.P.P,  the  deep  cardiac  plexus,  and  on  the  lea  side  irom 
Posterior  pulmonary  plexus ;  the  Superficial  canliac  plexus  as  well.  It  surrouode 
B.t^ar.P.  Right,  ami  i^Cu.P.  Left     ^  BUDplles  the  Constituents  of  the  root  of  the  lung 

coronary  plexuses;    ArtPul,    Pul-  .  rj' 

moiiary  arlcrv.  antenorly. 

The  posterior  pulmonary  plexus,  placed  behind 
the  root  of  the  lung,  is  formed  by  the  greater  part  of  the  pncumogastric  nerve, 
reinforced  by  fine  branches  from  the  second,  third,  and  fourth  thoracic  ganglia 
of  the  sympathetic.  Numerous  branches  proceed  from  it  in  a  plexiform  manner 
along  the  bronchi  and  vessels  into  the  substance  of  the  lung. 
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Ssopliageal  Pleziu  (plexus 

gulie).  —  The  cesopbagus  in  the 
thorax  is  supplied  by  the  pneumo- 
gastric  nerve  both  in  the  superior 
and  posterior  mediastinum.  In 
thesuperiormediastinum  itieceivea 
branches  from  the  pueuuiogastric 
nerve  on  the  right  side,  and  from 
its  recurrent  laryngeal  branch  on 
the  left  aide. 

In  the  posterior  mediasHnum 
it  is  surrounded  by  the  oesophageal 
plexus,  formed  from  the  trunks  of 
the  piieumogastric  nerves  emerg- 
ing from  the  posterior  pulmonary 
plexus,  which  form  a  large  plexus 
surrounding  the  gullet.  This  part 
of  thecesophagus  also  receives  fibres 
from  the  great  splanchnic  nerve 
andganglion.  From  the  oesophageal 
plexus  branches  supply  the  mus- 
cular wall  and  mucous  memhrane 
of  the  (esophagus. 

Pericardiac  brandies  ate  also 
supplied  from  the  plexus  to  the 
posterior  surface  of  the  peri- 
cardium. 

The  Eleventh  ob  Spinal 
Accessory  Nekve. 

The  spinal  accessory  nerve  (n. 
acceseorius)  consists  of  two  es- 
sentially separate  parts,  different 
both  in  origin  and  in  distribution. 
One  portion  is  accesaorF  to  the 
vagus  nerve,  and  arises,  in  series 
with  the  fibres  of  that  nerve,  from 
the  side  of  the  medulla  oblongata. 
The  other,  spinal  portion,  arises 
from  the  lateral  aspect  of  the 
spinal  cord,  between  the  ventral 
and  dorsal  roots  of  the  spinal 
Der\'es,  its  origin  extending  from 
the  level  of  the  accessory  portion 
as  low  as  the  origin  of  the  sixth 
cervical  nerve  (for  the  deep  origin, 
see  p.  516).  Successively  joining 
together,  the  rootlets  form  a  trunk   p,„  534,_the  distribution  of  thb  pneumoomtmc  Nwvi. 

which    ascends    in     the     subdural  y^.R,  Va.L,    Right  «.d  Uft  .agi;  r,  (Ja^gUo,.  of  th.  root  a„d 

space    01    the    spinal    cord,    behind  uotintiious  with  Sy,  Sympathetic,  nuperior  cer\'ica1  ganti- 

the    ligamentum  denticulatum,  to  'inn;    I^Ph,    «los«o-phBryng«al ;    Ace,    Spinal    accCMSory 

,1 ^TX. ... Ti 4.1,  iienre  :  m,  Meniiiaeal  ln™th  ;  Aur,  Auricular  brantli ;  t, 

the  foramen  magnum.     There  the  u.,^,|„„  i,  „,,  ^^  „j  i.„;i.,„  ,i,h  H,,  Hjpi 

glossal  uerve  ;  CI,  C2,  Loop  b«twe«u  tho  fimt  two  cervical 
uerv«s  ;  Sy,  Syiupathetic  ;  Ace,  Spinal  Bcce^sary  iierre  ;  Ph.  Pharyngeal  hrauch  ;  Ph.Pl,  Pharyngeal  plexus  ; 
8.L.  Superior  laryngeal  nerve;  I.L,  riilemal  laryngeal  branch;  E.L,  Eitemal  larjngeal  branch;  I.C, 
Internal,  aiid  E.C,  External  carotid  arteries  ;  Cal,  Sujierior  cervical  cardiac  branch  ;  Cn2,  Inferior  cervical 
canliac  )>ranch  ;  R.L,  Recurrent  laryngeal  nerve  :  CaS,  Cardiac  branches  from  recurrent  laryngeal  iiervcn ; 
Cal,  Thoracic  cardiac  brunch  (tight  v«gn») ;  A.P.Pl,  Anterior,  and  P.P.Pl,  Posterior  pulinouary  pleiiises  ; 
Oex.Pl.  CEsophigeal  pleiui ;  Gaxt.R,  ati<1  Ua»LL,  Gaxtric  branches  of  vagus  (rigitt  anil  left);  Cce.Pl, 
Coliac  plexnn  ;  Hep.Pl,  Hepatic  pleina  ;  Bpl.Pl,  Splenic  ple>n<> ;  Ren.PI.  Reunl  plexus. 
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The  recnrrent  bnuiciL  passes  from  the  nerve  near  its  orign  to  supply  the  dura 
mater  of  the  posterior  fossa  of  the  base  of  the  skult.  It  probably  derives  its  fibres 
from  the  communication  with  the  first  and  second  cervical  nervea 

The  descending  hypogloasal  nerve  (n.  descendens)  is  the  chief  branch  given  off  in 
the  neck.  It  arises  from  the  hypogloaaal  nerve  as  it  crosses  the  internal  carotid 
artery,  and  descends  in  the  anterior  triangle  in  front  of  the  carotid  sheath.  It  is 
joined  about  the  middle  of  the  neck  by  the  descending  cervical  nerve  (from  the 
second  and   third  cervical  nerves).     By  their  union   the  hypoglossal  loop  (ansa 

Htpoouhiiul  KiByi      V.ous  Nieve 
Rtcf  BRETT  BkiKCH     |      |     ttnpniar  cHviol  guglkio  Of  the  «yiD|iBUiatie 
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TBB  TOIIQUE   WITH   THBIB    NBBVIS. 

Iiypoglo.«i)  is  formed,  from  which  branches  are  distributed  to  the  majority  of  the 
inl'ra-hyoid  muscles— -both  bellies  of  the  oino-hyoid,  the  sterno-hyoid,  and  the 
8 terno- thyroid-  The  descending  hypoglossal  nerve  derives  its  iibres  from  the  com- 
munication to  the  hypoglossal  nerve  from  the  loop  between  the  first  and  second 
cervical  ner\'es ;  so  that  the  ansa  hypc^lossi  is  made  up  of  fibres  of  the  first  three 
cervical  nerves. 

The  nerve  to  the  thyro-hyoid  mtucle  is  a  small  branch  which  arises  from  the 
hypoglossal  nerve  before  it  passes  beneath  the  mylo-hyoid  muscle.  It  descends 
behind  the  great  coruu  of  the  hyoid  bone  to  reach  the  muscle.  When  traced 
backwards  this  nerve  is  found  associated  with  the  loop  betWt'en  the  first  and  second 
cervical  nerves. 
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The  lingual  branches  of  the  hypoglossal  nerve  are  distributed  to  the  hyo-glossus, 
genio-hyoid,  and  genio-hyo-glossus,  and  to  all  the  intrinsic  muscles  of  the  tongue. 
The  nerve  to  the  genio-hyoid  is  said  to  be  derived  from  the  loop  between  the 
first  and  second  cervical  nerves.  It  is  not  known  if  these  two  nerves  are  implicated 
in  the  innervation  of  the  proper  muscles  of  the  tongue,  but  it  appears  certain  that 
the  muscles  named — the  genio-hyoid,  thyro-hyoid,  stemo-hyoid,  omo-hyoid,  and 
sterno-thyroid — are  not  supplied  by  the  hypoglossal,  but  only  by  cervical  ner\'e3, 
the  genio-hyoid  by  the  first  two,  the  other  muscles  by  the  first  three  cervical  nerves. 

THE  DEVELOPMENT  OF  THE  CRANIAL  NERVES. 

Omitting  the  first  and  second  nerves,  there  is  an  obvious  likeness  in  the 
development  of  the  several  cranial  nerves  to  the  formation  of  the  dorsal,  afferent  or 
sensory,  and  the  ventral,  efferent  or  motor,  roots  of  the  spinal  nerves.  The  afferent 
roots  of  the  cranial  nerves  arise  from  collections  of  cells  which  bud  off  from  the 
alar  lamina  of  the  brain,  homologous  with  the  dorso-lateral  part  of  the  spinal  cord. 
These  cells  give  rise  to  central  and  peripheral  processes,  like  the  similar  processes 
from  the  dorsal  ganglia  of  the  spinal  nerves,  producing  on  the  one  hand  the  root 
fibres  connected  with  the  brain,  and  on  the  other  hand  the  fibres  of  the  nerve 
proceeding  to  the  periphery.  The  efferent  roots,  like  the  ventral  roots  of  the  spinal 
nerves,  arise  as  the  peripheral  processes  of  neuroblasts  located  in  the  basal  lamina 
of  the  primitive  brain,  which  is  homologous  with  the  ventro-lateral  portion  of  the 
spinal  cord.  The  different  efferent  nerves  may  be  separated  into  two  series, 
according  as  they  arise  from  the  mesial  or  lateral  j>art8  of  the  basal  lamina.  The 
third,  fourth,  sixth,  and  twelfth  nerves  arise  from  the  mesial  part  of  the  lamina ;  the 
efferent  fibres  of  the  fifth,  seventh,  ninth,  tenth,  and  eleventh  nerve3  arise  from  the 
lateral  part  of  the  lamina. 

The  olfactory  nerves  are  associated  in  their  development  with  the  formation  of  the 
nasal  pit  and  the  olfactory  bulb. 

The  nasal  pits  appear  in  each  side  of  the  front  of  the  head  at  a  little  later  period  than 
the  formation  of  the  lens  and  the  auditory  vesicle.  They  become  converted  into  the  nasal 
cavities  by  the  formation  of  the  pre-oral  visceral  clefts  and  arches, — fron to-nasal  and 
ethmo-vomerine  in  the  middle  line,  and  lateral  ethmoid  and  maxillary  processes  at  the 
sides  (p.  38). 

The  Bhinenceplialon  or  olfactory  bulb  is  a  hollow  outgrowth  from  each  telencephalon 
or  cerebral  hemisphere,  which  appears  in  the  first  month.  It  grows  forwards  into  relation 
with  the  deep  surface  of  the  nasal  pit.  In  many  animals  (as  in  the  horse)  the  olfactory 
bulb  remains  hollow  ;  but  in  the  human  subject  it  loses  its  lumen  and  becomes  a  soHd 
bulb  (olfactory  bulb)  connected  to  the  brain  by  a  narrow  stalk,  the  olfoctory  tract. 

The  epithelium  of  the  nasal  pit  is  responsible  for  the  formation  of  the  olfactory  uerve:^ 
There  are  two  views  as  to  the  mode  of  their  development  from  the  epithelial  cells.  Both 
views  admit  the  proliferation  of  the  epithelium  of  the  nasal  pit  so  as  to  produce  fieurof>i*istA. 
According  to  the  one  view  these  neuroblasts  detach  themselves  from  the  epithelial  surface, 
and  constitute  an  olfactory  ganglion  which  becomes  applied  to  and  incorporated  with  the 
olfactory  bulb.  The  cells  of  the  ganglion  become  bi-polar,  and  the  peripheral  aiou» 
constitute  the  olfactory  nerves^  while  the  central  axons  (in  the  second  month)  proceed  back- 
wards to  the  brain  along  the  olfactory  tract.  According  to  the  other  view  (based  on  Dis-se's 
investigations),  the  proliferating  cells  of  the  nasal  epithelium  remain  in  the  wall  of  tlie 
nasal  pit,  and  become  the  olfcuctory  cells  of  the  nasal  cavity,  with  peripheral  processetj 
projecting  to  the  surface  of  the  epithelium.  Their  central  axons  become  the  olfactory 
nerve  fibres  which  end  in  the  olfactory  bulb,  forming  dendrites  associated  with  the  dendritic 
processes  of  the  nerve-cells  of  the  bulb.  The  central  axons  of  these  latter  cells  develop 
into  the  fibres  of  the  olfactory  tract. 

The  optic  nerve  is  developed  wholly  from  the  brain.  Its  formation  begins  with  the 
outgrowth  of  the  optic  vesicle,  a  paired  hollow  outgrowth  from  the  ventral  surface  of  the 
thalamencephalon.  The  epiblastic  invagination  of  the  lens,  growing  inwards  from  the 
surface  of  the  head,  causes  the  collapse  of  the  vesicle  and  its  conversion  into  the  optic 
cup,  the  narrow  tube  connecting  the  vesicle  to  the  brain  becoming  the  optic  stalk.  This 
stalk  becomes  solid,  and  forms  the  basis  of  the  optic  tract,  optic  commissure,  and  optic 
nerve.  The  optic  cup,  bilaminar  in  form,  and  by  its  edge  clasping  the  lens,  is  embedded 
in  mesoblastic  tissue,  which  gives  rise  to  the  envelopes  of  the  eyeball,  etc.     The  outrr 
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layer  of  the  optic  cup  produces  the  layer  of  hexagonal  pigment  cells  of  the  retina.  The 
cells  of  the  inner  layer  produce  the  tissue  of  the  retina  proper.  They  form  neuroblasts 
with  peripheral  and  central  processes.  The  peripheral  processes  are  converted  into  retinal 
nerve  tissues ;  the  central  processes  extend  backwards  along  the  optic  stalk,  and  give  rise 
to  the  fibrous  structure  of  the  optic  nerve,  optic  commissure,  and  optic  tract.  Spongio- 
blasts in  the  inner  lamina  of  the  optic  cup  produce  the  sustentacular  tissue  of  the  retina 
(Miiller's  fibres)..  The  mesoblastic  tissue  surrounding  the  optic  cup  and  lens  gives  rise  to 
the  rest  of  the  structure  of  the  eyeball,  the  formation  of  which  is  described  in  the  section 
which  deals  with  the  organs  of  sense. 

The  oculo-motor  nerve  arises,  like  the  ventral  root  of  a  spinal  nerve,  from  a  group 
of  neuroblasts  in  the  mesial  part  of  the  basal  lamina  of  the  mid-brain.  The  peripheral 
fibres  extend  forwards,  to  end  around  the  optic  cup  in  the  mesoblastic  tissue,  from  which 
the  eye  muscles  are  derived.  Numerous  cells  are  cc^ried  along  with  the  cell  processes  in 
their  course,  and  these  have  been  described  as  being  concerned  in  the  formation  of  the 
ciliary  ganglion. 

The  trochlear  nerve  also  arises  from  a  group  of  neuroblasts  occupying  the  mesial 
part  of  the  basal  lamina  of  the  mid-brain,  close  to  its  junction  with  the  hind-brain.  The 
peripheral  processes  do  not  emerge  directly  from  the  brain,  but  extend  dorsally  from  their 
origin  along  the  side  of  the  brain  to  its  dorsal  aspect,  where  they  appear,  after  decussating 
with  the  fibres  of  the  opposite  nerve,  just  behind  the  quadrigeminal  lamina. 

The  trigeminal  nerve  is  developed  by  means  of  a  large  dorsal  and  a  small  ventral 
root.  Their  origin  to  a  large  extent  resembles  the  mode  of  formation  of  the  roots  of  a 
spinal  nerve. 

The  large  dorsal  (afferent)  root  is  formed  by  means  of  a  cellular  bud  from  the  alar 
lamina  of  the  hind-brain.  This  bud  separates  from  the  brain,  and  forms  the  Gasserian 
ganglion.  Its  cells  becoming  bipolar,  like  the  cells  of  a  spinal  ganglion,  are  secondarily 
connected  with  the  brain  by  means  of  their  central  processes  j  while  the  peripheral  pro- 
cesses, separating  into  three  groups,  proceed  along  the  fronto-nasal  and  maxillary  processes, 
and  along  the  mandibular  arch,  to  form  the  three  main  divisions  of  the  nerve.  Numerous 
cells  accompany  each  main  division  in  its  course  from  the  ganglion,  and  form  eventually 
the  subordinate  ganglia — the  ciliary  on  the  ophthalmic  nerve,  the  spheno-jxdatine  on  the 
superior  maxillary  nerve,  and  the  otic  ganglion  on  the  inferior  maxillary  nerve. 

The  small  ventral  (Afferent)  root  of  the  trigeminal  nerve,  like  the  motor  ventral  root 
of  a  spinal  nerve,  is  later  in  its  appearance  than  the  sensory  root.  It  arises  as  the  peri- 
pheral fibres  of  a  group  of  neuroblasts  occupying  the  lateral  part  of  the  basal  lamina  of 
the  hind-brain,  which  proceed  directly  to  the  surface  to  join  the  inferior  maxillary  division 
of  the  nerve. 

The  abducent  nerve  resembles  in  its  mode  of  development  the  oculo-motor  and 
trochlear  nerves  with  which  in  its  origin  it  is  in  series.  It  is  formed  by  the  peripheral 
processes  of  a  group  of  neuroblasts  in  the  mesial  part  of  the  basal  lamina  in  the  upper 
part  of  the  hind-brain.  These  processes  pierce  the  part  of  the  brain  in  which,  at  a  later 
stage,  the  fibres  of  the  pyramid  are  developed.  They  then  proceed  to  the  mesoblastic 
tissue  round  the  optic  cup,  which  is  destined  to  form  the  eye  muscles. 

The  facial  nerve  has  developmentally  a  double  origin.  (1)  In  connexion  with 
the  formation  of  the  auditory  nerve  a  group  of  cells  becomes  separated  from  the  alar 
lamina  of  the  hind-brain  opposite  the  auditory  vesicle.  This  group  becomes  separated 
into  three  parts,  of  which  the  middle  portion  is  the  rudiment  of  the  geniculate  ganglion 
(or  afferent  root).  (2)  The  efferent  root  of  the  nerve  arises  from  a  group  of  neuroblasts 
in  the  lateral  part  of  the  basal  lamina  of  the  hind-brain,  in  series  with  efferent  fibres  of 
the  vago-glosso- pharyngeal  nerves;  after  a  tortuous  course  within  the  brain  its  fibres 
emerge  beneath  the  above-mentioned  cellular  mass,  opposite  the  auditory  vesicle.  They 
are  joined  by  the  ganglionic  root,  and  in  their  course  round  the  auditory  vesicle  become 
embedded  in  the  auditory  capsule  (aqueduct  of  Fallopius).  The  chorda  tympani  nerve 
appears  early  as  a  branch  of  the  facial  nerve.  It  is  probable  that  the  pars  intermedia, 
the  geniculate  ganglion,  and  the  chorda  tympani  nerve  together  represent  the  dorsal 
afferent  element  in  the  constitution  of  this  nerve. 

The  auditory  nerve  arises  as  a  cellular  bud  from  the  alar  lamina  of  the  hind-brain, 
dorsal  to  the  efferent  portion  of  the  facial  nerve  and  opposite  to  the  auditory  vesicle,  and 
in  close  association  with  the  latter. 

Becoming  separated  from  the  brain,  the  cellular  mass  separates  into  three  portions,  of 
which  the  middle  part  is  associated  with  the  facial  nerve  and  pars  intermedia  (as  the 
geniculate  ganglion),  while  the  mesial  and  lateral  parts  are  converted  into  the  mesial 
(vestibular)  and  lateral  (cochlear)  ganglia  and  roots  of  the  auditory  nerve.     The  cells 
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becomiDg  bipolar,  their  central  proceaseB  are  secondarily  coooected  with  the  brain  on 
the  dorsal  (lateral)  aspect  of  the  facial  nerve ;  the  peripheral  processes  proceed  to  the 
auditory  vesicle,  to  which  they  are  distributed  as  the  veatibniar  and  cochlear  nencs. 
Numerous  cells  are  carried  along  with  the  nerve  trunks  into  relation  with  the  auditor; 
capsule,  and  constitute  the  vestibular  and  cochlear  ganglia. 

The  glosso-pharjmgeal  and  pneumogastdc  nerves  are  developed  from  the  side 
of  the  hind-brain,  both  in  the  same  way,  and  each  by  two  roots.  A  collection  of  cells 
separatee  itself  from  the  alar  lamina  of  the  hind-brain  behind  the  auditory  vesicle  to  form 
the  ganglionic  afferent  root.  The  ganglion  of  the  pneumogastric  is  much  larger  than  that 
of  the  glosao-pharyngcal.  Each  ganglion  becomes  divided  into  two  parts,  a  proximal  and  a 
distal  portion,  connected  together  by  a  commissural  band  of  fibres.  The  proximal  ganglion 
(jugular  ganglion  of  the  glosso-pharyngeal ;  ganglion  of  the  root  of  the  pneumogastric) 
is  )4econdarily  connected  by  centripetal  hhres  to  the  hind-brain.  Prom  the  distal  ganglion 
{petrous  ganglion  of  the  glosso-pharyngeal ;  ganglion  of  the  trunk  of  the  pneumogastric) 
peripheral  fibres  grow  outwards  to  form  the  nerve  trunk. 

Each  nerve  is  also  provided  with  a  small  elforent  tOOt,  consiatir^  of  nerve  fibres, 
arising  from  a  collection  of  neuroblasts  in  the  lateral  part  of  the  basal  lamina  of  the  hind- 
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bmin,  and  emerging  beneath  the  ganglionic  root  at  the  junction  of  the  alar  and  basal 
laminoi  (iu  Beriea  with  the  fibres  of  the  efferent  root  of  the  facial  nerve  above  and  of  tho 
spinal  accessory  nerve  below). 

The  spinal  accessory  nenre  arises  in  two  parts— one  medullary,  the  other  spinal. 
The  medullaJT  (accessory)  portion  develops  as  the  processes  of  a  series  of  neuroblasts  in 
the  lateral  portion  of  the  basal  lamina  of  the  hind-brain,  which  emerge  in  series  with  the 
efferent  root«  of  the  glosso-pharyngeal  and  pneumogastric  nerves.  The  spinal  portion 
arises  as  the  processes  of  a  group  of  neuroblasts  in  the  ventral  part  of  the  medullary  tube 
(anterior  comu),  which,  turning  outwards,  emerge  as  a  series  of  roots  on  the  lateral  aspect 
of  the  spinal  cord. 

The  bypoglossal  nerve  is  developed,  not  in  series  with  the  nerves  above  mentioned. 
but  like  the  third,  fourth,  and  sixth  nerves,  from  the  mesial  part  of  the  basal  lamina 
of  the  hind-brain,  in  the  space  between  the  glosso-pharyngeal  and  other  uervea  above, 
and  the  first  cervical  nerve  below.  It  is  formed  an  a  series  of  peripheral  processes  from  a 
collection  of  neuroblasts  occupying  the  hind-brain.  Froriep's  ganglion  is  a  transiuirr 
collection  of  nerve  cells  developed  from  the  alar  lamina  of  the  hind-brain  on  tlie  dorsal 
aspect  of  the  nerve,  and  represents  in  a  rudimentary  condition  ita  dorsal  ganglionic  root. 
It  gives  off  no  branches  and  soon  disappears. 

THE  MORPHOLOGY  OF  THE  CRANIAL  NERVES. 

The  head  and  fac^,  pORsibly  Ihe  oldest,  and  from  every  point  of  view  the  most  fuDdam^ntut 
and  important  i>ortion  of  the  bodily  fitbrir,  present  iu  some  renpecte  a  more  conservative  tvpe  i>f 
structure,  and  in  other  aspeotu  have  been  subject  to  more  profound  alterations  than  other  patT^ 
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of  the  body.  Segmentation  is  characteristic  of  the  trunk,  pervading  bones,  muscles,  vessels,  and 
nerves.  An  absence  of  true  segmentation  is  characteristic  of  the  head  region— omitting  for  the 
moment  the  cranial  nerA*es.  The  head  is  characterised  bv  the  possession  of  an  unsegmented 
tubular  nervous  system,  enclosed  in  a  bony  capsule  not  obviously  segmental,  with  which  the 
capsules  of  the  sense-organs  become  united.  The  pre-oral  and  poet-oral  visceral  arches  and  clefts 
are  not  truly  segmental  like  the  costal  arches  of  uie  trunk.  The  branchial  clefts  ai'e  said  to  be 
inter-segmental ;  and  their  muscles  (associated  wath  the  myoblast  surrounding  the  developing 
heart)  ai-e  described  as  visceral,  and  not  myotomic,  so  that  the  branchial  vessels  and  nerves 
(similarly)  are  not  to  be  regarded  as  comparable  to  the  segmental  vessels  and  nerves  of  the  trunk. 
The  truly  segmental  structures  present  are  certain  persistent  myotonies  or  muscle  plates,  which 
give  rise  to  muscles  innervated  by  the  thii-d,  fourth,  sixth,  and  twelfth  cranial  nerves. 

Another  difficulty  in  the  morpliology  of  the  head  arisef*  in  the  absence  of  body  cavity,  and 
the  consequent  difficulty  of  differentiating  the  somatic  and  splanchnic  mesoblast,  and  the  somatic 
and  splanchnic  distribution  of  a  given  nerve. 

Under  these  circumstances  there  is  little  help  to  be  derived  from  head  structures  other  than 
the  nerves  themselves  in  seeking  a  solution  of  the  question  of  the  morphological  relations  of  the 
cranial  nerves.  The  spinal  nerves  are,  generally  speaking,  all  alike.  The  cranial  nerves,  on  the 
other  hand,  are  all  different  Scarcely  any  two  ner\^e8  are  alike ;  and  no  single  cranial  nerve 
iiossesees  in  itself  all  the  characteristic  features  of  a  spinal  nerve.  As  seen  in  relation  to  their 
development,  the  cranial  nervous  system  possesses  a  series  of  dorsal  ganglia,  comparable  in 
position  and  development  to  the  spinal  ganglia  from  which  afferent  nerves  arise ;  and  the 
efferent  roots  are  developed  in  the  same  way,  and  occupy  somewhat  the  same  position  as  the 
ventral  roots  of  the  spinal  nerves.  But  there  is  no  single  complete  segmental  nerve  in  the  head 
The  very  essence  of  the  architecture  of  the  head  is  a  want  of  segmentation  ;  and  this  character 
is  shared  by  the  cranial  nerves.  In  addition  it  must  be  borne  in  mind  that,  in  relation  to  the 
mammalian  head,  there  ai'e  organs  which  have  no  homologues  in  the  trunk,  and  on  whose 
existence  the  arrangement  of  the  cranial  nerves  depends — e,g.  sense-organs  and  gill-arches. 

Among  the  cranial  nerves  thei*e  are  several  which  possess  a  resemblance  to  one  or  other  of 
the  elements  of  a  typical  spinal  nerve.  In  the  neck  the  origin  of  the  fibres  of  the  spinal 
accessory  nerve  is  from  the  side  of  the  spinal  cord,  and  it  is  in  series  with  the  motor  roots  of 
the  vago-glosso-pharyngeal,  facial,  and  fifth  nerves.  His  (as  shown  in  the  account  of  the 
development  of  the  nerves)  has  described  the  neuroblastic  origin  of  the  motor  roots  of  these 
nerves  from  the  lateral  part  of  the  basal  lamina  of  the  primitive  brain.  The^  thus  form  a  series 
apart — lateral  motor  roots — separable  from  the  series  oi  motor  i-oots  originating  from  the  mesial 

{)art  of  the  basal  lamina,  comprising  those  of  the  third,  fourth,  sixth,  and  twelfth  nerves ;  the 
atter  nerve  roots  being  comparable  to  and  in  series  with  the  ventral  roots  of  the  spinal  nerves. 
The  lateral  motor  roots  are  not  represented  in  the  spinal  series  except  in  the  neck.  It  is 
questionable  if  there  is  any  fundamental  distinction  between  the  lateral  and  ventral  motor  roots 
of  the  cranial  nerves.  The  spinal  accessory  fibres,  for  example,  when  traced  into  the  spinal  cord, 
have  an  origin  from  the  anterior  comu  of  the  cord,  and  only  differ  from  the  motor  or  ventral 
root  fibres  of  a  spinal  nerve  in  their  different  course  to  the  surface.  The  ganglia  in  association 
with  the  cranial  nerves  are  comparable  to  the  spinal  ganglia.  The  fifth  nerve,  with  the  Gasserian 
ganglion,  the  ganglion  of  the  facial,  the  ganglia  of  the  auditory,  of  the  glosso-pharyngeal  and  the 
vagus,  and  the  transitory  (Froriep's)  ganglion  of  the  hypoglossal  nerves,  arise  from  the  brain  in  a 
comparable  position,  and  in  the  same  way  as  the  spinal  ganglia.  But  another  series  of  structures 
— the  sense  organs  of  the  lateral  line,  and  the  so-called  "  epibranchial "  organs  which  are  highly 
developed  in  Tower  vertebrates  (e.g,  elasmobranchs),  and  which  appear  transitorily  only,  or  are 
absent  altogether  in  mammalian  development,  may  possibly  have  a  share  in  the  formation  of 
certain  of  these  ganglia  or  parts  of  them  {e.g.  ciliary  ganglion,  geniculate  ganglion,  ganglia  of  the 
auditory  nerve,  petrosal  ganglion  of  the  glosso-pharyngeal,  and  the  ganglion  of  the  trunk  of  the 
vagus). 

Certain  of  the  cranial  nerves  are  apparently  distinctly  segmental,  supplying  muscles  derived 
frt>m  the  persisting  myotonies  of  the  head.  The  first  three  myotomes  are  said  to  give  rise  to  the 
muscles  ot  the  eyebalL  The  first  produces  the  superior  rectus,  inferior  rectus,  internal  rectus, 
and  inferior  oblique  muscles,  and  itH  segmental  nerve  is  the  oculo-motor.  The  second  myotome 
i#  said  to  produce  the  superior  oblique  muscle,  and  its  segmental  nerve  is  the  trochlear.  The 
thtTd  myotome  is  said  to  produce  the  external  I'ectus  muscle,  and  its  segmental  nerve  is  the 
abducent.  It  has  been  a8sei*ted  that  the  tongue  muscles  are  derived  ^m  the  last  three  or  four 
cephalic  and  first  cervical  myotomes,  and  that  the  hypoglossal  nerve  is  the  segmental  nerve  for 
these  myotomes,  comprising  the  motor  elements  of  several  (four  or  five)  segmental  nerves.  The 
intervening  myotomes  between  the  first  three  and  this  occipital  series  disappearing,  the  corre- 
sponding elements  of  segmental  nerves  are  supposed  to  be  absent  also  (Fig.  538). 

Certain  of  the  cranial  nerves  are  essentially  related  to  the  structures  derived  from  and  asso- 
ciated with  the  pre-oral  and  post-oral  visceral  clefts  and  arches  (Fig.  539).  The  trigeminal  nerve 
is  essentially  the  nerve  of  the  mandibular  arch.  By  ita  effei'ent  root  it  supplies  the  muscles  of 
that  arch.  By  its  afferent  root  and  branches  it  is  related  to  (1)  the  fronto-nasal  process  (oph- 
thalmic division  and  ciliary  ^nglion) ;  (2)  the  maxillary  arch  (superior  maxillary  nerve) ;  and 
(3)  the  mandibular  arch  (infenor  maxillary  nerve).  The  mandibular  is  at  first  the  main  nerve  ; 
and  the  maxillary  division  is  sometimes  i-egai-ded  as  a  subordinate  branch  (pr8e-branchial,  prae- 
treraatic)  for  the  supply  of  the  anterior  margin  of  the  cleft  (mouth),  with  which  the  nerve  is  in 
Halation.  The  ophthalmic  nerve  is  sometimes  regaitled  as  a  morphologically  separate  nerve. 
The  nerves  to  these  arches  have  been  compared  to  the  anterior  primary  divisions  of  spinal 
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nerves,  the  brandiee  which  thev  supply  to  the  forehead  and  temple  (frontal,  orbital,  and 

auriculo- temporal)  Tepresenting  the  posterior  primary  diviaions.     The  gaiLglia  on  each  diTirion 
of  the  nerve  are  formed  aa  eiteneioiia  from  the  Qaaeenan  ganglion. 

The  facial  nam  is  essentially  the  nerve  of  the  Hcond  (byoid)  arch,  and  the  deft  in  front  of 
that  aich  (spiracuUr  deft,  EuHtachian  tube).  Its  motor  root  mpplies  the  miudea  of  that  arch 
(stapedius,  stylo-hyoid,  and  digastric),  and  the  epicranial  and  facial  mUBclee  and  platystna 
myoides,  which  are  developments  from  the  hyoid  arch  (Babl).  The  chorda  tympani  nerr*  is 
r^arded  as  the  subordinate  (prK-br&nchial,  prEe-trematic)  branch  to  supply  the  anterior  n 
of  the  firet  post-oral  deft.     It  is  poasible  that  the  geniculate  ganglion,  with  the  pais  ii 


and  the  chorda  tymponi,  may,  in  part  at  least,  represent  the  g 


ic  and  afferent  element  of 
the  nerve.  Or  the 
gtoiiculate  guiglion,  and 
Sie  nervea  in  relation 
to  it,  may  be  associated 
with  an  "  epibnnchiol " 
sense-organ. 

The  andltoiT  nam, 
on  the  other  hand,  may 
be  either  the  seneory 
element  of  the  branchial 
nerve,  associated  wi  th  the 
hyoidarchand  first  poBt- 
oral  deft,  orit  may  repre- 
sent the  nerve  or  nerveii 
bdonging  to  anrestral 
sense  -  organs  of  the 
lateraj  line. 

The  gloaao  -  pharTB- 
ffeal  is  the  branchial 
nerve  of  the  third  pott- 


Its  efferent  fibres  mpply 
the  muade  of  this  arch, 

— the  stylo-pharyngena. 
The  superior  constrictor 
of  the  pharynx  is  also 
Bssignea  to  this  ardi  -. 
the  middle  and  inferior 
mnscles  to  the  fourth  (6  ret 
branchial)  arch.  The 
afferent  portion  of  the 
nerve  is  possibly  com- 
posed of  two  separate 
parts ;  the  petrous  gan- 
glion bein^  asBodated 
with  an  epi branchial  or 
latenl  line  sense -organ, 
and  the  rest  of  the  nerve 
ing  the  afferent 
■  fibres  for  the  gill-deft 
and  aidi.  The  linfual 
'  branches  are  regarded  as 
'  the  main  stem  {post  - 
trematic),  the  phoryngeftl 

branches  as  subordinate  branches ;  the  tympanic  bnmch  being  the  pne-brandiial  or  pne-trematic 

branch  for  the  anterior  margin  of  the  third  gill-cleft. 

The  pnenmogattnc  nervs  is  generally  r^arded  as  representing  the  fusion  of  all  the  branchial 

nerves  behind  the  glosBo-pharyngeal     Its  efferent  fibres  ore  in  aeries  with  those  of  the  gloeso- 

fharyngeal  above  and  the  spinal  accessory  nerve  below,  and  bdong  to  the  lateral  seriefl  of  His. 
Is  afferent  fibres,  like  those  of  the  gloaso- pharyngeal,  represent  two  elements.  The  lower 
ganglion  has  possible  connexions  with  epibranchiol  sense-organs^the  rest  of  the  nerve  repre- 
senting the  fused  branchial  branches  of  fishes.  The  aDptrior  laryngeal  BUT*  is  looked  up<n 
as  the  branchial  nerve  of  the  fourth,  and  the  inferior  laryngeal  nerve  as  the  branchial  nerve 
of  the  flfth  arch.  While  the  relation  of  the  nerve  to  the  hinder  gill-archea  and  clefts  makes 
it  possible  to  understand  the  innervation  by  the  vagus  of  the  heart  and  Inn^  no  satisfactory 
explanation  is  forthcoming  of  the  passage  of  the  nerve  into  the  abdomen,  and  its  distributicHt  to 
the  elomach  and  other  organs  below  the  diaphragm. 

The  spinal  accessory  nerve  consists  of  two  parts.      The  ocCMMry  portion    of  the    nerve 
consists  of  efferent  fibree  for  the  branchial  region,  in  series  with  the  lateral  motor  roots  of  the 

tloseo-pbaryngeot  and  vagus  nerves.     The  ipxnal  portion  of  the  nerve  is  also  compaeed  of  efferent 
bres,  and  represents  the  only  lateral  motor  elements  arising  from  the  spinal  cord. 


Flo.  SSa. — SCBEHE    TO    ILLDBTRATE    TBI    DlSrOSITION    OF    THI    MVOTOMBS    D 
THE   EMBBYO   in   RsLATION   TO   THI   HXAD,    TbCNK,   AND   LiHBS. 

A,  B,  C,  First  three  cepbalic  Diyi)tom«g;  N,  1,  2,  3,  4,  Last  petsbtiag  c«p1ialtc 
myotomes  ;  C,  T,  L.  S,  Co,  The  myotomes  of  the  cervical,  thoncic, 
lumbw,  saorel,  aud  caudal  regious  ;  I„  II.,  Ill,,  IV.,  V„  VI.,  VII,,  VIII,. 
IX.,  X.,  XI.,  XII.,  refer  to  the  cianial  itervea,  and  the  atructi 
which  they  may  be  emhryologioaily  »s«ociated. 
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OUkctory  Nerve. — There  ia  abaolut*  uncertainty  regarding  the  morpholcgy  of  this  nerve. 
It  tonsistB  of  three  elements:  (1)  the  olfactoiy  bulb,  derived  from  the  cerebral  hemisphere, 
solid  in  man,  hut  a  hollow  terebral  diverticulum  in  certain  animals,  and  forming  the 
rhincncephalon  ;  (2)  the  olfoctor?  ganglion,  with  it«  central  and  j>eripheral  processes,  derived 
from  the  ectoderm  ;  (3)  the  naial  pit  Attention  has  been  epeeially  fixed  on  the  olfactory 
gai^lion,  which  has  been  compared  to  (!)  a  dorsal  spinal  ganglion,  derived  from  the  anterior  end 
of  the  medullary  groove  ;  and  to  (S)  a  lateral  line  sense-orgau. 

The  optic  nerve  also  prceenU  an  insoluble  problem  in  n^rd  to  iu  morpholc«tcal  position 
in  the  series  of  cranial  nerves.  The  optic  stalk  and  optic  cup  have  been  regarded  as  a  highly- 
modified  dotaal  ganglion;  but  there  is  insupprable  difficufty  in  accepting  thb  view.  The 
peripheral  proce«8ee  do  not  become  connected  with  either  ectodermal  or  mesoblastic  structures, 
hui  necome  the  tissue  of  the  retina ;  while  the  central  processes,  growing  backwards,  envdop 
the  o^tic  stalk,  and  obtain  connexions  with  the  brain.  The  retina  must  be  regarded  aa  a  highly- 
moditied  layer,  morphologically  in  series  with  the  wall  of  the  fore-brain  ;  and  the  ectodermal 
structure  of  superficial  origin  comparable  to  the  olfactory  ganglion  or  the  auditory  vesicle  is  the 
lens  (which  may  poeaibly  be  homologous  with  a  lateral  line  sense-organ).  The  optic  nerve,  optic 
cummissure,  and  optic  tract  are  then  to 
be  looked  upon  as  cerebral  commissures, 
and  not  as  nerves  in  the  ordinary  sense. 

The  simplest  and  most  primitive  con- 
dition of  tne  head,  in  r^ation  to  the 
morpholo^'  of  the  cranial  nerves,  is  found 
before  the  lurmation  of  the  gill-clefts,  when 
the  salient  features  are  a  tubular  and  simple 
brain,  and  a  series  of  superficial  invagina- 
tions which  pass  from  the  surface  inwards 
to  become  connected  with  outgrowths  cor- 
responding to  them  from  the  primitive 
brain.  On  either  side  of  the  head  three 
hollow  invaginations  occur: — fl)  The  nasal 
pit  bearinn  tne  olfactory  epithelium  becomes 
connected  oy  the  olfactory  ganglion  with  the 
rhinencephalon,  an  outgrowthfrom  the  fore- 
brain,  and  80  forms  the  basis  of  an  olfactory 
organ  and  nerve ;  (2)  a  similar  invagination 
produces  the  laoa,  connecl«d  with  a  pro- 
trusion of  the  optic  vesicle  from  the  fore- 
brain,  by  which  the  basis  of  the  eye  and 
the  optic  nerve  is  formed  ;  (3)  behind  the 
buccal  cavity  a  third  invagination  forms 
the  anditorr  veiicle,  which  is  connectiKl 
with  the  solid  extension  from  the  hind- 
brain  of  the  acoustic  ganglia,  to  form  the 
e9fl*^ntials  of  the  organ  of  heariug  and 
auditory  nerve. 

The  trigeminal  nerve  is  essentially  the 
nerve  of  the  buccal  cavity  and   tlie  snb- 

ordinate   cavities,  nasal  aiid  oral,  derived      fio-  539.— Schkme  to  illustrate  the  Eubhtolooical 
from  it    The  branchial  arches  and  clefts  Ahbasqemest  of  the  Cranial  Nebvbh, 

are  si'COndary  Btruitures,  and   their  nerves    I.  toXII.  CranialNervea  ;  Fh,  Froriep'sgmngUon  ;  CI.,  Boots 

are  (I)  the  trigeminal  for  the  first  (mandi-  miU  tmuk  of  tbe  first  uervicd  hwvb. 

bular)  arch  and  the  cleft  in  front  of  it ; 

(2)  the  facial  for  the  second  (hyoid)  areh  and  cleft ;  (3)  the  glosso-phaiyngeal  for  the  third 

(tbyro-hyoid)  arch  and  cleft;  and  (4)  the  pneuniogaetric  for  the  succeeding  arches  and  clefts. 

The  bulbar  part  of  the  spinal  accessory  nerve  is  iuneparable  from  the  motor  portion  of  the  vago- 

giosso -pharyngeal  nen-cs ;  the  spinul  part  is  beyond  the  series  of  the  cranial  nerves. 

Lastly,  there  are  certain  truly  leginental  nerve  elements,  motor  fibres  which,  remaining 
associated  with  certain  persistent  cephalic  myotomes,  give  rise  to  the  ocuio-motor,  trochlear, 
abdncent,  and  hypoglossal  nerves. 


THE   SYMPATHETIC   NERVOUS   SYSTEM. 


The  ayiDpathetic  nervous  Bystem  consists  of  a  pair  of  elongated  gangliated 
corda  (nervi  sympathici),  extending  from  the  base  of  the  skull  to  the  coccyx  ;  con- 
nected, on  the  one  hand,  by  a  series  of  branches  to  the  spinal  nervous  system,  and 
on  the  other  hand  giving  off  an  irregular  series  of  branches  to  the  viscera.  At  its 
cephalic  end  each  sympathetic  cord  is  continued  in  a  plexiform  manner  into  the 
cranial  cavity  along  with  the  internal  carotid  artery,  and  forme  complex  relation- 
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ships  with  certain  cranial  Derves.  At  their  caudtil  enda  the  two  sympathetic 
cords  become  joined  tc^ther  by  fine  filatneots,  and  are  connected  by  the  coccygeal 
ganglion  (g.  impar). 

The  Byiiipathetic  system  (1)  serves  to  rearrange  and  distribute  fibres  derived 
from  the  cerebro-spinal  system  to  the  viscera  and  vessels  of  the  splanchnic  area ; 

(2)  it  transmits  to  the  cere bro- spinal  system  afferent  fibres  from  the  viscera;  aod 

(3)  it  transmits  fibres  to  the  vessels,  involuntary  muscles,  and  glands,  in  the  course 
of  the  somatic  divisions  of  the  spinal  nerves. 

Oeneral  Stnictnre  of  tbe  Sympatbetic  System. — The  sympathetio  syat«m  is 
composed  of  two  elements — ganglia  and  nerve  fibres. 

The  ganglia  (g.  trunci  sympathici)  are  variable  in  number,  form,  size,  and 
position.  They  are  not  delinitely  segmental  in 
position,  hut  they  are  always  connected  together 
by  a  system  of  narrow  commissural  cords  of  nene 
fibres.  A  ganglion  consists  of  a  larger  or  smaller 
number  of  multipolar  nerve  cells,  enclosed  in  a 
capsule  of  connective  tissue.  Each  cell  is  pro- 
vided with  one  axon  and  a  number  of  dendrites. 
The  axon  may  enter  into  the  composition  of 
(a)  the  commissural  cord ;  (b)  a  central  branch 
(gray  ramus  communicans) ;  or  (c)  a  peripheral 
branch  from  the  sympathetic  cord.  These  axoD)! 
are  commonly  medullated  at  their  origin,  but 
become  non-medulla  ted  in  their  course  from  the 
parent  celL  Besides  these  ganglia,  two  other 
series  of  ganglia  are  present  in  connexion  vith 
the  peripheral  branches  of  the  sympathetic: 
intermediate  or  coUater&l  ganglia,  on  the  branches 
.CM..1  or  io  the  sympathetic  plexuses;  and  temiiiul 
!«■■'  ganglia,  in  close  relation  to  the  endings  of  tbe 
nerves  in  the  viscera. 

The  nerve  fibres  in  the  sympathetic  sj^t«tD 

cw.e    are  of  two  classes,  medullated  aod  non-medul- 

lated.     The   distinction   is   not  absolute.    The 

'''%H"VH^""l!!»lu8™»»^.7c";rorTHB  medullated    fibres    may    lose    their    medullary 

sthfathetic.  sheaths  before  reaching  their  terminations ;  and 

The  roou  uid  trnnka  ot  >  iipinal  nerve  are  the  non -medulla ted  fibres  may  at  their  orij^i'i 

shown, -iih  the  whit*  ramiis  passing  be    possess  a  meduUury   sheath.      The  mednlUted 

tween  .he  aiiinnl  nerve  Slid  Biympathetic  g,^   f            ^j^             ■           f       /^-^                ■    go^^^n'- 

ganglion  (Sy).      The  eplauthnio  efferent  .     ,^x        •           ,  .           l        r ...          ■      i              \ 

Hbres  (In  red)  are  sliown,  partly  eliding  contes  (the  visceral  branches  ot  the  Spinal  oerves,'. 

in  the  ganglion,  and  partly  panning  1*.  They  take  Origin   from   the   anterior   priuiarr 

yondtheganglioninto«i*ripher»i  branch,  divisions  of  certain  spinal  nerves  in  two  strciimj: 

The  splanchnic  affervui  nhrei  (in  blue)  are  <«  i       />  i     r  - 

shown,  partly  entering  the  ganKlion,  and  thoracico-liunbu  trom  the  hrst  or  second  thoiacii' 
pawing  upwards  or  downwards  in  the  to  the  Second  Or  third  lumbar  nerve,  and  pelvic, 

g«igliated  cord  ;  partly  p«.ing  over  the  g^,^   f  j^  ^     ^  jj^j^  ^^j^  ^„j 

eoru  iiiW  peripheral  branches.  »  i  i  ,ni  1.1 

fourth  sacral  nerves.  The  roots  oi  these  nerve-- 
arise  from  both  dorsal  and  ventral  roots  of  the  spinal  nerves,  hut  in  largest  numbers 
from  the  ventral  root.  The  fibres  from  the  ventral  roof  are  oi  very  small  siza  Thev 
are  the  axons  of  nerve  cells  within  the  spinal  cord,  which  enter  the  sympathetic  coni 
through  the  white  ramus,  and  end  by  forming  arborisations  around  the  cells  of  a  sym- 
pathetic ganglion.  There  are  three  known  courses  for  such  a  fibre  to  take  in  relation 
to  the  sympathetic  system— (a)  It  may  end  in  the  ganglion  with  which  it  is  im- 
mediately related  ;  ('<)  it  may  course  upwards  or  downwards  in  the  commissural  oird 
to  reach  a  neighbouring  ganglion ;  (c)  it  may  pass  beyond  the  gangliated  cord  to  end 
in  relation  Lo  cells  of  the  peripheral  (collateral)  ganglia  along  with  fibres  of  distribu- 
tion from  the  sympathetic  ganglia.  These  fibres  arc  splanchnic  efferent  Jibres:  motor 
for  the  unstriped  muscular  tissue  of  the  vessels  and  viscera,  ond  secretory  for  the 
glands  in  the  splanchnic  area.  The  fibres  from  the  dorsal  root  of  the  spinal  nerve 
entering  into  the  composition  of  Ibe  white  ramus  communicaneare  the  axons  of  spinal 
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ganglion  cells.  They  constitute  the  splanchnic  afferent  fibres,  and  probably  traverse 
the  sympathetic  gangliated  cord,  passing  upwards,  downwards,  and  outwards,  without 
beine  connected  with  its  cells.  They  are  the  sensory  fibies  for  the  viscera,  which 
they  reach  along  with  the  peripheral  branches  arising  from  the  87mp;ithetic 
cord  itself.  It  is  not  certain  that  fibres  from  the  dorsal  ganglia  are  only  found  in 
connexion  with  nerves  provided  with  distinct  white  rami  Similar  medullated 
fibres  are  foimd  also  in  the  gray  rami  communicantes. 

The  non-mednllated  filires  in  the  sympathetic  system  are  derived  from  the  axons 
of  the  sympathetic  ganglion  cells.  They  have  different  destinations,  (a)  Some 
fibres  appear  to  contribute  to  the  formation  of  the  commissural  cord  connecting 
the  ganglia  together, 
and  toend  in  arborisa- 
tions round  the  cells 
of  a  neighbouring 
ganglion.  (6)  Non- 
medullated  fibres 
form  a  large  part  of 
the  system  of  peri- 
pheral {splanchnic 
efferent)  branches, 
streaming  into  the 
splanchnic  area  in  an 
irregular  manner, 
both  from  the  ganglia 
and  the  connecting 
commissures,  (c)  The 
gray  rami  communi- 
cantes form  a  series 
of  non  -  medullated 
fibres  (with  a  small 
numberof  medullated 
fibres  intermingled) 
proceeding  centrally 
from  the  ganglia  to  the 
spinal  nerves.  These 
gray  rami  are  found 
in  connexion  with 
each  and  all  of  the 
spinal  nerves.  Their 
origin  from  the  gan- 
gliated cord  is  ir- 
regular :  they  may 
come  from  the  gan- 
glia or  the  commis- 
sure; they  may  divide 
after  their  origin,  so 
that  two  spinal  nerves 

are  suppliea  trom  one  pjQ^  541 — scheme  of  the  Constitttion  and  Connexions  op  the' 

ganglion  ;      or      two  Ganoluted  Cord  of  the  Sympathetic. 

ganglia    may   supply   The  gangliated  cord  is  indicated  on  the  right,  with  the  arrangement  of  the  fibres 
branches   to  a   single  arising  from  the  ganglion   cells.      On  the  left  the  roots  and  trunks  of 

Spinal  nerve.  The 
gray  ramus  is  distri- 
buted along  the  somatic  divisions  of  the  spinal  nerves,  supplying  branches  to 
unstriped  muscular  fibres  (vaso-motor,  pilo-motor)  and  glands  (secretory).  They 
also  provide  small  recurrent  branches,  ending  in  the  membranes  enveloping  the 
spinal  nerve-roots.  Mingled  with  the  non -medullated  fibres  of  the  gray  rami 
are  found  a  small  number  of  medullated  fibres,  regarded  as  medullated  sympathetic 
fibres,  and  axons  from  the  dorsal  spinal  ganglia  incorporated  with  this  ramus. 
49 


spinal  nerves  are  shown,  with  the  arrangement  of  the  white  ramus  com- 
mnnicans  above  and  of  the  gray  ramus  below. 
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The  comnuBsural  cords  of  the  sympathetic  system  are  composed  of  white  and 
gray  fibres.  The  white  fibres  are :  (1)  splanchnic  efferent  fibres,  passing  to  a 
ganglion  above  or  below  the  point  of  entrance  into  the  sympathetic  system ;  (2) 
splanchnic  afferent  fibres,  guided  along  the  commissure  and  over  or  through  the 
ganglia.  The  gray  fibres  are  the  axons  of  sympathetic  ganglion  cells:  (1)  true 
commissural  fibres  passing  into  connexion  with  the  cells  of  a  neighbouring 
ganglion ;  (2)  fibres  passing  along  the  commissure  for  a  certain  distance  upwards 
or  downwards  before  entering  the  splanchnic  area  as  peripheral  branches. 

The  peripheral  (splanohnic)  branches  from  the  sympathetic  cord  consist  of— 

(1)  white  fibres — splanchnic  afferent  fibres  unconnected  with  cells,  and  splanchnic 
efferent  fibres  which,  after  passing  over  the  gangliated  cord,  are  on  their  way  to 
join  peripheral  (collateral)  or  terminal  ganglia  in  relation  to  the  viscera ;  and  of 

(2)  gray  fibres,  splanchnic  efferent  branches,  the  axons  of  sympathetic  ganglion 
cells  distributed  to  the  vessels  and  viscera  in  the  splanchnic  area. 

THE  CERVICAL  PART  OF  THE  SYMPATHETIC  CORD. 

< 

The  cervical  part  of  the  sympathetic  cord  may  be  regarded  as  an  upward 
prolongation  of  the  primitive  sympathetic  system  along  the  great  vessels  of  the 
neck.  It  is  characterised  by  the  absence  of  white  rami  communicantes  connecting 
it  with  the  cervical  spinal  nerves.  Its  spinal  fibres  ascend  in  the  commissural 
cord  from  the  upper  thoracic  nerves  to  be  connected  with  the  cells  of  the 
cervical  ganglia.  The  branches  from  the  ganglia  in  the  neck  are  distributed  to 
structures  in  the  head,  neck,  and  thorax :  (1)  motor  fibres  to  involuntary  muscles 
{e.g.  dilator  of  the  pupil) ;  (2)  vaso-motor  fibres  along  the  arteries  of  the  head  and 
neck  and  upper  limbs ;  (3)  pilo-motor  fibres  along  the  cervical  spinal  nerves  to  the 
skin  of  the  head  and  neck ;  (4)  cardio-motor  fibres ;  (5)  and  secretory  fibres  (for 
the  submaxillary  gland). 

The  gangliated  cord  in  the  neck  is  placed  upon  the  prevertebral  muscles  and 
behind  the  carotid  vessels.  It  extends  from  the  root  of  the  neck,  where  it  is  con- 
tinuous behind  the  subclavian  artery  with  the  thoracic  portion  of  the  cord,  to  the 
base  of  the  skull,  where  it  ends  in  the  formation  of  plexiform  branches  upon  the 
internal  carotid  artery.  It  consists  of  a  narrow  commissural  cord  composed  of 
medulla  ted  and  non- medulla  ted  fibres,  on  which  are  two  or  three  ganglia— a 
superior  ganglion  at  the  upper  end,  an  inferior  ganglion  at  the  point  of  junction 
with  the  thoracic  portion  of  the  cord,  and  an  intermediate  middle  ganglion  varying 
in  position  and  often  absent. 

The  superior  cervical  ganglion  (g.  cervicale  supenus)  situated  at  the  base  of  the 
skull,  lies  between  the  internal  jugular  vein  and  the  internal  carotid  artery.  It  is 
the  largest  of  the  sympathetic  ganglia,  measuring  an  inch  or  more  in  length.  The 
commissural  cord  connects  it  with  the  middle  ganglion  (g.  cervicale  medium),  which  is 
of  small  size,  is  frequently  absent,  and  may  be  divided  into  two  parts.  It  is  usually 
placed  over  the  inferior  thyroid  artery  as  it  passes  behind  the  carotid  sheatL 

The  inferior  ganglion  (g.  cervicale  inferius)  is  joined  by  the  commissural  cord  tu 
the  middle  (or  superior)  ganglion  above,  and  is  only  imperfectly  separated  from  the 
first  thoracic  ganglion  below.  It  is  of  considerable  size,  irregular  in  shape,  and  is 
placed  behind  the  first  part  of  the  subclavian  artery  in  the  interval  between  the 
last  cervical  transverse  process  and  the  neck  of  the  first  rib. 

The  branches  from  the  cervical  sympathetic  ganglia  and  cord  are  divisible  into 
two  sets — {A)  Central  communicating  branches  for  other  nerves ;  {B)  peripheral 
branches  of  distribution,  which  alone,  or  along  with  other  nerves,  form  plexuses, 
accompanying  and  supplying  vessels  and  viscera  of  the  head,  neck,  and  thorax. 
Although  this  distinction  is  made,  it  is  to  be  borne  in  mind  that  the  branches  of 
communication  are  as  much  nerves  of  distribution  as  the  others. 

Superior  Cervical  Ganglion. 

Central  Oommunicating  Branches. — 1.  G^ray  rami  communicantes  pass  from 
the  ganglion  to  the  anterior  primary  divisions  of  the  first  four  cervical  nerves. 
2.  Communicationfl  with  Cranial  Nerves. — Just  outside  the  skull,  in  the  deep 
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part  of  the  neck,  commuDicatiDg  branches  pass  to  the  following  cranial  nerves :  (a) 
to  the  petroHs  ganglion  of  the  glosao-pharyngeal  and  the  ganglion  of  the  root  of 
the  pneumf^astric  {n.  jugularia) ;  (6)  to  the  ganglion  of  the  trunk  of  the  pneumo- 
gastric  ;  (c)  to  the  hypogloaeal  nerve. 

Perij^eral  Branches  of  Distribution.—!.  Pharynx. — A  phaiyngeal  branch 
courses  downwards  and  inwards  behind  the  carotid  sheath  to  reach  the  wall  of  the 
pharynx,  where  it  joins  (along  with  the 
pharyngeal  branches  of  the  glosso-pharyngeal 
and  pneumogaatric  nerves)  in  the  formation 
of  the  phaiTngsal  plexus,  and  assistB  in  supply- 
ing the  muscles  und  mucous  membrane  of  the 
pharynx. 

2.  Heart. — The  soperior  cerrical  cardiac 
branch  is  a  slender  nerve  which,  on  the  right 
side,  descends  behind  the  large  vessels  into 
the  thorax  to  join  the  deep  cardiac  plexus. 
On  the  left  side  the  course  of  the  nerve  is 
similar  in  the  neck,  but  in  the  superior 
mediastinum  it  passes  between  the  left 
carotid  and  subclavian  arteries,  and  over  the 
aortic  arch,  to  join  with  the  inferior  cervical 
cardiac  branch  of  the  pneumogastric  in  the 
formation  of  the  supei^ciaJ  cardiac  plexus. 
In  their  course  both  nerves  form  connexions 
with  the  other  cervical  cardiac  nerves  of  the 
sympathetic,  and  with  cardiac  and  other 
branches  of  the  pneumogastric  (external  and 
inferior  laryngeal). 

3.  Vessels.  —  (a)  The  external  carotid 
branch  passes  forwards  to  the  external  carotid 
artery,  and  forms  the  external  carotid  plezna, 
which  supplies  offsets  to  that  artery  and  its 
branches,  as  well  aa  to  the  inter-carotid  body. 
From  the  subordinate  plexuses  on  the  facial 
and  middle  meningeal  arteries  sympathetic 
fibres  are  supplied  to  the  submaxillary  and 
otic  ganglia  respectively. 

(b)  The  internal  carotid  braaehee  form  an 
upward  prolongation  of  the  f;anglion.  which 
applies  itself  in  the  form  of  bundles  of  nerve- 
fibres  to  the  internal  carotid  artery  as  it 
enters  the  carotid  canal  in  the  temporal  bone. 
The  branches  separate  into  outer  and  inner 
parte,  which  form  plexuses  investing  the 
artery  in  the  cranium.  The  outer  division 
fomw  the  lower  or  carotid  plezos  (pi.  caroticus 
intemus);  the  inner  division  gives  rise  to 
the  upper  or  caTemons  plexns  (pi.  cavernosus). 
Both  plexuses  supply  offsets  to  the  artery  and 
its  branches,  and  form  communications  with 
certain  cranial  nerves. 

The  carotid  plexus  communicates  by  fine  branches  with  (a)  ihe  abducent  nerve, 
and  (6)  the  Gnsserian  ganglion,  and  gives  off  (c)  the  great  deep  petrosal  and  ((f) 
the  small  deep  petrosal  nerves.  The  great  deep  petrosal  nerve  joins  the  great 
superficial  petrosal  nerve  from  the  geniculate  ganglion  of  the  facial,  over  the 
foramen  lacerum  medium.  By  their  uuion  the  Vidian  nerve  is  formed,  which, 
after  traversing  the  Vidian  canal,  ends  in  Meckel's  ganglion.  The  small  deep 
petrosal  nerve  passes  to  the  tympanic  plexns.  This  plexus,  formed  by  the  small 
deep  petrosal  nerve,  the  tympanic  branch  of  the  glosso-pharyngeal,  and  a  twig 


,  Superior  rarvical  gnnglian,  and  conneiiauH 
and  brttuchea  ;  I.C,  Internal  carotid  artery  ; 
0,Ph,  Olouo-ptiaryugeikl ;  Va,  VaguB  ;  Uy, 
Hyt>og]aBsBl ;  C.l.  2,  3,  4,  Pint  four  cervical 
MrvM!  Plex,  PharynReal  i.lexus ;  G.Ph, 
Glosan. pharyngeal  nerve  ;  E.C,  To  external 
carotiil  artery  ;  3v.2.  Middle  cervical  gang- 
lion, conneiiona.  and  Uranclies ;  C.5,  6,  Fifth 
and  fixth  cervical  uerve« ;  l.Thy,  Inferior 
tliyroid  artsry ;  A.V,  Ansa  Vieuasenii ;  Sy.3. 
Inrciior  cervical  ganglion,  conuexiona,  and 
branches;  C.7.  S,  Seventh  and  eighth  cer- 
vical nerved  ;  Vert,  Verletirftl  plexus  ;  Car, 
Cardiac  branches. 
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from  the  geniculate  ganglion  of  the  facial  nerve,  is  placed  on  the  inner  wall  of  the 
tympaDum.  It  supplies  the  mucous  liuing  of  the  tympanum  and  Euetaohian 
tube ;  and  the  small  BuperScial  petroBal  nerve  passes  trom  it  to  the  otic  gangUoo. 

The  caveniouB  plexna  commuQicates  with  (a)  Uie 
ooulo-motor,  and  (b)  the  trochlear  nerves,  and  (c) 
the  ophthalmic!  division  of  the  trigeminal  nerve;  it 
also  (d)  supplies  twigs  to  the  pituitary  body,  and  (e) 
forms  the  aympathetic  root  of  the  ciliary  gaoglioD. 
This  may  pass  to  the  gauglion  independently,  or  it 
may  be  incorporated  in  the  long  root  of  the  ganglion 
from  the  nasal  branch  of  the  ophthalmic  nerve. 


Middle  Cervical  Ganglion. 

Central  Oonuniuiicatiiie:  Branches. — 1.  Orar 
rami  communicantea  ariBe  from  the  ganglion  or  from 
the  cord  for  the  anterior  primaiy  divisions  of  the 
fifth  and  sixth  cervical  nerves.  2.  The  subclavian 
loop  (ansa  Viensaenii)  is  a  loop  of  communication  from 
this  ganglion,  which,  after  passing  over  and  supplying 
offsets  to  the  subclavian  artery  and  its  branches,  joins 
the  inferior  tiervical  ganglion. 

Fenpheral  Branches  of  Distribntion. — 1.  Heart 
— A  slender  middle  cervical  cardiac  branch  descends, 
either  separately  or  in  company  with  other  cardiac 
nerves,  behind  the  large  vessels  into  the  thorax, 
where  it  ends  in  the  deep  part  of  tlie  cardiac  plexus 
on  each  side, 

2.  Thyroid  Body.  —  Branches  extend  inwarda 
along  the  inferior  thyroid  artery  to  supply  the  thyroid 
body. 

When  the  middle  ganglion  is  absent  the  branches 
described  arise  from  the  commissural  cord. 


Infkbiok  Cervical  Ganglion. 

Central  Oommnnieatinff  Branches- — 1.  Qnj 
rami  communlcaates  arise  from  this  gauglion  for  the 
anterior  primary  divisions  of  the  seventh  and  eighth 
cervical  nerves.  2.  The  lubclaTian  loop  already 
mentioned  connects  the  middle  and  inferior  ganglia 
over  the  front  of  the  subclavian  artery.  3.  A  com- 
munication frequently  occurs  with  the  inferior 
laryngeal  nerve. 
.     .  „  Peripheral  BrancheB  of  Distribation. — 1.  Heart 

;   K,L,  Recarreut  lftr>ng™i  —An  ii^erior  cervicol  cardiac  branch  is  (riven  off  ou 
tirimches  ^f  vagui ;  ^ach  Side  to  enter  the  deep  cardiac  plexus. 

2.  Veaeela. — (a)  The  vertebral  plexus  is  a  dense 
plexus  of  fibres  surrounding  the  vertebral  artery  and 
accompanying   its   branches   in    the   neck   and   the 
.1  cavity,     (b)  The  subclavian  plezns  is  derived 
from  the  subclavian  loop,  and  supplies  small  offsets  to 
nioDBry  srwrj.  ^^^   Subclavian   artery.      It  gives  branches   to  the 

internal  mammary  artery,  and  communicates  with  the  phrenic  nerve. 

THE  THORACIC  PART  OF  THE  SYMPATHETIC  CORD. 

The  thoracic  part  of  the  sympathetic  cord  consbts  of  a  variable  number  of 
ganglia  of  an  irregularly  angular  or  fusiform  shape,  joined  together  by  commissaral 


By,  Cervical  aympathetic  coni ;  C.I, 
Suiwrior,  C.2,  Middle,  and  C.8,  In- 
ferior cerviiAl  gauglia  ;  Car.  1 , 
Superior,  Cn.2,  Uiddle,  ftnd  Csr.3, 
Inferior  cervical  cardiac  sympa- 
thetic branches ;  Vb,  PneumoguMc 


D.C.P,  Deep  cardiac  plei 

Superticial  curdtac  pleiii 

Anterior  pulmonary  pie IU5  ;  P.P.P, 

Poalerior        pulmonary 

B.CaT.P,  Right,  and  L.Car.P,    Left    I 

coronary    plei  .      -  -      -  - 
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cords  of  considerable  thickness.  The  uumbet: 
of  ganglia  is  usually  teu  or  eleven  ;  but  the  firBt 
and  sometimeB  others  may  be  bo  fused  with  the 
neighbouring  ganglia  as  to  still  further  reduce 
Che  number.  This  part  of  the  sympathetic  cord 
is  characterised  by  its  union  with  the  thoracic 
spinal  nerves.-  Each  thoracic  nerve,  with  the 
possible  exception  of  the  first,  sends  a  visceral 
brandi  (white  ramus  communicans)  to  Join  the 
gangliated  cord  in  the  thorax.  These  white 
rami  separate  into  two  main  streams  in  relation 
to  the  sympathetic  cord.  Those  ot  the  upper 
five  nerves  are  for  the  most  part  directed 
upwards  to  be  distributed  through  the  cervical 
part  of  the  sympathetic  ganghated  cord  in 
the  manner  already  described.  The  white  rami 
of  the  lowtr  thoracic  nerves  are  for  the  most 
part  directed  downwards  in  the  lower  part  of 
the  sympathetic  cord  and  its  branches,  to  be 
distributed  in  the  abdomen;  at  the  same  time 
some  of  their  fibres  are  directly  associated  with 
the  supply  of  certain  thoracic  viscera, — lungs, 
aorta,  (esophagus. 

These  white  rami  are  composed  of  (1) 
splanchnic  afferent  fibres  passing  from  its  peri- 
pheral branches  through  the  sympathetic  cord 
into  the  dorsal  ganglia  of  tlie  spinal  nerves — 
meduUated  nerve-fibres  unconnected  with  sym- 
pathetic ganglion  cells ;  and  (2)  somatic  and 
splanchnic  eff«r«ut  fibres,  small  medullated 
nerves  which,  after  a  longer  or  shorter  course 
in  the  gangliated  cord  or  its  peripheral 
branches,  become  connected  with  the  sym- 
pathetic ganglion  cells,  or  with  the  cells  of 
peripheral  (collateral  or  terminal)  ganglia,  from 
wliich  again  (non-medullated)  axons  proceed  to 
supply  branches  to  viscera  and  vessels.  The 
ultimate  destination  of  the  upper  stream  of 
white  rami  from  the  thoracic  nerves  has  been 
mentioned  in  the  description  of  the  cervical 
sympathetic;  the  peripheral  branches  supply- 
ing thoracic  organs  contain  vaso-motor  fibres 
for  the  lungs  and  aorta.  The  peripheral  branches 
from  the  lower  part  of  the  sympathetic  cord 
in  the  thorax,  recei\'ing  white  rami  from  the 
lower  thoracic  nerves,  are  maiuly  destined  for 
distribution  to  structures  below  the  diaphragm. 
Tliey  comprise  {d)  viscero-inhibitory  fibres  for 

the  stomach  and  intestines ;  (6)  motor  fibres  for  p,,,  g^^  _  y„g   ahkasobment    of    the 
part  of  the  rectum ;  (c)  pilo-motor  fibres  for  the       '  Svkpathbtil-  Svbteu  in  the  Tbor*x, 
lower  part  of  the  body ;  {d)  vaso-motor  fibres         Abdomen,  asd  Pelvis. 
for  the  abdominal  aorta  and  its  branches,  and  T.i-i2 ;  L.i-5 ;  ai-s ;  Co.  Anchor  primary 

diviiiatiii  of  spinal  Den'«s,  comiecteil  to  the 
ganglUteil  cord  of  the  syni  pathetic  by 
rami  couimunicaotes,  white  (double  linos)  and  gray  (aiagle  lines) ;  Oks  (Esophagiia  auU  ce.wph«s«i>l 
pleius  ;  Ao.  Aorta  and  aorta  plexus ;  Va,  Vagus  uerve  joiuidg  (esophageal  pleiua  ;  8.1,  Great  aplancliuic 
neire  ;  X,  Great  splanchnic  gsuglion  ;  S.2.  Small  splanchnic  nerve  ;  8.3,  Least  splanchnic  nen-e  ;  Co, 
Coronary  artery  and  plexn»  ;  Si-L,  «pknic  artery  and  pleius  ;  H.  Hepatic  artery  aud  plexus  ;  SL,  Semi- 
lunar ganglion  ;  Di,  Diaphragm  :  H.R.  Suprarenal  capsule  ;  Re,  Renal  arlary  and  plexna  ;  S.M,  Sup  ' 
DiesBntoric  artery  and  plexas ;   Si',  Sperioatlc  artery  and  pleiuf      ■••■•■  -    ■ 

pleias ;   Hr,  Hypogastric  nerves  and  plexus  ;  Rec  Rectal  plex 
plexus  :  V.V.V,  Visceral  branches  from  sacral  nerves. 
49  a 
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for  the  lower  limbs ;  (c)  secretory,  and  (/)  sensory  fibres  for  the  abdominal  viscera. 
The  thoracic  part  of  the  sympathetic  cord  is  placed  upon  the  heads  of  the  ribs, 
and  is  covered  over  by  the  pleura. 

The  branches  from  the  gangliated  cord  are,  as  in  the  neck,  divisible  into  two 
sets — (A)  Central  branches,  communicating  with  other  nerves,  and  (B)  peripheral 
branches,  distributed  in  a  plexiform  manner  to  the  thoracic  and  abdominal  viscera. 

Central  Communicating  Branches. — The  white  rami  commmucantes  from 
the  thoracic  nerves  have  already  been  descnbed.  Passing  forwards  from  the 
beginning  of  the  anterior  primary  divisions  of  the  nerves,  they  become  connected 
with  the  ganglia  or  the  commissural  cord  of  the  sympathetic. 

The  gray  rami  communicantes  are  branches  arising  irregularly  from  each  thoracic 
ganglion,  which,  passing  backwards  along  with  the  white  rami,  join  the  anterior 
primary  divisions  of  the  thoracic  nerves. 

Peripheral  Branches  of  Distribution. — These  branches  arise  irregularly 
from  the  ganglia  and  the  commissural  cord.  They  are  composed  of  non-meduUated 
fibres  (splanchnic  efferent)  derived  from  the  ganglion  cells,  and  meduUated  fibres 
(splanchnic  efferent  and  afferent)  derived  directly  from  the  white  rami,  without 
the  intervention  of  the  cells  of  the  ganglia. 

1.  Pulmonary  Branches. — From  the  gangliated  cord  opposite  the  second,  third, 
and  fourth  ganglia  fine  filaments  arise  which  join  the  posterior  pulmonary  plexus.^ 

2.  Aortic  Branohes. — The  upper  part  of  the  thoracic  aorta  receives  fine  branches 
from  the  upper  five  thoracic  ganglia. 

3.  Splanchnio  Nerves. — Three  nerves  arise  from  the  lower  part  of  the 
gangliated  cord,  partly  from  the  ganglia  themselves,  and  partly  from  the  com- 
missural cord  between  the  ganglia.  Passing  downwards  over  the  bodies  of  the 
thoracic  vertebrae  they  pierce  the  diaphragm,  to  end  in  the  abdomen. 

(a)  The  great  splanchnic  nerve  (n.  splanchnicus  major)  arises  from  the 
gangliated  cord  between  the  fifth  and  ninth  ganglia.  By  the  union  of  several 
irregular  strands  a  nerve  of  considerable  size  is  formed,  which  descends  in  the 
posterior  mediastinum,  and  piercing  the  crus  of  the  diaphragm,  joins  at  once  the 
upper  end  of  the  semilunar  ganglion  of  the  solar  plexus.  In  its  course  in  the 
thorax  the  great  splanchnic  ganglion  (g.  splanchnicum)  is  formed  upon  the  uervT. 
It  is  more  prominent  in  the  foetus  than  in  the  adult.  From  both  nerve  and  gangliou 
branches  arise  in  the  thorax  for  the  supply  of  the  oesophagus  and  descending 
thoracic  aorta  (Fig.  544). 

(6)  The  small  splanchnic  nerve  (n.  splanchnicus  minor)  arises  from  the  gangliated 
cord  opposite  to  the  ninth  and  tenth  ganglia.  It  passes  over  the  bodies  of  the 
lower  thoracic  vertebrae,  pierces  the  diaphragm  near  or  along  with  the  great 
splanchnic  nerve,  and  ends  in  the  solar  plexoa  (aortico-Tenal  ganglion), 

(c)  The  least  splanchnic  nerve  (n.  splanchnicus  imus)  arises  from  the  last 
thoracic  ganglion  of  the  sympathetic,  or  it  may  be  a  branch  of  the  smaller 
splanchnic  nerve.     It  pierces  the  diaphragm,  and  ends  in  the  renal  plexus. 


THE  LUMBAE  PART  OF  THE  SYMPATHETIC  CORD. 

The  lumbar  part  of  the  sympathetic  cord  is  placed  upon  the  bodies  of  the 
lumbar  vertebra?,  internal  to  the  origins  of  the  psoas  muscle,  and  in  front 
of  the  lumbar  vessels.  It  is  connected  with  the  thoracic  portion  of  the  cord  by  an 
attenuated  commissural  cord,  which  either  pierces  or  passes  behind  the  diaphra^rm. 
It  is  continuous  below  with  the  sacral  portion  of  the  cord  by  a  commissure,  which 
passes  behind  the  common  iliac  artery.  It  is  joined  by  medullated  fibres  (whit** 
rami  communicantCvs)  from  the  first  two  lumbar  spinal  nerves,  and  it  contains  ^ 
well  medullated  fibres  continued  down  from  the  lower  part  of  the  thoracic 
gangUated  cord,  and  derived  from  the  visceral  branches  (white  rami  com- 
municantes) of  the  lower  thoracic  nerves.  This  part  of  the  gangliated  cord  Ls 
characterised  by  great  irregularity  in  the  number  of  the  ganglia.  They  are  usually 
four  in  number,  but  there  are  frequently  more  (up  to  eight) ;  and  in  extreme 
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cases  fiiaioD  may  occur  to  such  an  extent  that  the  separation  of  individual  ganglia 
becomes  impossible. 

White  rami  commnnicantM. — The  first  two  (or  three)  lumbar  spinal  nerves 
possess  visceral  brancheawhich  form 
white  rami  communicantes  joining 
the  upper  lumbar  ganglia  or  the 
gangliated  cord.  These  nerves 
form  the  lower  limit  of  the  thoracic- 
lumbar  visceral  branches  of  the 
spinal  nerves.  They  comprise  vaso- 
motor fibres  (for  the  genital  organs), 
and  motor  fibres  for  the  bladder  and 
uterus. 

Central  Oommunicatin; 
BraiudieB.  —  Qn-y  rami  commnnl- 
caotes  pass  from  the  gangliated  cord 
to  the  anterior  primary  divisions 
of  the  lumbar  nerves  in  an  ir- 
regular manner.  One  ramus  may 
divide  so  as  to  supply  branches  to 
two  adjacent  spinal  nerves ;  or  a 
spinal  nerve  may  be  joined  by  two 
to  five  separate  gray  rami  from  the 
gangliated  cord. 

The  rami  course  beneath  the 
origin  of  the  psoas  mwnus  muscle 
and  over  the  bodies  of  the  vertebra. 
Gray  rami  sometimes  pierce  the 
fibres  of  the  psoas  muscle. 

PeriphenU  Branches  of  Dis- 
tribution.— From  the  lumbar  gan- 
gliated cord  numbers  of  small 
branches  arise  irregularly,  and 
pass  inwards  to  supply  the  ab- 
dominal aorta,  reinforcing  the 
aortic     plena     (from     the     solar     Fia.  645.— tbb  Luhbab  Portior  of  the  SiurATHETic 

plexus)  Qasoliatkd  Cord  kSO  LumbaB  Pi.SXDS.  (From  &  disaection.) 

T.ll,  T.12,  lj.1,  I..2,  L,3,  L.4,  L.6,  Anterior  primary  division* 
of  spinal  nerves,  with  white  and  graj  nrni  coininnnicantes, 
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iplanohnic  nerve.  jominBiemilimargmgliDn;  8.R.C,  8upr«- 

GANGLIATED    COED.  renJ  cpsule    *nd  plexu.;  R,Pl,    B«n>l  pUiu.  ;  Ao.Pl. 

Aortic   pleiQ*  ;  S.U.   Superior   mesenteric   pleiui ;  I.H, 

Th«    Biurnl     imrt.    nf    t.hfl     aan  Inferior  mesenteric  pleiua ;  Hy.Pl,   Hypogastric  plains; 

ine    sacral    part    Ot    tne    gan-  q,  serve,  to  quadrate  lumbon-m;  I.H,  llio- hypogastric 

guated  cord,  like   the  cervical  ana  nerve  -,  I.I,  Ilio-in^inal  narre  ;  O.C,  Genito.crurBl  nerve  ; 

lower      lumbar     portions     of     this  E.C,  Eilernal  cutaneous  uene  ,  A.C.  Anterior  crural  nerve; 

avatAin      rnnpivPH     nn      white      rami  *=<'•  '^^^  Accessory  obturator nene  ;  Obt,  Obturator  nerve 

system,   receives    no    wmte    rami        ^  ^  Lumbo-samil  cord. 
communicantes    Irom    the    spinal 

nerves.  The  visceral  branchea  (pelvic  splanchnic)  of  the  third,  and  usually,  also 
the  second  or  fourth  sacral  nerves,  enter  the  pelvic  plexus  without  being  directly 
connected  with  the  gangliated  cord.  These  nerv'es,  however,  are  to  be  regarded  as 
homologous  with  the  white  rami  communicantes  of  the  thoracico-lumbar  nerves 
{abdom-inai  splanchnic).  They  convey  to  the  pelvic  viscera — (1)  motor  and 
inhibitory  fibres  for  rectum,  uterus,  and  bladder,  (2)  vaso-dilator  fibres  for  the 
genitals,  and  (3)  secretory  fibres  for  the  prostate  gland. 

This  portion  of  the  cord  is  placed  in  front  of  the  sacrum,  internal  to  the  anterior 
sacral  foramina.  It  is  connected  above  by  a  commissural  cord  with  the  lumbar 
portion  of  the  sympathetic,  and  below  it  ends  in  a  plexiform  union  over  the  coccyx 
with  the  cord  of  the  other  side,  the  two  being  frequently  connected  by  the 
ganglion  impar  or  coccygeal  gan^on.     The  number  of  ganglia  is  variable ;  there  are 
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commonly  four.  They  are  of  small  size,  gradually  diminishing  from  above  down- 
wards. 

Central  communicating  branches  arise  irregularly  in  the  form  of  gray  rami 
commuxiicantes  from  the  sacral  ganglia,  and  join  the  anterior  primary  divisions  of 
the  sacral  and  coccygeal  nerves. 

Peripheral  Branches  of  Distribution. — (1)  Visceral  branches  of  small  size  arise 
from  the  upper  part  of  the  gangliated  cord,  and  pass  inwards  to  join  the  pelvic 
plexus  (see  below). 

(2)  Parietal  branches,  also  of  small  size,  ramiiy  over  the  front  of  the  sacrum,  and 
form,  in  relation  to  the  middle  sacral  artery,  a  plexiform  union  with  branches  from 
the  gangliated  cord  of  the  other  side. 

SYMPATHETIC  PLEXUSES. 

It  has  already  been  seen  that  the  peripheral  branches  of  the  sympathetic 
gangliated  cord  throughout  its  length  are  characterised  by  forming  or  joining 
plexuses  in  their  neighbourhood. 

The  cervical  sympathetic  ganglia  and  nerves  give  rise  to  the  carotid  and 
cavernous  plexuses;  the  external  carotid,  pharyngeal,  thyroid,  vertebral,  and 
subclavian  plexuses ;  and  they  send  important  branches  to  the  cardiac  plexuses 
(described  along  with  the  pneumogastric  nerve). 

The  thoracic  ganglia  send  branches  to  join  the  pulmonary  and  oesophageal 
plexuses  (described  along  with  the  pneumogastric  nerve).  They  form  plexuses  on 
the  thoracic  aorta,  and  by  means  of  the  splanchnic  nerves  they  form  the  chief 
source  of  the  solar  plexus. 

The  Solar  and  Telvic  Plexuses. 

These  great  plexuses  serve  to  distribute  nerves  to  the  viscera  and  vessels  of  the 
abdominal  and  pelvic  cavities.  Taken  together  they  include  three  plexuses — the 
solar  plexus,  hypogastric  plexus,  and  the  pelvic  plexuses.  They  are  constituted 
by  peripheral  branches  of  the  lower  thoracic,  lumbar,  and  upper  sacral  parts  of  the 
gangliated  cord  of  the  sympathetic ;  and  they  are  related  to  the  central  nervous 
system  by  means  of  the  visceral  branches  (white  rami  communicantes)  of  the  lower 
thoracic  and  upper  lumbar  nerves  on  the  one  hand,  and  by  the  visceral  branche? 
of  the  second  and  third,  or  third  and  fourth  sacral  nerves,  on  the  other  hand.  The 
thoracico-lumbar  series  join  the  sympathetic  cord,  and  reach  the  solar  plexus 
mainly  through  the  splanchnic  nerves,  and  to  a  lesser  extent  through  the  luml<ar 
gangUated  cord.  The  sacral  series  enter  the  pelvic  plexus  without  connexion  with 
the  sympathetic  cord.  The  hypogastric  plexus  serves  as  a  connecting  link  between 
the  solar  and  pelvic  plexuses. 

The  solar  plexus  lies  on  the  posterior  abdominal  wall  in  relation  to  the 
abdominal  aorta  and  behind  the  stomach.  It  is  composed  of  three  elements :  the 
coeliac  plexus  surrounding  the  origin  of  tlie  coeliac  axis  between  the  crura  of  the 
diaphragm,  and  two  semilunar  ganglia,  each  lying  on  the  corresponding  crus  of 
the  diaphragm,  and  overlapped  by  the  suprarenal  capsule,  and  on  the  right  edde 
by  the  inferior  vena  cava.  The  plexus  is  continuous  with  subordinate  plexuses, 
diaphragmatic,  suprarenal,  renal,  superior  mesenteric  and  aortic ;  and  by  means  of 
the  hjrpogastric  nerves  the  aortic  plexus  becomes  continued  into  the  hypogastric 
plexus,  which  again  forms  the  chief  origin  of  the  pelvic  plexuses. 

The  semilunar  gangHa  constitute  the  chief  ganglionic  centres  in  the  solar 
plexua  They  are  irregular  in  form.  They  are  often  partially  subdivided,  and  one 
detached  portion  at  the  lower  end  is  named  the  aortico-renal  ganglion.  Other  small 
scattered  masses  of  cells  are  present  in  the  cceliac  plexus  (ganglia  ooeliaca).  At 
the  upper  end  the  semilunar  ganglion  receives  the  great  splanchnic  nerve.  The 
aortico-renal  ganglion  at  its  lower  end  receives  the  smaller  splanchnic  nerve. 
Branches  from  the  ganglion  radiate  in  all  directions — inwards  to  join  the  ca^liac 
plexus,  upwards  to  form  the  diaphragmatic  plexus,  outwards  to  the  suprarenal 
plexus,  downwards  to  the  renal,  superior  mesenteric,  and  aortic  plexuses. 
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The  cceliao  plexus  foinis  a.  consHlerable 
plexifnnu  raasa  surroiindiug  the  cojliac  axis.  It 
ODsLsts  of  a  dense  meahwork  of  fibres  with 
ganglia  intermingled  (g.  cceliaca),  joined  by 
numerous  branches  from  the  Bemilnnar  ganglion 
on  each  side,  and  by  branches  from  the  right 
pneumogaatric  nerve.  It  ia  continnons  below 
with  the  superior  mesenteric  and  aortic  plexuses. 
Investing  the  cteliac  axis,  it  forma  subsidiary 
plexuses  which  accompany  the  branches  of 
the  artery.  The  coronaiy  plezos  supplies 
bnincht;s  to  the  awophagus  and  stomach ;  the 
hepatic  plexDB  supplies  branches  to  the  liver  and 
<;aU-bladder,  stomach,  duodenum,  and  ]>ancreas ; 
and  the  splenic  plexns  sends  offaeta  to  the  spleen, 
pancreas,  and  stomach. 

Subordinate  plezuses  are  formed  on  the 
aorta  and  its  branches  by  nerves  derived  from 
the  solar  plexus  (semilunar  ganglia  and  cnpliac 
plexus). 

a.  The  duphragmatic  plexus  consists  of 
fibres  arising  from  the  semilunar  ganglion,  and 
accompanies  the  inferior  phrenic  artery.  Besides 
supplying  the  diaphragm,  it  gives  branches  to 
the  suprarenal  plexus,  and  (uu  the  right  side) 
to  the  inferior  vena  cava,  (on  the  left  side)  to 
the  fEsoph^us.  It  communicates  on  each  side 
with  the  phrenic  nerve.  At  the  junction  of  the 
plexus  and  the  phrenic  nerve  of  the  right  side 
a  ganglion  is  formed  (diaphragmatic  Kangllon). 

b.  The  snpnirenal  plexos  is  of  most  con- 
siderable size.  It  is  mainly  derived  from 
briinches  of  the  semilunar  ganglion,  reinforced 
by  nerves  from  the  lower  part  of  the  solar  plexus 
which  stream  outwards  on  tlie  capsular  arteries. 
It  is  joined  by  branches  from  the  diaphragmatic 
plexus  above  and  from  the  lenal  plexus  below. 
The  nerves  enter  the  substance  of  the  suprarenal 
capsule. 

e.  Therenalplexnsisderivedfrom(l)  iiranches 
of  the  semilunar  ganglion,  and  (2)  fibres  from 
the  aortic  plexus,  extending  outwards  along  the 
I'cnal  artery  to  the  hilum  of  the  kidney.  It 
receives  also  the  least  splanchnic  nerve,  and  is 
connected  by  numerous  branches  to  the  supra- 
renal plexus. 

d.  The  superior  mesenteric  plexns  is  insepar- 
able above  from  the  cceliac  plexus,  and  is  joined 
on  either   side  by  fibres  from  the   semilunar  , 
ganglion.      It  is  continuous   below  with   the 
aortic  plexus.     A  separate  detached  ganglionic         Abdohen,  and  Pelvis. 
mass  (sapeiior  mesenteiic  ganglion)  is  present  in  T.l-12;  LIS;  9.1-5;  cn.  Anterior  primary 
^     '  "  '        "^  divisions  or  apiiial  nerves,  connecteif  to  tbe 

ganglinteil  con!  of  the  ayiiipstlietie  by 
rami  communicinl**,  white  (double  lines)  hdiI  ^ny  (single  lines) ;  Oe8,  (Esophagus  and  H'sophageal 
pleinit ;  Ao,  Aorta  and  aortic  pltiua  ;  V&.  VaguH  nerve  joiniug  (esophageal  pleius  ;  9.1,  Great  splanchnic 
neive;  X,  Orut  splanclinic  ganglion;  8.2,  iinull  splanchnic  nerve;  S.3,  Least  splanchnic  nerve;  Co, 
Coronary  artery  and  pleius  ;  SrL,  Splenic  artery  anil  plciiis  ;  H,  Hepatic  artery  and  plems ;  H.  L,  Semi- 
lunar ganglion  ;  Di,  Diaphragm  ;  S.R,  Snprarenal  eapsnle  ;  Rfc  Renal  artery  and  plexus  ;  8.M,  Superior 
meseDteric  artery  and  plexus;  hi;  Spermatic  artery  and  plexns  ;  I.H.  Inferi<  ... 

plexui ;  Ht.   Bypogastric  nenes  and   pleius  ;  Rec,   Rectal  pleius  ;  llT,   I'ter 
pleiu<  ;  V.V.V.  Visceral  branches  from  sacral  nen-es. 
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the  plexu&  Accompanying  the  superior  mesenteric  artery  the  plexus  forma 
subordinate  plexuses  around  the  branches  of  the  vessel.  The  plexuses  in  the 
mesentery  at  first  surround  the  intestinal  arteries,  but  near  the  intestine  they 
form  fine  plexuses  between  the  layers  of  the  mesentery,  from  which  branches  pass 
to  the  wall  of  the  gut.  This  plexus  supplies  the  small  intestine,  caecum,  vermiform 
appendix,  ascending  and  transverse  portions  of  the  colon. 

e.  The  aortic  plexus  is  the  continuation  downwards  of  the  solar  plexus  around 
the  abdominal  aorta.  It  is  continuous  above  with  the  superior  mesenteric  and 
solar  plexuses ;  it  is  reinforced  by  the  peripheral  branches  of  the  lumbar  gangliated 
cord  of  the  sympathetic ;  and  it  is  connected  with  the  hypogastric  plexus  below 
by  the  hypogastric  nerves.  Besides  investing  and  supplying  the  aorta,  the  plexus 
contributes  to  various  subordinate  plexuses  on  the  branches  of  the  artery.  It 
contributes  to  the  suprarenal  and  renal  plexuses,  and  it  gives  rise  to  the  spermatic 
or  ovarian  and  the  inferior  mesenteric  plexuses. 

The  spermatic  plexus  invests  and  accompanies  the  spermatic  artery.  It  is 
derived  from  the  aortic  plexus,  and  receives  a  contribution  from  the  renal  plexus. 
It  supplies  the  spermatic  cord  and  testicle. 

The  ovarian  plexus  in  the  female  arises  like  the  spermatic  plexus.  It  accom- 
panies the  ovarian  artery  to  the  pelvis,  and  supplies  the  ovary,  broad  ligament,  and 
Fallopian  tube.  It  forms  communications  in  the  broad  ligament  with  the  uterine 
plexus  (from  the  pelvic  plexus),  and  sends  fibres  to  the  uterus. 

The  inferior  mesenteric  plexus  is  a  derivative  from  the  aortic  plexus,  prolonged 
along  the  inferior  mesenteric  artery.  It  forms  subordinate  plexuses  on  the 
branches  of  the  artery  (colic,  sigmoid,  and  superior  hsemorrhoidal),  and  is  dis- 
tributed to  the  descending  colon,  iliac  colon,  pelvic  colon,  and  upper  part  of  the 
rectum. 

The  hypogastric  nerves  form  the  continuation  of  the  aortic  plexus  into  the 
pelvic  cavity.  They  consist  of  numerous  plexiform  bundles  of  nerve-fibres  which 
descend  along  the  front  and  back  of  the  bifurcation  of  the  aorta  and  the  origin  of 
the  common  iliac  arteries,  and  over  the  sacral  promontory,  where,  becoming  in- 
extricably mingled,  they  constitute  the  hypogastric  plexus. 

The  hypogastric  plexus  is  continued  downwards  in  front  of  the  sacrum  on  either 
side  of  the  rectum,  and  ends  in  the  pelvic  plexuses. 

The  pelvic  plexuses  are  formed  by  the  separation  of  the  hypogastric  plexus 
into  two  halves  on  either  side  of  the  rectum.  Each  is  joined  by  fibres  from  the 
upper  part  of  the  sacral  portion  of  the  gangliated  cord  of  the  sympathetic,  and  by 
the  visceral  branches  (white  rami  communicantes)  from  the  second  and  third  or 
third. and  fourth  sacral  nervea  Accompanying  the  internal  iliac  artery  and  its 
branches  each  pelvic  plexus  gives  off  subordinate  plexuses  for  the  pelvic  viscera. 

a.  The  hemorrhoidal  plexus  supplies  the  rectum,  and  joins  the  superior  haemor- 
rhoidal  plexus  from  the  inferior  mesenteric  plexus. 

h  The  vesical  plexus  accompanies  the  vesical  arteries  to  the  bladder-walL 
Besides  supplying  the  muscular  wall  and  mucous  membrane  of  the  bladder,  it 
forms  subordinate  plexuses  for  the  lower  part  of  the  ureter,  the  vesicula  seminalis, 
and  the  vas  deferens. 

c.  The  prostatic  plexus  is  of  considerable  size.  It  is  placed  on  either  side  of 
the  gland,  and  in  addition  to  supplying  its  substance  and  the  prostatic  urethra,  it 
sends  offsets  to  the  neck  of  the  bladder  and  the  vesicula  seminalis.  It  is  continued 
forwards  on  each  side  to  form  the  cavernous  plexus  of  the  penis  (plex.  cavemosus 
penis).  Bundles  of  nerves  pierce  the  layers  of  the  triangular  ligament,  and  after 
supplying  the  membranous  urethra  at  the  root  of  the  penis,  give  off  branches  which 
enter  and  supply  the  corpus  cavernosum.  The  cavernous  nerves  communicate  with 
branches  of  the  pudic  nerve,  and  give  offsets  to  the  corpus  spongiosum  and  the 
spongy  portion  of  the  urethra. 

d.  The  uterine  plexus  passes  upwards  for  a  short  distance  with  the  uterine  arter}^ 
between  the  layers  of  the  broad  ligament,  and  is  then  distributed  to  the  surfaces 
and  substance  of  the  organ.  It  communicates  between  the  layers  of  the  brojid 
ligament  with  the  ovarian  plexus. 

The  vaginal  plexus  is  formed  mainly  by  the  visceral  branches  of  the  sacral 
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nervea  eoteriog  the  pelvic  plexua  It  supplies  the  wall  and  mucous  membraae 
of  the  vi^ina  and  urethra,  and  provides  a  cavrntotis  plexus  for  the  clitoris  (plex. 
cavemosuB  chtoridis).  The  uterine  and  vaginal  plexuses  of  the  female  correspond 
to  the  prostatic  plexua  of  the  male. 

DEVELOPMENT  OF  THE  SYMPATHETIC  SYSTEM. 

There  are  two  dia.metricall7  opposite  views  of  the  mode  of  development  oF  the  sym- 
pathetic system. 

In  birds  and  mammals  the  first  rudiment  of  the  sympathetic  cord  occurs  in  the 
formation  of  a  longitudinal  unsegmented  column  of  mesoblaetic  cells  (which  stain  more 
deeply  than  the  mesoblast  in  which  they  lie)  on  either  side  of  the  aorta,  and  coterminous 
with  it.  This  column  of  cells  becomes  joined  at 
an  early  stage  by  the  visceral  branches  of  the 
spinal  nervea  which  grow  inwards  from  the  main 
nerve  trunks  into  the  splanchnic  area,  and  result 
from  the  division  of  the  nerve  into  somatic  and 
visceral  parts.  These  visceral  branches  constitute 
the  white  rami  commnnicantes.  They  receive 
contributions  usually  from  both  dorsal  and  ventral 
roots,  and  gradually  approaching  the  above-men- 
tioned column  of  mesoblastic  cells,  they  become 
intimately  associated  with  the  cells.  In  some 
cases  fibres  of  the  visceral  nervea  pass  over  the 
cellular  column  into  the  splanchnic  area  without 
connexion  with  it  (Fig.  548).  By  the  junction  of 
these  visceral  nerves  with  the  celb  of  the  column, 
certain  cells  persist  and  produce  the  ganglia. 
The  intervening  portions  of  the  column,  by 
changes  in  the  cells,  aud  by  the  addition  possibly 
of  fibres  belonging  to  the  visceral  nerves,  give 
rise  to  the  commiaenral  cords.  The  cellular 
column,  besides  producing  the  gangliated  cord, 
by  the  further  growth  of  its  cells  and  their  ex- 
tension centrally  aud  peripherally,  produces  the 
fray  rami  communicanteB,  parts  of  the  peripheral 
branches,  and  the  peripheral  (collateral  and 
terminal)  ganglia,  as  well  as  the  medullary 
portion  of  the  suprarenal  capsule.  The  cervical, 
lower  lumbar,  and  sacral  portions  of  the  sym- 
pathetic gangliated  cord  are  secondary  extensions 
from  the  more  primitive  condition,  gradually 
growing  upwards  aud  downwards  along  the  main 
veaeela  These  portions  of  the  system  are  not 
provided  with  whit«  rami  commnnicantes.  The 
ganglia  of  the  sympathetic  assume  their  seg-  Sy,  i 
mented  appearance  (1)  from  the  persistence  of 
the  primitive  celb  and  their  conueiion  with  the 
spinal  nerves  by  means  of  the  white  and  gray 
rami  commuuicantes,  and  (2)  from  the  way  in  which  the  primitive  column  is  moulded 
by  the  surrounding  structures  (bones,  segmental  aiteries,  etc.) 

Another  account  of  the  development  of  the  sympathetic  system,  supported  by  high 
authority,  describes  the  gangliated  cord  as  an  outgrowth  of  the  dorsal  ganglia  of  the 
spinal  nerves.  It  is  said  that  each  ganglion  gives  olT  a  bud  at  its  lower  end,  which, 
growing  inwards  into  the  splanchnic  area,  becomes  attached  to  the  trunk  of  the  spinal 
nerve  just  beyond  the  union  of  the  dorsal  and  ventral  roots.  The  bud  still  extending 
inwards  into  the  splanchnic  area,  remains  associated  with  the  nerve  by  an  attenuated 
stalk.  These  buds,  it  is  said,  become  the  ganglia,  which,  after  reaching  their  permanent 
place  in  the  splanchnic  area,  are  supposed  to  extend  upwards  and  downwards  so  as  to 
coalesce  and  form  a  beaded  chain  of  ganglia.  The  stalks  connecting  the  ganglia  with  the 
spinal  nervea  become  the  white  rami  commuuicantes.  This  mode  of  development  does 
not  satisfactorily  account  for  several  important  features  of  the  sympathetic  system— the 
developmeut  of  those  parts  of  the  gangliated  cord  which  possess  no  white  rami,  the 
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absence  of  a  real  eegaiental  character  iu  the  cord  {remarkably  shown  in  the  foctuti},  and 
the  coiiMtADcy  of  cuiitiuuity  in  the  gangliated  cord.     No  instance  is  recorded  of  a  hiatus 

between  two  ganglia.  It  is  h 
tempting  yiew  ou  the  other  hand, 
an  it  ascriheH  to  the  one  germinal 
layer  (epiblast)  the  formation  of  all 
the  elements  of  the  nervous  system, 
and  ic  brings  the  sympathetic 
ganglia  into  serial  homology  with 
isolated  ganglia  on  the  cranial  nenc^ 
{e.ff.  the  ciliary,  spheuo-palatinc,  and 
otic,  on  the  trigeminal  nerve). 

Ibe  Morphology  of  the  Sym- 
pathetic System. 

g  I  From  ft  conflideration  of  its  struc- 

ture, functions,  and  development,  there 
appear  to  be  two  separate  structure? 
represented  in  the  aympatlieiic  nen'ous 
svBteui — tlieapinalaiid  theiympatltetic 
elements.  The  structure  of  tlie  E<yst>'ni 
presentsaunionof  twodJBtiuct  i-ltnienls 
— fibres  of  cerebro -spinal  origin  and 
g  "  sympathetic  "  cells  and  fibres.   While 

Fi<;.  648.-SECT10N  THHouGH  TMB  SYMPATHETIC  liANOLiATEn   the  fuBCtioR  of  the  gangliated  cotil  sod 
Curd  op  an  Embbio.  '"*  Branches  seems  to  be  abBohilcly  de. 

peudentupouthevercbro-spinalui 
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aystem,  it  is  certain  that  the  ceUn  and 

fibres  of  the  8ymj>athetic  systi-iu  posst-!* 
f  a  vital  activity  apart  from  their  cod- 

neiionwith  the  central  nervou^'system. 

In  the  development  of  the  sympathetic 
it  is  at  least  highly  probable  that  a  niesoblaetic  rudiment  or  precursor  forms  the  basis  of  th« 
sympathetic  system,  which  is  secondarily  joined  by  nerve-fibrca  from  the  roots  of  the  spiiial 

Morphologically  this  part  of  the  nervous  svstem  is  esaeiitially  a  longitudinal  cord  ur  i-olunin, 
associated  witli  involuntary  muscles  and  glanctular  tissues,  and  particularly  related  to  the  orgam 
in  the  splanchnic  area.  lake  other  longitudinal  stnictures  in  tlie  body,  and  psjjccially  like  the 
organs  of  the  splanchnic  area,  the  sympathetic  system  is  not  truly  segmental  The  gangliated 
conl  is  only  quasi -segmental,  the  segmentation  being  attributable  to  its  junction  with  the 
visceral  branches  of  tlie  spinal  nerves.  The  peripheral  branches  from  the  gangliattKl  conl  ur 
not  segmental ;  even  the  gray  rami  are  not  properly  metameric,  but,  like  the  ganglia,  aseiunv  a 
segmental  character  in  consequence  of  their  connexions  with  the  spinal  uervea 

The  phylM^nclic  relation  of  the  sympathetic  and  the  cerebro-spinal  elements  iu  the-  sytlem 
it  is  impossible  to  determine.  It  may  be  that  the  sympathetic  system  is  the  representative  vf 
an  ancient  architecture  independent  of  the  cer)>hro-spinaI  nervous  system,  the  materials  of  which 
are  utilised  for  a  more  modem  nen'oiis  system  ;  or  it  may  be  that  the  correlation  <if  spinsl 
nerves  an<l  sympathetic  are  both  the  consequences  of  the  formation  of  new  oigana  Ka<\  M  ructurtf 
in  the  sjilanchnic  area.  Examined  iu  every  light,  it  (tossefiaea  features  which  effectually  differ- 
entiate It  frum  the  cerebro-spinal  system,  although  it  has  become  ineitricaMy  miitcd  willi  it 


THE   ORGANS  OF   SENSE  AND  THE 

INTEGUMENT. 

By  Robebt  Howden. 

THE  NOSE. 

The  nose  constitutes  the  peripheral  part  of  the  organ  of  smell  (organon  olfactus), 
since  to  the  upper  portion  of  its  mucous  lining  the  branches  of  the  olfactory  nerve 
are  distributed.  It  consists  of  an  external  portion,  the  outer  nose,  which  projects 
from  the  face,  and  of  an  internal  part,  or  cavum  nasi,  which  is  divided  by  a  vertical 
septum  into  right  and  left  cavities  or  fossse. 

The  outer  nose,  or  uasus  externus,  forms  a  more  or  less  triangular  pyramid,  of 
which  the  upper  angle  is  termed  the  root  (radix  nasi),  and  is  usually  separated  from 
the  glabella  by  a  depression,  while  its  base  (basis  nasi),  directed  downwards,  is  per- 
forated by  the  apertures  of  the  nostrils  (anterior  nares).  Its  free  angle  is  named 
the  point  (apex  nasi),  and  the  anterior  border,  joining  root  and  point,  is  termed  the 
dorsum  nasi ;  the  upper  part  of  the  dorsum  is  supported  by  the  nasal  bones,  and  is 
named  the  bridge.  The  lateral  aspects  of  the  nose  are  continuous  with  the  eyelids 
above  and  with  the  cheeks  below,  forming  with  the  latter  a  varying  angle.  Each 
lateral  surface  ends  inferiorly  in  a  mobile  and  expanded  portion,  the  ala  nasi,  which 
forms  the  outer  boundary  of  the  anterior  nares,  and  is  limited  above  by  a  furrow, 
the  alar  sulcus.  The  skin  covering  the  nose  is  thin  and  movable  over  the  root,  but 
thick  and  adherent  over  the  point  and  alee,  where  it  contains  numerous  large 
sebaceous  glands. 

The  aiterial  supply  of  the  outer  nose  is  derived  from  the  facial  and  ophthalmic  arteries,  and 
its  veins  drain  themselves  into  the  facial  and  ophthalmic  tnmks.  Its  principal  lymphatic  vessels 
follow  the  course  of  the  &cial  vein  and  open  into  the  submaxillary  lymphatic  glands.  From  the 
root  of  the  nose  one  or  two  vessels  cur\^e  backwards  above  the  orbit  to  reach  the  upper  parotid 
glands,  while  a  third  croup  rims  below  the  orbit  to  the  lower  parotid  glands.  Tlie  racial  nerve 
supplies  its  muscles,  wnile  the  sensory  nerves  for  the  skin  are  the  infratrochlear  and  nasal  branches 
of  tne  ophthalmic  nerve  and  the  infraorbital  branch  of  the  superior  maxillary  nerve. 

The  nose  presents  great  variety  as  to  its  size  and  shape,  ana  certain  well-oefined  types,  such  as 
aquiline,  Grecian,  etc.,  are  described.  The  relation  which  its  breadth,  measured  across  the  alae, 
bears  to  its  length,  measured  from  root  to  point,  is  termed  the  nasal  index,  and  is  expressed  thus : 

greatest  breadth  x  100 
greatest  length. 

In  white  races  this  index  is  below  70  (leptorhines) ;  in  yellow  races,  between  78  and  85 
(mesorhines) ;  and  in  black  races,  above  85  (platyrhines). 

CAKTILAGES  OF  THE  NOSE. 

In  addition  to  the  bony  skeleton  of  the  nose  there  are  five  chief  cartilages 
(cartilagines  nasi)  which  contribute  to  the  production  and  maintenance  of  its 
shape.  These  are  named — (a)  the  cartilage  of  the  septum,  and  (b)  the  upper  and 
lower  lateral  cartilages  on  each  side. 

The  cartilage  of  the  septum  (cartilage  septi  nasi,  Fig.  549)  is  of  an  irregularly 
quadrilateral  form.  Its  postero-superior  edge  is  attached  to  the  mesethmoid ;  its 
postero-inferior  margin  to  the  vomer  and  intermaxillary  crest.     Its  antero-superior 
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border  is  thick,  and  is  fixed  above  to  the  back  of  the  intemasal  suture ;  below  the 
level  of  the  nasal  bones  it  is  continued,  on  either  side,  into  the  upper  lateral 
cartilages,  which  may  be  looked  upon  as  its  wing-like  expansiona     The  lower  part 


Fio.  5(0. — Latkiul  Vibw  op  Nasal  BtrrnH. 

of  this  border  is  separated  by  a  fissure  from  the  upper  lateral  cartilages,  atul 
exteads  downwards  butween  the  iuferior  lateral  cartilages,  to  which  it  is  attacheii 
by  fibrous  tissue.  In  this  fibrous  tissue  a  small  sesamoid  cartilage  is  uaimlly 
seen  on  each  side  of  the  middle  line.  Its  antero-inferior  border  is  short,  and  is 
attached  by  fibrous  tissue  to  the  mesial  plates  of  the  lower  lateral  cartilages, 
while  its  anterior  angle  is  rounded  and  does  not  reach  as  far  as  the  point  of  the 
nose.  The  lowest  part  of  the  nasal  septum  is  uot  formed  by  the  septal  cartilage, 
but  by  the  mesial  plates  of  the  lower  lateral  cartilages  and  by  the  integument,  ami, 
being  freely  movable,  is  termed  the  Beptam  mobile  naaL  The  cartilage  of  the  sepluui 
may  be  prolonged  backwards  (especially  in  children)  as  a  tongue-like  process  into 
the  angle  between  the  vomer  and  ethmoid.  This  process,  varying  in  width  from 
4-6  mm.,  is  named  the  procMSOS  Bpheaoidalis  septi  cartilaffissi,  and  sometimes  reaches 
as  far  as  the  body  of  the  sphenoid. 

Lying  along  the  lower  edge  of  the  cartilage  of  the  septum,  and  beat  seen  on 
making  a  coroual  section  of  the  nose,  are  a  couple  of  elongated  cartilf^nous  strip*. 
Each  meiiaures  from  6-12  mm.  in  length,  is  attached  to  the  vomer,  and  is  naiueil 
the  vomerine  cartilage  (cartiLigo  vomeronasal  is,  Jacohsoni). 

The  upper  lateral  cartilage  (cartilage  nasi  lateralis,  Figa.  550,  551)  is  triangular 
in  sha])e  and  situated  immediately  l>eIow  the  nasal  bone,  to  which  and  tn  the 
superior  maxilla  its  thin  po.sterior  border  is  attached.  Its  anterior  edge  is  thicii 
and  its  ujiper  part  is  directly  continuous  with  the  cartil(4re  of  the  septum.  Its  lower 
margin  is  joined  by  fibrous  tissue  to  the  upper  edge  of  the  lower  lateral  cartilage. 

The  lower  lateral  cartilage  (cartilago  alaris  major,  Fig&  550, 551,  552)encircles 
the  anterior  part  of  the  nostril  and  assists  in  keeping  it  open.  It  consists  of  two 
plates,  outer  and  inner,  which  are  continuous  with  each  other  in  a  rounded  angle 
at  the  point  of  the  nose.  The  outer  plate,  or  cms  laterale,  is  oval  in  shape  and  Li 
attached  to  the  upper  lateral  cartilage  and  to  the  superior  maxilla  by  fibrous  tisue. 


NASAL  FOSS^. 

ContinuouB  with  its  poatero-superior 
angle  are  two  or  three  small  carti- 
laginous pieces  (cartilagines  alares 
mioores).  while  sometimes  a  horizon- 
tal furrow  cuts  off  a  narrow  linear 
part  &om  its  upper  aspect.  The 
lower  edge  of  the  outer  plate  doea 
not  descend  aa  far  as  the  lateral 
txiundary  of  the  nostril,  the  ala  being 
devoid  of  cartil^e  and  composed  ■ 
merely  of  fatty  and  connective 
tissue  covered  by  skin.  The  inner  " 
plate,  or  cms  mediate  (Fig.  552), 
bounds  the  inner  aspect  of  the  nostril 
and  lies  in  the  septum  mobile  nasi, 
below  the  anterior  part  of  the  carti-  ^ 
lage  of  the  septum.  The  mesial 
plates  of  the  two  cartil^es  are  separ- 
ated in  front  by  a  notch  which 
corresponds  with  the  point  of  the 
noae,  and  each  curves  slightly  out- 
wards posteriorly  and  ends  in  a 
rounded  extremity. 

NASAL  FOSS^. 

The   nasal  fossa  (Fig.  553)  are 

two  in  number  and  are  placed  one  on  -     .,      „„     „ 

either  side  of  the  middle  line.  They 
extend  from  the  anterior  to  the 
posterior  nares  or  choanro,  and  open  through  the  latter  into  the  aaso-pharynx. 
Their  bony  boundaries  are  described  in  the  section  on  Osteology  (p.  173).  On 
-  -  the  lateral  wall  of  each  are  found 

the    orifices   of  the   frontal,   eth- 
moidal, sphenoidal,  and  maxillary 
'  sinuses,  together  with  that  of  the 

Dasal  duct. 

Immediately  above  the  aperture 
,p         of  the   nostril   is  a    slightly   ex- 
panded area,  the  vestibule  (vesti- 
iMxi°\t   bulum    nasi).      This    is    bounded 
externally   by   the    lower    lateral 
cartilage,   and,  internally,  by   the 
*™i      lower  part  of  the  septum,  and  is 
„(        prolonged  towards  the  tip  of   the 
nose  as  a  small  pouch,  termed  the 
ventricle.     Partly  subdivided  by  a 
«ni      curved  ridge,  the  vestibule  is  lined 
by  skin   and   contains   hairs   and 
'*'"       sebaceous   glands.     The    hairs,   or 
'■'*       vibrifwpe,  springing  from  its  lower 
half,  are  stout  and  curved  down- 
wards to  guard  the  untrauce  to  the 
nostril.     The    upper    part  of  the 
vestibule  is  smooth,  and  is  limited 
above   and   behind  by  a  slightly- 
marked    archud    prominence,    the 
limen  nasi,  beyond  which  the  fossa 
IS  lined  by  mucous  membrane. 
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The  naaal  fossa  above  and  behind  the  vestibule  is  divided  into  two  parts,  viz. 
an  upper  or  olfactory,  and  a  lower  or  respiratory  region.     The  ol&ctoiy  part,  or  regie 
olfactoria,  is  a  narrow,  slit-like  cavity,  and  comprises  the  region  of  the  superior 
turbinated  bone,  t<^ther  with  a  correspond- 
ing portion  of  the  septum.     The  laspiiatorr 
^"^"    part,  or  regio  respiratona,  is  expanded,  and 
adk  urtiiige   includes  tlie  lower  and  remaining  parts  of 

"  g,o[       the  fossa. 

"f  Inner  Wall  or  Septum  Nasi  (Fig.  549). 

—Where   the   bony    septum   is   deficient, 
9D«  of       below  and  in  front,  the  gap  is  filled  by  the 
septal  cartilage.     Until   the  seventh  year 
the  nasal  septum  lies,  as  a  rule,  in  the 
mesial  plane,  but  after   this  age  is   very 
Fro.  552.— CARTrLAOKa  of  nosk  rmu  Bklow.     often  deHected  to  one  or  other  side — more 
frequently  to  the  right — the  deflection  being 
usually  greatest  along  the  line  of  junction  of  the  vomer  and  mesethmoid.     Deflec- 
tion of  the  septum  is  more  common  in  European  than  in  non-European  skulls- 
occurring  in  about  53  per  c«nt  of  the  former  and  in  about  28  per  cent  of  the  latter 
(Zuckerkandl,  Anatomie  der  Nagenhohle,  1892).     Associated  with,  or  apart  from, 
this  deviation,  lateral  crests  or  spurs  of  bone  are  found,  in  about  20  per  cent  of 
skulls,  projecting  from  the  septum  into  one  or  other  nasal  fossa.     In  the  floor  of 
the  fossa,  close  to  the  lower  edge  of  the  septal  cartilage  and  immediately  over  the 
incisive  foramen,  a  alight  depression,  the  receasus  naao-palatinus,  may  be  seen.     It 
is  directed  downwards  and  forwards,  and  indicates  the  position  of  the  communication 
which    originally  ,    -^ 

existed     between  ^ 

the     nasal     and  Z^ 

buccal      cavities.  / 

In    the    septum, 

a     little     above  po^inf^- 

and      in       front  JI.ii"""'''' 

of    this     depres- 
sion, is  a  nunute  ri" 
orifice,  not  always  "* 
recognisable,  j, 
from      which     a  " 
blind   pouch   ex- 
tends       upwards  ^mnn 
and      backwards 

for  a  distance  of  ^ 

from  2  to  9  mm. 
This  is  the  rudi- 
mentary organ  of 
Jacobson  (oi^- 
nou  vomero- 
nasale)  and  is 
supported  by  the 
vomerine     carti- 


In  many  of  ^^°-  ^^- — Cokokai.  Sictiun  tukou'ih  Nabal  Foasf ;  antihior  Half  o*  Sktion 
the  lower  animals  ^'■"''  "'""'  »'"'"'°' 

this  organ  is  well  developed  (Fig.  554),  and  probably  plays  a  part  in  the  sense  of 
smell,  being  lined  by  epithelium  similar  to  that  in  the  olfactory  part  of  the  nose 
and  supplied  by  branches  of  the  olfactory  nerve. 

OnterWaU(Fig.455).— Above  the  superior  turbinated  bone  is  a  narrowreces8,ibe 
TAMsniB  spheoo-ethmoidalifl,  into  the  posterior  pait  of  which  the  sphenoidal  air-sinufi 
opens.  The  superior  meatiu  (meatus  nasi  superior)  is  a  short  oblique  fissure,  directed 
downwards  and  backwards  under  cover  of  the  superior  turbinated  bone  ;  into  ito 
a  ntero- superior  portion  the  posterior  ethmoidal  cells  open  by  one  or  more  orifices. 
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The  narrow  slit-like  interval  between  the  nasal  septum  and  the  inner  aspect  of  the 
middle  turbinated  bone  is  named  the  olfactonr  cleft  or  sulcus.     The  middle  meatus 
(meatus  nasi  medius), situated  below  and  to  the  outer  side  of  the  middle  turbinated 
bone,  is  a  roomy  passage,  and  is  continued 
forwanis    into    a    slightly    depressed    area 
termed  the  atrium  meatus  nasi,  which  lies 
immediately    aljove     the     vestibule.       The 
atrium  is  limited  above  and  in  front  by  a 
low   ridge,   the   »tt»r  nasi,  the   representa- 
tive  of  the   naso-turbinal    found   iu  many 
animals.     On  raising  or  removing  the  middle 
turbinated  bone  a  rounded   elevation,  bulla 
ethmoidslis,  caused  by  the  middle  ethmoidal 
air-cells,   is   seen.     This  varies   in  size  and 
is  directed  downwards  and  forwards,  whilst 
opening   either   on  it  or   above  it  are   the  es 
orifices  of  the  middle  ethmoidal  cells.     Curv-  p  ,  ,5, 
ing  xipwards  and  forwards,  below  and  in  front      '"  ihowing 
of  the  bulla  ethmoidalis,  is   a  deep,  narrow 
groove,  the  hiatus  semilnnaiis,  into  which  the  anterior  ethmoidal  cells  and  the 
antrum  of  Highmore  open.     The  opening  from  the  antrum  (ostium  ntaxUlare)  is 
situated   near  the  lower  and  back   part   of  the  hiatus,  and  is   placed   near   the 


Flo,   555.--VlKWOFTHlOcT«R  Wall  OFTHB  NoSI— IHK  TdHBISATBD  BoNEH  MAVJSli  BEES  REUOVED. 

1.  y«.tibul(.  *.  BiiJl»  ethmoirtaliJi.  T,  Cut  edgfodrnptrlor  tiirhiiiil*l  bone. 

2.  OiHiiing  of  ■ntrum  of  Highiiiore.  r,.  A^n  na-i.  "-  Cut  «!«■■  of  middip  lurliinnlcl  bone. 

3.  Hlitni  ntniilumri..  li.  <l[K-ninK  of  •nterlorrthmoiilal  will..     1>.  Pli.ry.iK™lorillce  of  Kuiilarhiiii  tub*. 

roof  of  the  antral  cavity.  A  second  opening  (ostium  acceBBoHuni)  is  not  infrequently 
seen  in  the  middle  meatus  above  the  posterior  part  of  the  inferior  turbinated  l>one. 
The  middle  meatus  extends  upwards  and  forwards,  and,  becoming  narrowed,  is 
continued  into  the  infnndibulum  or  channel  leading  into  the  frontHl  air-sinus. 
The  inferior  meatus  (meatus  nasi  inferior)  lies  below  the  inferior  turbinated  bone, 
50 
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under  cover  of  the  anterior  part  of  which  is  found  the  slit-lil<e  orifice  of  the  nasal 
duct  (see  p.  741). 

Hqcoos   Hembrane  (membrana  mucosa  nasi). — The   Schneiderian   or  nasal 

mucous   membrane 
Zone  ^      thick,     highly 

vascular,  and  firmly 

bound   to  the  sub- 

Bu  ,  jaceut     [leriosteiim 

and  perichondrium. 
It  is  continuous, 
through  thechoBDie, 
with  the  mucous 
lining  of  the  naso- 
pharynx ;  through 
g  the  nasal  duct  and 

I  lachrymal      cauale, 

S  with   the   conjunc- 

^  tiva  ;   and,  through 

s  the  apertures  lead- 

o  ing   into    the    air- 

sinuses,    with    the 
delicate    lining    ot 
these  cavities. 
Kia.  &&6. — Sbctioh  thbodoh  tbb  OuicroRi  Mncoua  Mihbeusb.  Throiii/hoiit  thf 

respiratory  region   it   is  covered  by  columnar,   ciliated   epithelium,   interspersed 
amongst  which  are  goblet  or  mucin  cells,  whilst  between  the  bases  of  the  columnai 


s  are  interpolated.     It  contains  a  freely  anastomosing 


cells  smaller  pyramidal  i 
venous     plexus,     which 

in  some  parts,  e.g.  over 
the  inferior  turbinated 
bones,  forms  a  kind  of 
cavernous  tissue  (plexus 
cavern  osus  concharum). 
Many  acinous  glands, 
secreting  a  watery  fluid, 
are  emb<idded  in  it,  and 
are  especially  large  and 
numerous  in  the  jKisterior 
half  of  the  nasal  fossa;, 
while  in  children  it  con- 
tains a  considerable 
amount  of  adenoid 
tissue. 

In  the  olfactory 
region  the  mucous  mem- 
brane is  yellowish  in 
colour,  more  delicate,  and 
covered  by  non-ciliated 
columnar  epithelium 
(Figs.  556,  557).  Em- 
bedded initarenumerous 

tubular     and     often  ^  ^ 

branched  glands,  the 

gl&nds  of  Bowman  (gl.  ollactoria-) ;  these  are  lined  by  polygonal  cells  and  open  by 
fine  ducts  oq  its  free  siirfiice.  The  epithelium  covering  the  olfactory  regiou 
consists  of:  (1)  supporting  cells,  (2)  olfactory  cells,  and  (;S)  basal  cells. 

1.  Supporting  Cells. — The  outer  part  of  these  cells  is  columnar  in  shape  and 
contains  fine  granules  of  yellow  pigment,  whilst  the  deeper  portion  is  attenuated 
and  frequently  branched.     Theycontaiu  elliptical  or  oval  nuclei,  which  are  situated 


t 


,n(i-.  Biunn). 


THE  EYE.  723 

at  the  deep  ends  of  the  colamnar  parts  of  the  cells,  and  form  what  is  termed  the 
zone  of  oval  nuclei. 

2.  Olfaotory  Cella — ^They  are  spindle-shaped  and  lie  between  the  deeper, 
attenuated  parts  of  the  supporting  cells ;  their  nuclei  are  circular  and  form  the 
zone  of  round  nuclei.  Each  cell  gives  off  a  peripheral  and  a  centrgj  process,  the 
former  of  which  is  rod-like  and  ends  on  a  level  with  the  free  extremities  of  the 
supporting  cells,  where  it  is  surmoimted  by  a  pencil  of  short  filaments,  termed  the 
olfactory  hairs.  A  fine  membrane,  the  membrana  limitans  externa,  covers  in  mmy 
animals  the  free  surface  of  the  epithelium,  and  is  pierced  by  the  olfactory  hairs  and 
by  the  ducts  of  Bowman's  glands. 

The  central  process  is  a  very  delicate  varicose  filament,  which  passes  inwards 
and  is  continuous  with  a  fibril  of  the  olfactory  nerve.  Each  of  these  nerve  fibrils 
probably  retains  its  independence  from  its  point  of  origin  in  an  olfactory  cell  to  its 
termination  in  the  olfactory  bulb,  in  the  glomerular  layer  of  which  it  forms  a  free 
arborisation. 

3.  Baaal  Cells. — These  cells  are  branched,  and  lie  on  a  basement  membrane 
between  the  deep  extremities  of  the  supporting  and  olfactory  cells. 

Olfactory  Nerves. — These  nerves  arise  from  the  under  aspect  of  the  olfactory 
bulb  and  are  transmitted  through  the  foramina  in  the  cribriform  plate  of  the 
ethmoid  bone.  They  are  at  first  lodged  in  the  bony  canals  or  grooves  situated  on 
the  inner  and  outer  walls  of  the  olfactory  area,  and,  reaching  the  deep  surface  of 
the  mucous  membrane,  are  continued  into  the  central  processes  of  the  olfactory 
cells.     The  olfactory  nerves  possess  no  medullary  sheath. 

The  fifth  cranial  nerve  supplies  branches  of  ordinary  sensation  to  the  nasal  mucous  membrane 
as  follows :  The  septum  is  chiefly  supplied  by  the  naso-palatine  nerve,  but  its  posterior  |>art 
receives  some  filaments  from  Meckel's  ganglion  and  the  Vidian  nerve,  and  its  anterior  portion 
from  the  nasal  branch  of  the  ophthalmic.  The  outer  wall  is  supplied— (1)  by  the  upper  nasal 
branches  of  the  Vidian  nerve  and  Meckel's  ganglion ;  (2)  by  the  lower  nasal  branches  derived  from 
tbe  anterior  palatine;  and  in  front  by  (3)  the  outer  division  of  the  nasal  branch  of  the  ophthalmic. 
The  floor  and  anterior  part  of  the  inferior  meatus  are  supplied  by  a  nasal  branch  of  the  anterior 
superior  dental  nerve. 

Blood-Tessels. — Arteries. — The  chief  artery  of  the  nose  is  the  spheno-palatine  branch  of  the 
internal  maxillary  artery.  This  reaches  the  nasal  cavity  through  the  spheno-palatine  foramen,  and 
divides  into— (a)  posterior  nasal,  which  ramifies  over  the  turbinated  r)one8  and  sends  branches  to 
the  antrum  and  to  the  frontal  and  ethmoidal  cells ;  and  (b)  naso-palatine,  the  artery  of  the 
septum.  Twigs  are  ^ven  to  the  upper  portion  of  the  cavity  by  the  anterior  and  posterior 
ethmoidal  arteries,  while  its  posterior  part  receives  some  small  branches  from  the  descending 
palatine  vessel  The  nostrils  are  supplied  by  the  lateral  nasal  branch  of  the  facial,  and  by  the 
septal  artery  of  the  superior  coronary.  The  antrum  is  partly  supplied  by  the  infraorbital  artery, 
whilst  the  sphenoidal  sinus  gets  its  chief  supply  from  the  pterygo-palatine  vessel.  The  veins 
form  a  dense  plexus  almost  resembling  cavernous  tissue  in  structure.  This  condition  is  well  seen 
in  the  respiratory  region,  and  especially  so  over  the  middle  and  inferior  turbinated  bones  and  on 
the  lower  part  of  tne  septum.  The  venous  blood  is  carried  in  three  chief  directions,  viz. 
forwards  into  the  facial  vein,  backioards  into  the  spheno-palatine  vein,  and  upwards  into  the 
ethmoidal  veins.  The  ethmoidal  veins  communicate  with  tne  ophthalmic  veins  and  the  veins  of 
the  dura  mater;  further,  an  ethmoidal  vein  passes  up  through  the  cribriform  plate  of  the 
ethmoid,  and  either  opens  into  the  venous  plexus  of  the  olfactory  bulb  or  directly  into  one  of  the 
veins  of  the  orbital  part  of  the  frontal  lobe  of  the  brain.  The  lymphatics  form  an  irregular  net- 
work in  the  superficial  part  of  the  mucous  membrane,  and  can  be  injected  from  the  subdural  or 
subarachnoid  space.  The  larger  vessels  are  directed  backwards  towards  the  choanse,  and  are 
collected  into  two  trunks,  of  which  the  larger  passes  to  a  lymphatic  gland  in  front  of  the 
axis  vertebra,  and  the  smaller  to  one  or  two  glands  situated  near  the  great  comu  of  the  hyoid 
bone. 

The  development  of  the  nose  is  described  in  the  section  which  deals  with 
"  General  Embryology  "  (p.  38). 


THE  EYE. 

The  eyeball  or  globe  of  the  eye  (bulbus  oculi)  constitutes  the  chief  part  of  the 
organ  of  sight  (organon  visus);  but,  associated  with  its  description,  certain 
accessory  structures,  such  as  the  eyelids  and  the  lachrymal  apparatus,  fall  to  be 
considered. 
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THE  EYEBALL 

Situated  in  the  anterior  part  of  the  orbital  cavity,  the  eyeball  is  protected  in 
front  by  the  eyelids  and  by  their  mucous  lining,  the  conjunctiva,  and  is  pierced 
behind  by  the  optic  nerve,  or  nerve  of  sight,  which  spreads  out  to  form  its  innermost 
tunic,  the  retina.  The  tendons  of  the  ocular  muscles  are  attiwhed  to  its  outer 
surface  a  short  distance  in  front  of  its  equator,  while  its  posterior  two-thirds  are 


Canal  of  Schleinm 

Suspensory  ligament 
Len 


Tendon  o: 
external 
rectus 


Cornea 

Anterior  chamber 
Iris 
Post«rior  chamber 

-Ciliary  proceM 
Canal  of  Petit 

Tendon  of 

internal 

rectiiR 


Equator— 


VMtreouB 


Optic  axis 


Canal  of 
Stilling 

—Equator 


Vitrecratf 


Fovea  central 


Lamina  cribrona  sclene 
Arteria  centratin  retinie 

Optic  nerve 


Fro.  658. — Diagram  or  a  Horizontal  Sbotion  throdoh  lbft  Eteball  and  Optic  Nervb 

(four  times  enlarged). 

enveloped  by  a  loose  membrane,  termed  the  capsule  of  Tenon,  or  fascia  bolbi,  which 
separates  it  from  the  surrounding  orbital  fat. 

The  eyeball  is  not  quite  spherical,  being  composed  of  the  segments  of«  two 
spheres,  viz.  an  anterior,  transparent,  corneal  segment,  possessing  a  radius  of  7  or 
8  mm.,  and  a  posterior,  opaque,  scleral  segment,  with  a  radius  of  about  12  mm. 
(Fig.  558).     The  anterior  or  corneal  segment,  in  consequence  of  its  shorter  radius, 
projects  as  a  dome  in  front  of  the  scleral  portion,  the  union  of  the  two  parts 
being  indicated  externally  by  a  slight  groove,  the  sulcus  scleras     The  central 
points    of    the    anterior    and    posterior    curvatures    of   the    eyeball    constitute 
respectively  its  anterior  and  posterior  poles,  while  a  straight  line  joining  the  two 
poles  is  termed  its  sai^ttal  axis  (axis  optica).     The  axes  of  the  two  eyeballs  are 
almost  parallel,  diverging  only  slightly  in  front ;  but  the  axes  of  the  optic  nerves 
converge  behind,  and,  if  prolonged  backwards,  would  meet  in  the  region  of  the 
dorsum  sellae  of  the  sphenoid.     An  imaginary  line  encircling  the  globe  midway 
between  its  two  poles  is  named  its  equator,  and  meridional  lines  (meridiani)  may  be 
drawn  from  pole  to  pole  at  right  angles  to  the  equator.     Its  sagittal  and  transverse 
diameters  are  nearly  equal — about  24  mm.;  its  vertical  diameter  is  about  23*5  mni. 
All  three  diameters  are  rather  less  in  the  female  than  in  the  male,  but  the  size  of 
the  eyeball  is  fairly  constant  in  the  same  sex.     What  are  popularly  described  as 
large  eyes  owe  their  apparent  increase  in  size  to  a  greater  prominence  of  the  globe 
and  to  a  wider  fissure  between  the  eyelids. 
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At  birth  the  eyeball  is  nearly  spherical  and  has  a  diameter  of  about  17 '5  mm.  By 
the  age  of  puberty  this  has  increased  to  20  or  21  mm.,  after  which  it  rapidly  reaches  its 
adult  size. 

The  eyeball  (Fig.  558)  consists  of  three  concentric  tunics  or  coats,  contained 
within  which  are  three  transparent  refracting  media.  The  three  tunics  are  :  (1)  an 
outer  fibrous  coat,  the  sclero-cornea,  consisting  of  an  opaque  posterior  part,  the 
sclera,  and  a  transparent  anterior  portion,  the  cornea;  (2)  an  intermediate 
vascular,  pigmented,  and  partly  muscular  tunic,  the  tunica  vasculosa  oculi,  com- 
prising from  behind  forward  the  chorioid,  the  ciliary  body,  and  the  iris;  (3)  an 
internal  nervous  tunic,  the  retina.  The  three  refracting  media  are  named, 
from  before  backwards,  the  aaueous  humour,  the  crystalline  lens,  and  the  vitreous 
body. 

SCLERA. 

The  sclera,  sclerotic  coat,  or  white  of  the  eye,  is  a  firm,  opaque  membrane,  which 
forms  something  like  the  posterior  five-sixths  of  the  outer  tunic.  Thickest 
posteriorly  (about  1  mm.),  it  thins  at  the  equator  to  0*4  mm.-0'5  mm.,  and  again 
increases  to  0'6  mm.  near  the  sulcus  sclerae.  In  the  child  it  is  thinner  than  in  the 
adult,  and  presents  a  bluish  appearance,  caused  by  the  pigment  of  the  chorioid 
shining  through  it,  while  in  old  age  it  assumes  a  yellowish  tinge.  Its  outer  surface 
is  covered  by  a  layer  of  endotheUum  and  is  in  contact  with  the  capsule  of  Tenon — 
a  lymph  space,  the  suprasderal  lymphatic  space,  only  intervening.  In  front  of  the 
equator  it  is  roughened  by  the  attachment  of  the  tendons  of  the  ocular  muscles, 
while  its  anterior  part  is  covered  by  mucous  membrane,  the  conjunctiva.  Its  deep 
surface  presents  a  brownish  colour,  and  is  loosely  attached  to  the  chorioid,  except  at 
the  optic  entrance  and  in  the  neighbourhood  of  the  sulcus  sclerse.  It  is  pierced  behind 
by  the  optic  nerve,  the  entrance  for  which  is  funnel-shaped,  wide  behind  and  narrow 
in  front,  and  is  situated  1  nun.  below  and  3  mm.  to  the  nasal  side  of  the  posterior 
pole  of  the  eyeball.  The  fibrous  sheath  of  the  nerve  blends  with  the  outer  part  of 
the  sclera,  while  the  nerve  bundles  pass  through  a  series  of  orifices ;  this  perforated 
portion  is  named  the  lamina  ciibrosa  sclera.  Around  the  entrance  of  the  optic  nerve 
are  some  fifteen  or  twenty  small  apertures  for  the  passage  of  the  ciliary  nerves  and 
short  ciliary  arteries.  The  two  long  posterior  ciliary  arteries  pierce  it,  one  on 
either  side,  some  little  distance  from  the  optic  entrance ;  while  a  little  behind  the 
equator  are  four  openings,  two  above  and  two  below,  for  the  exit  of  veins,  called 
▼ens  TorticosflB.  Near  the  sulcus  sclerse  it  is  perforated  by  the  anterior  ciliary 
arteries.  Its  inner  surface  is  lined  by  flattened  endothelial  cells ;  and  between  it 
and  the  chorioid  is  an  extensive  lymph  space,  the  spatium  perichorioideale,  which 
is  traversed  by  the  ciliary  nerves  and  arteries  just  mentioned,  and  by  an  irregular 
meshwork  of  fine,  pigmented,  connective  tissue,  the  lamina  ftisca,  which  loosely 
attaches  the  sclera  to  the  chorioid.*  At  the  comeo-scleral  junction  the  fibrous 
tissue  of  the  sclera  passes  continuously  into  that  of  the  cornea,  and  in  the  deeper 
part  of  this  junction  there  is  a  circular  canal,  the  sinus  venosus  sclerse,  or  canal  of 
Schlemm,  which  communicates  externally  with  the  scleral  veins,  and  internally, 
through  numerous  small  openings,  with  the  anterior  chamber  of  the  eyeball. 

The  sclera  consists  of  bundles  of  white  fibrous  tissue,  together  with  some  fine 
elastic  fibres,  the  bundles  forming  equatorial  and  meridional  layers,  which  inter- 
lace with  each  other.  Numerous  spaces  containing  connective  tissue  cells  and 
migratory  ceUs  exist  between  the  fibres.  Pigmented  cells  are  plentiful  in  the 
lamina  fusca,  and  a  few  are  also  found  in  the  tissue  of  the  sclera,  near  the  optic 
entrance  and  in  the  region  of  the  corneo-scleral  junction.  The  sclera  receives 
its  blood-supply  from  the  short  posterior  ciliary  and  anterior  ciliary  arteries,  while 
its  veins  open  into  the  venae  vorticosse  and  anterior  ciliary  veins.  The  cell  spaces 
play  the  part  of  lymphatics,  and  communicate  with  the  perichorioidal  and  supra- 
scleral  lymph  spaces.  Its  nerves  are  derived  from  the  ciliary  nerves,  which,  after 
losing  their  medullary  sheath,  pass  between  the  fibrous  bundles ;  their  exact  mode 
of  ending  is  not  accurately  known. 
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CORNEA. 

The  cornea  forms  the  anterior  sixth  of  the  outer  tunic  and  is  transparent,  in 
order  to  admit  light  into  the  interior  of  the  eyeball ;  its  index  of  refraction  is 
from  1  '33  to  1-35.  Its  anterior  surface  (facies  anterior)  is  covered  by  a  stratified 
epithelium,  continuous  with  that  which  lines  the  conjunctiva  ;  its  posterior  surface 
(facies  posterior)  is  directed  towards  the  anterior  chamber  of  the  eyeball  and  is  in 
contact  with  the  aqueous  humour.  Its  degree  of  curvature  varies  in  different 
individuals ;  it  is  always  greater  in  youth  than  in  old  age,  and  is,  as  a  rule,  slightly 
greater  in  the  vertical  than  in  the  horizontal  plane.  It  diminishes  also  from  its 
centre  to  its  periphery,  and  is  less  on  the  nasal  than  on  the  temporal  side  of  the 
anterior  pole.     The  anterior  surface  of  the  cornea  is  almost,  but  not  quite,  circular, 

measuring    11    mm.   vertically 

fj  \Stratifted 
epithelium 


y' Anterior 
elastic 
lamina 


Substantia 
propria,  in 
which  the 
corneal  cor- 
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'aeen  to  be 
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Fio.  559. — Vertical  Section  of  Cornea  (magnified). 


and  11*9  mm.  transversely ,  while 
its  posterior  surface  is  circular 
and  has  a  diameter  of  13  mm. 
Its  periphery  is  overlapped  by 
the  tissue  of  the  sclera  as  the 
glass  of  a  watch  is  overlapped 
by  the  metal  rim,  with,  however, 
this  essential  difference,  that  the 
tissue  of  the  cornea  is  directly 
continuous  with  that  of  the 
sclera. 

The  cornea  consists,  from 
before  backwards,  of  the  follow- 
ing strata,  viz,  (Fig.  559) : — 

1.  A  layer  of  stratified  epi- 

thelium. 

2.  An  anterior  elastic  lamina. 

3.  The  substantia  propria. 

4.  A  posterior  elastic  lamina. 

5.  A  layer  of  endothelium. 

1.  The  layer  of  stratified  epi- 
thelium (epithelium  corneae)  is 
continuous    with     that    which 


covers  the  free  surface  of  the  conjunctiva  and  consists  of  six  or  eight  strata 
of  nucleated  cells.  Deepest  of  all  is  a  single  layer  of  perpendicularly  arranged 
columnar  cells,  the  flattened  and  often-expanded  bases  of  which  rest  on  the  anterior 
elastic  lamina,  while  their  opposite  ends  are  rounded  and  contain  the  nuclei 
Superficial  to  this  layer  are  three  or  four  strata  of  nucleated,  polygonal  cells,  the 
majority  of  which  exhibit  finger-like  processes  which  join  with  the  corresponding 
processes  of  neighbouring  cells.  The  more  superficial  layers  assume  the  form  of 
nucleated  squames.  The  entire  thickness  of  this  stratified  epithelium  is  about  45  /i 
at  the  centre  and  about  80  /a  at  the  periphery  of  the  cornea. 

2.  The '  anterior  elastic  lamina  (lamina  elastica  anterior,  Bowmani)  is  from 
19-20  ft  thick,  and  may  be  regarded  merely  as  a  differentiation  of  the  outer  part  of 
the  substantia  propria  from  which  it  is  with  difficulty  separated.  It  is  not  stained 
yellow  by  picrocarmine,  thus  differing  from  true  elastic  tissue,  and  its  degree  of 
development  varies  in  different  animals. 

3.  The  substantia  propria  presents,  in  a  fresh  condition,  a  homogeneous  appear- 
ance ;  but,  with  the  assistance  of  reagents,  it  is  seen  to  consist  of  modified  con- 
nective tissue,  with  some  few  elastic  fibres.  An  amorphous  interstitial  substance 
binds  the  fibres  into  bundles,  and,  in  turn,  cements  the  bundles  into  lamellae,  which 
are  directly  continuous  with  the  fibrous  tissue  of  the  sclera.  The  fibres  of  any 
one  lamella  cross  those  of  adjacent  lamella  almost  at  right  angles,  while  the 
superimposed  lamellae  are  joined  by  sutural  fibres  and  by  amorphous  substance. 
Between  the  lamellae  are  found  the  cell  spaces  or  lacnne  of  the  cornea — irr^u- 
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larly  stellate  in  shape,  aod  communicatiDg  freely  with  each  other  by  means  of  fine 
caaaljculi.  The  corneal  cells  or  corpiiBcles  are  contained  in  these  laciinee,  without, 
however,  completely  lilting  them,  the  remainder  of  the  cavities  being  occupied  by 
lymph.  These  cells  are  nucleated,  flattened,  and  star-like,  and  tlieir  branched  pro- 
ceseee  join  those  of  neighbouring  cells  in  the  canaliculi.  Migratory  or  lymph  cells 
are  also  found  in  cell  spaces. 

In  old  age  a  gnijiah  opaque  ring,  H  to  2  mm.  in  breadtli,  ie  frpquentlj  seen  near  the  peri- 
pheiy  of  the  corni^a  ;  it  is  termed  th<^  ftfcni  laniUl,  and  results  from  a  deposit  of  fat  granules  in 
the  lamella;  and  corneal  corpuscles. 

4.  The  poBt«rioT  elastic  lamina  (lamina  elastica  posterior,  Demourai,  Descemeti) 
is  ft  clear,  structureless  membrane,  covering  the  posterior  aspect  of  the  substantia 
propria  and  possessing  a  thickness  of  6-8  ^  at  the  centre  and  10-12  ft  at  the  peri- 
phery of  the  cornea.  I>esfl  firmly  attached  than  the  anterior  elastic  lamina,  it  may 
be  stripped  off,  when  it  will  be  found  to  roll  up  with  its  attached  surface  inwards. 
Between  the  ages  of  twenty  and  thirty  small  wart-like  projections  appear  on  its  deep 
surface,  near  its  periphery,  and  these  increase  in  size  and  number  as  years  advance, 
so  that  in  old  age  the  membrane  may  attain  a  thickness  of  20  ^.  Towards  the 
periphery  of  the  cornea  the  lamina  divides  into  three  sets  of  fibres — anterior, 
middle,  and  posterior.  The  anterior  fibres  pass  behind  the  canal  of  Schlemni  into 
the  sclera,  the  middle  give  attachment  to  the  ciliary  muscle,  while  the  posterior  are 
continued  as  radiating  and  anastomosing  fibres  into  the  substance  of  the  iris,  and 
constitute  the  Ugamentnm  pectinatsm  iridiB.  A  number  of  irregular  spaces,  the 
spaces  of  Fontana,  or  spatia  anguli  iridis,  exist  between  the  fibres  of  this  pectinate 
ligament.  Better  developed  in  the  horse  and  ox  than  in  man,  these  spaces  are 
lined  hya  prolongation  of  the  corneal  endothelium,  and  communicate  internally 
with  the  anterior  chamber  and  the  lymph  spaces  of  the  iria,  and  externally  with 
the  canal  of  Schlemm. 

5.  The  layer  of  endothdlinm  (endothelium  camera  anterioris)  consists  of  a  single 
stratum  of  nucleated,  flattened,  polygonal  cells,  which  present  a  fibrillar  structure 
and  are  continued  as  a  lining  to  the  spaces  of  Fontana ;  this  layer  of  endothelium 
is  also  reflected  on  to  the  anterior  surface  of  the  iris. 

Vascnlar  and  Hervons  Bnpplyof  thoOomea. — In  the  ftctus  the  cornea  is  traversed,  almost 
as  far  as  itn  centre,  by  capillaries  ;  but  in  the  adult  it  is  devoid  of  blood-vessela,  eicept  near  its 
margin.  The  capillaries  of  the  conjunctiva  and  .-clera  pass  into  this  mai^nal  area  for  a  distance 
of  about  1  mm.,  where  they  terminate  in  loops.  All  the  remainder  of  the  cornea  is  nourished  by 
llie  lymph  which  circulates  in  its  cell  spaces  and  canaliculi. 

"The  nerves  of  the  coniea,  discovered  by  Schlemm,  are  derived  from  the  ciliary  nerves. 
Around  its  periphery  they  form  a  plexus,  the"  pleius  annularis,  from  which  fibres  pass  into  the 
oomea,  where,  after  a  dislani*  of  1  or  2  mm.,  they  lose  their  medullary  sheaths  and  ramify  in  the 
substantia  propria,  foruiing  what  is  termed  the  fundamental  or  stroma  plexus.  Perforating  fibres 
(fibriE  perforantea)  extend  from  this  plejtus  through  the  anterior  elastic  lamina  and  form  a  sub- 
epithelial plexus,  from  which  fine  filaments  ramify  between  the  epithelial  cells  as  far  as  tlie  super- 
ficial layers.  From  the  an-  MembmiiB  of  Brach 
nukr  and  stroma  pie  i  uses  « 
fibrils  pass  to  the  substantia 

propria  and  come  into  close  ""' 

relation     with     the     corneal  t, 

corpuscles.  oi 

VASCULAR     AND     PIG-  °" 

MENTED  TUNIC. 

The  middle,  vascular,  idn 

and  pigmented  tunic 
(tunica  vasculosa  oculi) 
comprises,  from  behind 
forwards,  the  chorioid, 
the  ciliary  body,  and  the 
iris  (Fig.  558). 

The  chorioid  (chorioidea)  intervenes  between  the  sclera  and  the  retina,  reaching 
as  far  forwards  as  the  ora  serrata  of  the  latter  (p.  731).     Dark  brown  or  black  in 
colour,  it  is  pierced  posteriorly  by  the  optic  nerve,  and  is  here  firmly  attached 
50  <i 
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to  the  sclera.  Thicker  behind  than  in  front,  its  outer  surface  is  floccnlent  aod 
is  connected  to  the  solera  hy  the  ciliary  vessels  and  nerves,  and  by  the  loose  lamina 
fusca.  Its  inner  surface  is  smooth  and  adheres  to  the  outermost  or  pigmented 
layer  of  tlie  retina. 

The  chorioid  consists  of  blood-vessels  and  branched  pigment  cells  embedded  in 
a  loose  connective  tissue,  and  presents  from  without  inwards  three  layers,  viz. : 
(a)  the  lamina  suprachorioidea ;  (6)  the  proper  tissue  of  the  chorioid ;  and  (c)  a 
thin  transparent  membrane,  the  lamina  baaalis  or  membrane  of  Bruch  (Fig.  5fi0). 

1.  The  lamina  sapra-chorioidea  resembles  the  lamina  fusca  of  the  sclera,  and 
consists  of  a  series  of  fine  non-vascular  lamellie,  eeich  contaiuiag  a  delicate  network 

of  elastic  fibres, 
amongst  which  are 
steUat«,  pigmented 
cells,  bother  with 
amoeboid  cells.  The 
spaces  between  the 
laminae  are  lined  with 
endotheUum,  and  to- 
^^  gether  form  the 
spatium  perichorio- 
ideale,  already  referred 
to  (p.  725). 

The  proper  tianu  of 
the  chorioid  consists  of 
blood-vessels  and 
numerous  pigmented 
cells,  supported  by 
connective  tissue  and 
elastic  fibres,  together 
with  some  smooth 
muscular  fibres.  Ite 
'"  outer  part  contains  the 
larger  blood  -  vessels, 
and  is  named  the 
lamina  Tascaloea,  while 
its  inner  portion  is 
composed  of  a  network 
of  fine  capillariee, 
and  is  termed  the 
,  lamina  cboriocapillaiis; 
.  these  two  laminae  are 

joined  by  a  thin  intar- 
modiate  atntain.  The 
arteries  of  the  chorioid 
are  derived  from  the 
abort  posterior  ciliarj' 
,,  .    ,  vessels,   which    pierce 

F.a.  fi6I.-D.A«»»K  OF  TH.  CIRCCLATION  .„  Tfls  Et.  (Ltber).  ^^^  ^j^^^  ^^^^^    ^^^ 

optic  entrance  and  form  a  wide-meshed  plexus  in  the  lamina  vasculosa.  Their 
circular  muscular  coat  is  well  developed,  and  longitudinal  muscular  fibres  are  also 
present  in  the  larger  branches.  The  veins,  destitute  of  muscular  tissue,  are  super- 
ficial to  the  arteries;  they  are  surrounded  by  peri  -  vascular  lymphatic  sheaths 
and  converge  to  form  whorle,  which  open  into  the  venae  vorticoste.  In  the 
tissue  between  the  blood-vessels  are  numerous  stellate,  flattened,  and  pigmented 
cellfl. 

The  Hwlnfh  cborio-caplllaris,  or  membrane  of  Ruysch,  is  composed  essentially  of 
small  eajiillaries,  which  form  an  exceedingly  close  network,  embedded  in  a  finely 
granular  or  almost  homogeneous  tissue.  The  intermediate  stratum  between  the 
malioa  vasculosa  and  lamina  chorio-capillaris  consists  of  a  network  of  delicate 
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elastic  fibres  and  contains  almost  no  pigment  cells;  it  is  lined  nest  the  lamina 
chorio-capillaris  by  a  continuous  layer  of  endothelium. 

The  lamina  basalis,  oi  membrane  of  Bnich,  is  transparent  and  nearly  structure- 
less. Its  outer  surface  presents  a  trelUs-like  network  of  tibres  which  unite  it  to 
the  membrane  of  Ruysch,  while  its  iuner  surface  is  smooth  and  is  in  contact  with 
the  pigmented  layer  of  the  retina. 

Tapetnm. — In  many  aniDiale  a  brilliant  iridescent  appearance  ia  seen  on  the  poet«TO -externa) 
part  of  the  chorioid  to  which  the  name  tapetnm  ie  applied.  Absent  in  man,  it  nia^  be  due,  as 
m  the  horse,  to  a  markedly  fibrous  condition  of  the  frtratiim  intermediiiin  {lapetum  fibroBum),  or 
as  itt  tlie  seal,  to  the  presence  of  some  five  or  six  layers  of  flattened  iridescent  cells  lying  irame- 
dtately  outside  the  lamina  chorio-capillaris  (tapetiim  celluloeuin). 

Tlie  ciliary  hody  (corpus  ciliare)  connects  the  chorioid  tu  the  circumference  of 
the  iris  (Fig.  562),  and 
presents  the  following 
three  zones,  viz. :  (a)  the 
orbiculus  ciliaris,  (J)  the 
ciliary  processes,  and  (c) 
the  ciliary  muscle. 

The  orbicolus  ciliaris     ah 
forms  a   zone   of  about 
4    mm.    in    width    im-    ^^^ 
mediately  adjoining  the    gp, 
chorioid,     and     exhibits 
numerous      radially- 
arranged  ridges. 

Tlie  ciliiu7  processas 
(processus  ciliares),  about 
seventy  in  number,  form 
a  circle  of  radial  thicken- 
ings, each  of  a  somewhat 
triangular  shape.  The 
base  of  the  triangle  is  di- 
rected forwards  towards 
the  equator  of  the  lens, 
while  the  a[>ex  is  con- 
tinuous behind  with  some 
three  or  four  ridges  of  the  ^' 
orbiculus  ciliaris.  They 
vary  in  size,  the  largest 
having  a  length  of 
2-5  mm.  The  structure  of 
the  orbiculus  ciliaris  and 
ciliary  processes  is  similar 
to  that  of  the  chorioid, 
but   the    capillaries   are 

lai^r  and  more  tortuous,  p,a.  662.— Skchon  TKBounK  Cilt4Bv  Region  op  Eyeball. 

and  there  is  no  lamina 

chorio-capillaris.  The  deep  aspect  of  the  ciliary  processes  is  covered  by  two  strata 
of  columnar  epithelium,  the  anterior  layer  of  wliit-h  is  pigiuented ;  these  two  strata 
form  a  direct  continuation  forwards  of  the  retina  and  constitute  the  pars  clliajis 
retiiue.  This  epithelium  is  iuvaginated  to  form  more  or  less  tubular  glands,  which 
may  take  a  share  in  tlie  secretion  of  the  aqueous  humour. 

Tho  ciliarr  muscle  (m.  ciliaris)  is  triangular  on  a u tero  -  posterior  section,  and 
consists  of  two  sets  of  fibres — radial  and  circular  (Fig.  562).  The  radial  fibres 
(fibrse  meridionales,  Briickei)  spring  from  the  corneo-scleral  junction  behind  the 
canal  of  Schlemm  and  from  the  ligamentum  pectinatum  iridis,  and  radiate  back- 
wards, to  be  attached  to  the  ciliary  processes  and  orbiculus  ciliaris.  When  they 
contract  the  chorioid  is  drawn  forwards  and  the  lens  l>ecomes  more  convex,  owing 
to  the  relaxation  of  its  suspensory  ligament  (see  p.  736).     The  circular  fibres  (fibrfe 
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circiilares,  Miilleri)  form  a  triangular  zone  behind  the  ligamentum  pectinatuni 
iridia,  close  to  the  periphery  of  the  iris,  and  also  extend  backwards  under  the  radial 
fibres.  Considerable  individual  differences  are  found  as  to  the  degree  of  develop- 
ment of  these  two  portions  of  the  ciliary  muscle.  The  radial  fibres  are  always  more 
numerous  than  the  circular  fibres,  the  latter  being  absent  or  rudimentary  in  myopic 
eyes,  but  well  developed,  as  a  rule,  in  hypermetropic  eyes. 

The  iris  forms  a  coutractile  diaphragm  in  front  of  the  lens,  and  is  pierced  a 
little  to  the  nasal  side  of  its  centre  by  an  almost  circular  aperture,  the  pspil 
(pupilla),  which,  during  life,  is  continually  varying  in  size  in  order  to  regulate 
the  amount  of  light  admitted  into  the  interior  of  the  globe.  It  divides  the  space 
between  the  cornea  and  lens  into  two  parts,  which  are  filled  by  the  aqueous  humour, 
and  named  respectively  the  anterior  and  posterior  chambers  of  the  eyeball.  Its 
peripheral  border,  or  mai^o  ciliaris,  is  directly  continuous  with  the  ciliary  body,  and, 
through  the  medium  of  the  ligamentum  pectinatum  iridis,  with  the  posterior  elastic 
lamina  of  the  cornea.  Its  free  edge,  or  margo  pnpillaiis,  forms  the  circumference  of 
the  pupil,  and  rests  upon,  but  is  not  attached  to  the  anterior  surface  of  the  capsule 
of  the  lens. 

The  distinctive  colour  of  the  eye,  in  different  individuals,  depends  on  the  arrungemeiit 
of  the  pigment  in  the  iria ;  in  the  blue  eye  this  is  limited  to  the  posterior  surface  of  the 
iris,  but  in  the  brown  or  black  eye  it  is  also  scattered  throughout  itaatronia.  In  the  jilbiiin 
the  pigment  is  entirely  absent,  and  the  red  appearance  of  the  eye  in  such  a  case  is  pro- 
duced by  the  network  of  blood-vesaela  in  the  iria. 

The  pupil  is  closed,  during  the  greater  part  of  foetal  life,  by  a  thin  transparent 
vascular  membmne,  the  membrana  pnpillaiis,  continuous  with  the  pupillary  margin  of 
the  iris.  Its  vessels,  derived  partly  from  the  vessels  of  the  iris  and  partly  from  those  of 
the  capsule  of  the  lena,  converge  towards  the  middle  of  the  membrane,  near  which  the; 
form  loops  so  as  to  leave  the  central  part  non-vaHcular.  About  the  seventh  month  the 
vessels  begin  to  be  obliterated  from  the  centre  towards  the  circumference,  and  this  is 
followed  by  a  thinning  and  absorption  of  the  membrane,  which  becomes  perforated  by  the 
aperture  of  the  pupil.  This  perforation  gradiiatly  enlarges,  and  at  birth  the  membraae 
has  entirely  disappeared,  although  in  exceptional  cases  it  persists. 

On  the  anterior  surface  (facies  anterior)  of  the  iris  is  a  layer  of  flattened 

endothelium,    placed    on    a 

Anterior  cLiiiry  giMriM  basement     membrane,    and 

continuous  with  that  which 

lines  the  spaces  of  Fontana 

and  covers  the  back  of  the 

cornea.  Depressionsorcrypts 

are  here  and  there  seen  in 

which  the  endothelium  and 

basement  membrane  arc  ab* 

'      sent,  and  are,  by  some,  re- 

I  garded  as  stomata,  throuzh 

■r  III,    which  the  lymphatics  of  the 

iris  communicate  with  the 
i"»  cavity  of  the  anterior  cham- 
ber. Its  posterior  surface 
(facies  posterior)  is  co\T?red 
by  a  basement  membrane,  on 
which  are  placed  two  layera 
of  columnar,  pigmented  epi- 
,  thelium,continuoun  with  the 

,^.j/,^„.^^..  pars     citiaris     retina?     and 

termed  the  pars  iridic*  retiiuB. 
The  proper  tissue  of  the  iri«, 
or  stroma  iiidia,  consists  of 
delicate  connective  tissue  and  elastic  fibres,  with  pigmented  cells,  blood-vesseL". 
nerves,  and  n  on -striped  muscle. 

The  blood-veeeeb  of  the  iris  (Fig.  563)  are  derived  from  the  long  and  anterior 
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ciliary  arteries.  The  long  ciliary  arteries,  two  in  number,  pierce  the  sclera  on  the 
inner  and  outer  side  of  the  optic  nerve  respectively,  and  extend  forwards  between 
the  sclera  and  chorioid  towards  the  ciliary  margin  of  the  iris.  Here  each  divides 
into  an  upper  and  a  lower  branch,  and  the  resulting  four  branches  anastomose  in 
the  form  of  a  circle,  termed  the  drcnlus  arteriosus  major.  This  circle  is  joined  by  a 
varying  number  of  anterior  ciliary  arteries  derived  from  the  lachrymal  and 
muscular  branches  of  the  ophthalmic  artery,  and,  after  supplying  the  ciliary 
muscle,  sends  converging  branches  inwards  towards  the  aperture  of  the  pupil, 
around  which  a  second  circle,  the  circulus  arteriosuB  minor,  is  formed.  The  veins 
proceed  towards  its  ciliary  margin,  and  communicate  with  the  veins  of  the  ciliary 
processes  and  with  the  canal  of  Schleinm.  The  convergence  of  the  blood- vesseLs 
towards  the  aperture  of  the  pupil  gives  to  the  anterior  surface  of  the  iris  a  striated 
appearance. 

The  non-striped  muscular  fibres  are  arranged  in  two  sets :  (a)  circular,  (b)  radial. 
The  circular  fibres  form  a  band  around  the  pupillary  aperture,  by  the  contraction  of 
which  its  size  is  lessened,  and  hence  it  is  termed  the  m.  sphincter  papillae.  The 
radial  fibres  extend  outwards  from  the  sphincter  to  the  ciliary  margin  and  constitute 
the  m.  dilatator  pupills.  Many  anatomists  regard  the  radial  fibres,  in  man  and 
most  mammals,  as  being  elastic  and  not  muscular.  In  animals,  where  the  radial 
fibres  are  muscular,  the  degree  of  their  development  varies  considerably ;  they  are 
feebly  marked  in  the  rabbit,  but  well  developed  in  the  bird,  and  still  more  so  in  the 
otter. 

The  nerres  of  the  chorioid  and  iris  are  derived  from  the  long  and  short 
ciliary  nervea  The  former,  two  or  three  in  number,  are  branches  of  the  nasal 
nerve ;  the  latter,  varying  from  eight  to  fourteen,  are  derived  from  the  ciliary 
ganglion.  Piercing  the  sclera  around  the  optic  entrance  the  nerves  traverse  the 
perichorioidal  lymph  space,  where  they  form  a  plexus,  rich  in  nerve-cells,  from  which 
filaments  are  supplied  to  the  blood-vessels  of  the  chorioid.  In  front  of  the  ciliary 
muscle  a  second  plexus,  also  rich  in  nerve-cells,  is  formed,  which  supplies  the  muscle 
itself,  and  sends  filaments  into  the  iris  as  far  as  its  pupillary  margin,  for  the  supply 
of  its  muscular  fibres  and  blood-vessels.  The  sphincter  pupillse  is  supplied  by  the 
third  cranial  nerve,  whilst  filaments  from  the  sympathetic  are  distributed  to  the 
dilatator  pupillse. 

THE  RETINA. 

The  retina,  or  nervous  tunic  of  the  eyeball,  is  a  soft,  delicate  membrane,  in  which 
the  fibres  of  the  optic  nerve  are  spread  out.  It  consists  of  two  strata,  viz. :  (a)  an 
outer,  pigmented  layer  (stratum  pigmenti),  attached  to  the  chorioid ;  and  (6)  an 
inner  nervous  lamina,  the  retina  proper,  in  contact  with  the  hyaloid  membrane  of 
the  vitreous  body,  but  only  attached  to  it  at  the  optic  entrance  and  in  the  region 
of  the  ciliary  processes.  Expanding  from  the  entrance  of  the  optic  nerve  the 
retina  appears  to  end,  a  short  distance  behind  the  ciliary  body,  in  a  wavy  border, 
the  era  serrata.  Here  its  nervous  elements  cease  and  the  membrane  becomes 
suddenly  thinned,  but  a  delicate  continuation  of  it  is  prolonged  over  the  posterior 
aspect  of  the  ciliary  body  and  iris.  This  continuation  consists  of  the  stratum  pig- 
menti, together  with  a  layer  of  columnar  epithelium,  and  constitutes  the  pars  ciliaris 
retina  and  pars  iridica  retina  already  referred  to  (pp.  729  and  730).  The  portion 
behind  the  ora  serrata  is  termed  the  "  physiological  retina,"  or  pars  optica  retina, 
and  its  thickness  gradually  diminishes  from  0*4  mm.,  near  the  optic  entrance,  to 
0*1  mm.  at  the  ora  serrata.  Viewed  from  the  front  it  presents,  at  the  posterior 
pole  of  the  eyeball,  and  therefore  directly  in  the  axis  of  the  globe,  a  small  yellowish 
spot,  the  macula  lutea.  Somewhat  oval  in  shape,  the  greatest  or  transverse 
diameter  of  the  macula  measures  from  2-3  mm. ;  its  central  part  is  depressed  and 
named  the  fovea  centralis.  About  3  mm.  to  the  neisal  side  of  the  posterior  pole 
and  about  1  mm.  below  its  level  is  a  whitish,  circular  disc,  the  optic  disc,  or  porus 
opticus,  which  corresponds  with  the  entrance  of  the  optic  nerve  and  has  a  diameter 
of  about  1*5  nmi.  The  circumference  of  the  optic  disc  is  slightly  raised  and  is 
named  the  coUicnlus  nervi  optici,  while  its  depressed  central  portion  is  termed  the 
optic  cup,  or  excavatio  papillae  nervi  optici.    The  optic  disc  consists  merely  of  nerve- 
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fibres,  the  other  layers  of  the  retina  being  abaent,  and  constitulds  the  "  blind  spot" 
of  phy Biologists. 

The  nervous  layer  of  the  retina  la  transparent  daring  life,  but  becomes  opaque 
and  of  a  grayish  colour  soon  after  death.  If  an  animal  be  kept  in  the  dark  before 
the  removal  of  its  eyeball,  the  retina  presents  a  purple  tinge,  due  to  the  presence  of 
a  colouring  matter  named  rbodopBin  or  viBo&l  pnrple,  which,  however,  beCumes 
rapidly  bleached  on  exposure  to  sunlight.  This  colouring  matter  is  ab«ent  from 
the  macul:t  lutea,  and  also  over  a  narrow  zone,  3-4  mm.  in  width,  near  the  ora 
serrata. 

Structure  of  the  Retina  (Figs.  564,  565,  566).— The  nervous  elomeuts  of  the 
retina  are  supported  by  nou-nervouH  or  BUBtentacoIar  fibres,  and  are  arranged  in  seven 
layern,  to  which  miist  be  added  the  stratum  pigmenti. 

Our  conception  of  the  minute  structure  of  the  retina,  as  of  all  uervoua  tissues,  has  of 
late  years  bceu  greatly  advanced  by  the  discoveries  of  Ruraon  y  Csjal,  on  whose  observa- 
tions the  following  description  is  based  (Fig.  565)  :— 

The  layers  from  within  outwards,  i.e.  from  vitreous  body  to  chorioid,  are  : 

1.  Layer  of  nerve-libres  (stratum  opticum). 

2.  Layer  of  nerve-ceils  (ganglionic  layer). 

3.  Inner  molecular  or  inner  pleiiform  layer. 

4.  Inner  nuclear  layer  or  layer  of  inner  granules. 

5.  Outer  molecular  or  outer  piexiform  layer. 

6.  Outer  nuclear  layer  or  layer  of  outer  granules. 

7.  Layer  of  rods  and  cones  (bacillary  layer). 

8.  Layer  of  pigmented  epithelium  (stratum  pigmenti). 

1.  Layer  of  nerve-fibres  or  stratum  opticum. — The  fibres  of  this  stratum  art 

nearly  all  centripetal,  and  are  mostly  continnutious  of  the  nou-niedullated  axons  of  tlie 

cells  in  the  ganglionic  layer.     Sonte,  however,  are 

sirttnni       centrifugal  and  end  in  brani,-hed  clubbed  eitrcmitira 

*■  in  the  inner  molecular  or  inner  nuclear  layers. 

L.wrof  ^-  Ganglionicornerve-celllajrer. — Thecells 

rocf«  und       of  this  stratum  vary  in  size,  are  oval  or  pyriform  iti 

™^  shape,  and  form  a  single  layer,  e:(cept  at  the  macula 

bnna  lutea,  where  several  strata  are  present.      Each  cell 

iiiiien>»'        contains  a    large   nucleus,   and    gives  off,    from   its 

inner  aspect,  au  axon  which  is  continued  as  a  fibre 

imciptr        of  the  nerve-fibre  layer.     From  the  outer   surface 

^^'''  of  each  cell  numerous  dendrites  arise,  which  form 

arborisations  in  the  inner  molecular  layer.     ThccelU 

may  be  divided  into  unistratified,  multistratifieii,  aud 

OuMr  diffuse,  according  as  their  dendrites  ramify  in  one 

inoiecuiu     qj  jn  several  strata  of  the  inner  molecular  layer,  or 

extend  throughout  nearly  its  whole  thickness. 
in„^r  3.  Innermolecularorinnerplexiformlayer. 

niiciMr        — This  is  chiefly  constituted  by  the  interlacement  of 
*"  the  dendritic  arborisations  of  the  cells  of  the  gan- 

iDiior  glionic  layer  with  those  of  the  inner  nuclear  layer, 

Zfw"'  '     and  has  been  divided  by  Kamon  y  Cajal  into  five 
strata,     it   sometimes  contains  horizontal  cells  or 
ooic^"         spongioblasts,  whose  branched  processes  ramify  in  iL 
tarer  4.  Inner  nuclear  layer  or  layer  of  inner 

stratum       granules.^Thia    is  the  most  complicated  of  the 
ojiiicum       retinal  strata,  and  cousists  of  numerous  cells  wliicii 

„     ,^ „  , ,_. may  be  divided  into  three  groups,  viz. :  (a)  bipolar 

cells,    (b)    horizontal    cells,    and   (c)   spongioblasts. 
or  amacriiie  cells. 

(a)  The  bipolar  cells,  by  far  the  most  numerous 
are  fusiform  and  nucleated,  and  each  gives  off  an  external  and  an  iut«mal  process.  The 
internal  processes  terminate  in  flattened  tufts  at  different  levels  in  the  iuner  molecular 
layer,  while  the  external  produce  an  abundant  ramification  in  the  external  lone  of  the 
outer  molecular  layer.  These  bipolar  cells  are  divided  into  rod  bipolare,  cone  bipolarv. 
and  giant  bipolars.  The  rod  bipolan  end  peripherally  in  vertical  arborisations  around  the 
button-like  ends  or  spherules  of  the  rod  fibres,  and,  centrally,  in  branched  eitremitim 
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which  mostly  become  applied  to  the  cells  of  the  ganglionic  layer.     The  coae  Upolan 

end  peripherally  in  flattened  arborisatioiiB  in  the  outer  molecular  layer  in  contact  with 


iiy,  an 

1 


Fid.  565. — pBRFKNIllCULiR  SkCTIOKS  OF  MaHIULIAN  RiTINA  (C^bI). 
Ai  I*rer  of  rods  and  conss  ;  B,  Outer  nuclear  layer  ;  C,  Out«r  molecnlw  layer  ;  D,  Inner  nuclear  layer  ;  E. 
Inner  molecular  layer  ;  F,  Oanglionic  layer  ;  G,  Stratum  optimum  ;  r,  roils  ;  c,  cones,  r.g,  rod  gnmulea  : 
t^g,  cone  grannies;  r.b,  rod  bipolara ;  cb,  cone  hipolara  ;  c.r,  contact  of  rod  bipolara  with  the 
spherules  of  tbe  rod  fibres  ;  e.c,  contact  of  cone  bipolam  with  the  branches  of  the  cone  fibres  ;  or, 
internal  arboriution  of  cone  bipolar?  ;  ar',  intenisl  arboriaatton  of  rod  bjpolan ;  e.n,  centrifugal  nerre 
fibre;  A,  horiiontal  cells;  i.i,  stratified  spongioblaats  ;  d.t,  diffuse  spodgioblasU ;  t.g,  stratified 
gMiglioD  cell ;  H,  Sustcntacular  tlbre  of  HuUer. 

the  ramiticatLona  of  the  footrplates  of  the  cone  fibres,  and,  centrally,  ramify  in  Bome  one  of 
the  five  strata  of  the  inner  molecular  layer.     The  giant  bipolars  form,  peripherally,  ( 
extensive  horizontally  arranged  arborisation  in  the  outer  mole- 
cular layer ;  centrally,  they  ramify  in  one  or  other  of  the  strata 
of  the  inner  molecular  layer. 

(b)  Tbe  horizontal  cells  are  of  two  varieties:  (1)  small, 
flattened,  etar-like  cells,  lying  immediately  below  the  outer 
molecular  layer,  and  sending  a  tuft  of  dendrites  outwards 
tonards  the  bases  of  the  cone  fibres,  while  their  axons  are 
directed  horizontally  for  a  variable  distance ;  (2)  lai^e,  irregular 
cells,  lying  internal  to  the  above  and  ending  in  finger-like 
ramifications  in  the  outer  molecular  layer.  Their  axons  run 
horizontally  for  some  distance,  and  end  in  extensive  varicose 
arborisations  under  the  spherules  of  tbe  rod  fibres. 

(c)  The  spongioblaatfl  are  situated  in  the  innermost  part 
of  the  inner  granular  layer  and  have  not  yet  been  shown  to 
possess  axons.  Their  dendrites  ramify  in  the  inner  molecular 
layer,  it  may  be  in  one  stratum  (stratified  spongioblasts)  or 
in  several  strata  (diffuse  spongioblasts). 

5.  Outer  molecular  or  outer  plexiform  lasrer. — 
This  is  constituted  by  the  interlacement  of  the  dendrites  of 
the  bipolar  and  horizontal  cells,  just  described,  with  the 
spherules  of  the  rod  fibres  and  the  ramifications  of  the  foot- 
plates of  the  cone  fibres.  It  is  divided  into  two  strata :  (a) 
external,  indicating  the  contact  of  the  rod  bipolars  with  the 
spherules  of  the  rod  fibres;  {b)  intental,  the  line  of  contact 
between  the  cone  bipolars  and  the  branches  of  the  cone  fibres. 

6.  Outer  nuclear  layer  or  layer  of  outer  granules. — 
This  is  made  up  of  clear  granules  somewhat  resembling  those 

of  the  inner  nuclear  layer,  and  are  divisible  into  two  kinds  ;  (a)  " 

cone  granules,  (t)  rod  granules.     The  cone  grannies  are  the  I'm.  S6B. 

larger,  and  each  contains  an  oval  nucleus  ;  they  lie  immediately   a,  Acontand  two  rods  from  the 

inside  the  outer  limiting  membrane,  through  which  they  are        human  retina {modiflwUhMn 

continuous  with  the  cones  of  the  next  layer.     Each  Is  prolonged        "'^  ot'',!^!'  a^ted'^Ito 

internally  as  a  straight  fibre,  which,  on  reaching  the  outer  mole-        ^^^^  aepara 

cular  layer,  expands  to  form  a  foot-plate,  from  which  several 

horizontal    fibrils   are    given  off.     The   rod   granules  are  far  more   numerous  than  the 

cone   granules,  and  each  contains  a  small  oval  nucleus,  which  is  transversely  striated. 
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Their  outer  proceeses  are  contiououB,  through  the  outer  limiting  membroiie,  with  the 
roda  of  the  ueit  layer,  wliile  their  inner  proceasea  pasa  into  the  outer  molecular  layer 
and  end  in  free,  iiiibranclied  splienilea  amonget  the  arborisatioDs  of  the  rod  bipolara. 

7.  Layer  of  rods  and  cones. — This  consiBts  of  two  seta  of  etructurea,  tiz.  roda 
and  cones.  Eicept  at  the  macula  lutea  the  roda  are  far  more  numerous  tlian  the  con« 
and  assume  the  form  of  elongated  cylinders,  while  the  cones  are  shorter  than  the  rods 
and  taper  eitemally  to  fine  points.     Each  rod  and  cone  conaiats  of  two  aegments — inner 

and  outer.  The  inner  segment  of  the  rod  only  slightlr  exceeds  iu 
diameter  its  outer  segment,  whereas 
the  inner  aegment  of  the  cone  greatly 
exceeds  its  outer  part.  The  inner 
segments  of  both  rods  and  cones  have 
an  affinity  for  ataining  reagents,  and 
conaist  of  a  baaal  homogeneoua  portion 
and  an  outer  longitudinally  striated 
-part,  the  proportion  of  the  latter  to 
the  former  being  greater  in  the  conea 
than  in  the  rods.  The  outer  aeg- 
menta  have  not  the  same  atfinitj  for 

MAN  RBTiKA  (viewed   versely  into  numerous  discs  (Fig.  566, 

from  the  surfme).  B).      The  colouring  matter,  rhodopsin,    _      , .. aBcriof  THRouaa  ocrra 

already  referred  to,  is  found  only  in     'l^tem  of  Reti'sa  (wmi-diagruo- 
the  outer   segmeuta  of    the    roda,  the    t«nninai    parts  of       ni»tic). 
which  extend  into  the  layer  of  pigmented  epithehum. 

8.  Layer  of  pigmented  epithelium  (atratum  pigment!). — This  consiaU  of  a  single 
stratum  of  cells  which,  on  surface  view,  are  hexagonal  (Fig.  567),  their  outer  flattened 
surfaces  being  firmly  attached  to  the  chorioid.  When  seen  in  profile  the  outer  part  of 
each  cell  contains  a  large  oval  nucleus  and  is  devoid  of  pigment,  while  the  inner  portion 
is  filled  with  pigment  and  extends  as  a  series  of  thread-like  processes  amongst  the  outer 
segments  of  the  rods  and  cones.  When  the  eye  is  kept  in  the  dark  the  pigment 
aecumulates  near  the  outer  part  of  the  cell,  but  when  exposed  to  light  it  streams  in 
between  the  rods  and  cones  (Fig.  568). 

It  will  be  seen  from  the  foregoing  description  that  there  is  no  direct  continuity 
between  the  nervoua  elements  which  form  the  different  layers  of  the  retina.  Iu  the  iiiuer 
molecular  layer  there  is  merely  an  interlacement  between  the  dendrites  of  the  ganglionic 
layer  and  the  arborisations  of  the  cells  of  the  inner  granular  layer,  and  a  similar  inter- 
lacement in  the  outor  molecular  layer  between  the  rod  and  cone  elements  and  the 
processes  of  the  outer  granules. 

Sustentacular  fibres  of  the  retina  (fibne  MUlIeri).— These  support  the  ner\ouB 
structures  and  extend  from  within  outwards  through  the  thickness  of  the  retina  as  far  as 
the  bases  of  the  rods  and  cones  (Fig.  565,  M).  They  begin  at  the  inner  surface  of  the 
nerve-fibre  layer  in  single  or  forked  expanded  bases,  by  the  apposition  of  which  a  delicate 
membrane,  the  membrana  liniitain  interDU,  is  formed.  In  the  ganglionic  layer  they  give 
off  a  few  lateral  branches,  and,  on  passing  through  the  inner  nuclear  layer,  supply  lateral 
ramifications  amongst  the  inner  granules  for  their  support;  iu  this  part  of  each  fibre 
there  is  seen  an  oval  nucleus.  In  the  outer  nuclear  layer  they  break  up  into  a  network 
of  fibrils  which  surround  the  rod  and  cone  fibres,  and  end  externally  at  the  bases  of  the 
rods  and  cones  iu  a  delicate  membrane,  the  membnuia  '''"<*-°""  eztsniA. 

Structure  of  the  macula  lutea  and  fovea  centralis.  ^The  yellow  colour 
of  the  macula  is  due  to  the  presence  of  pigment  in  the  inner  layers  of  the  retina.  At  the 
circumference  of  the  macula  the  nerve-fibre  layer  is  greatly  thinned  and  the  roda  are  few 
in  number;  the  ganglionic  layer,  on  the  other  hand,  is  thickened  and  may  contain 
from  seven  to  nine  strata  of  cells,  while  the  outer  granular  layer  is  also  thicker  and  ita 
bipolar  cells  have  an  oblique  direction.  At  the  fovea  centralis  the  retina  is  much  thinned, 
since  here  its  nerve-fibre  and  ganglionic  layers  are  absent  and  its  other  strata  greatly 
attenuated.  The  stratum  pigmenti,  on  the  other  hand,  is  thicker  and  its  pigmentation 
more  pronounced.  The  cone  nuclei  are  situated  some  distance  internal  to  the  outer 
limiting  membrane,  and  thus  the  thin  inner  and  outer  granular  layers  are  in  apposition. 
There  are  no  rods,  and  the  cones,  closely  crowded  together,  are  narrower  and  their 
outer  segments  more  elongated  than  elsewhere,  so  that  the  line  of  their  bases,  indicated 
by  the  membrana  limitans  externa,  presents  a  convexity  directed  forwards.  The  fovea 
centralis  and  macula  lutea  are  spoken  of  by  the  physiologistas  the  "region  of  distinct  vision." 
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Structure  of  the  ora  serrata. — Here  the  nervous  layers  of  the  retina  suddenly 
cease ;  the  layer  of  rods  and  cones  first  failing,  to  be  immediately  followed  by  the  disappear- 
ance of  the  other  nervous  strata.  In  front  of  the  ora  serrata  the  retina  is  prolonged  over  the 
ciliar}'  processes  in  the  form  of  two  layers  of  cells :  (a)  an  inner  layer  of  columnar  epithelium, 
and  {b)  an  outer,  consisting  of  the  stratum  pigmenti,  the  two  forming  the  pars  ciliaris 
retinBB.  The  same  two  layers  are  prolonged  over  the  back  of  the  iris,  where  both  are 
pigmented  and  form  the  pars  iridica  retinae. 

Vessels  of  the  retina  (Fig.  569). — The  retina  is  supplied  by  the  arteria  centralis 
retins,  a  branch  of  the  ophthalmic  artery,  which  pierces  the  sheath  of  the  optic  nerve  about 
three-quarters  of  an  inch  behind  the  eyeball,  and  makes  its  appearance  in  the  centre  of  the 
optic  disc.  Here  it  divides  into  an  upper  and  a  lower  branch,  and  each  of  these  again  bifur- 
cates into  an  internal  or  nasal,  and  an  external  or  temporal,  branch.  The  resulting  four 
branches  ramify  towards  the  periphery  of  the  retina,  and  are  named  the  superior  and 
inferior  temporal  and  the  superior  and  inferior  nasal  arteries.  The  temporal  arteries 
pass  outwards  above  and  below  the  macula  lutea,  to  which  they  give  small  branches ; 


upper  nasal  branch 


Optic  disc 


Lower  nasal  bnnch 


Upper  temporal  branch 

Upper  and  lower  macular 
arteries 


-  Macula  lutea 


Lower  temporal  branch 
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tliese  do  not,  however,  extend  as  far  as  the  fovea  centralis,  which  is  devoid  of  blood-vessels. 
The  macula  also  receives  two  small  arteries  (superior  and  inferior  macular)  directly  from 
the  poms  opticus.  The  larger  vessels  run  in  the  nerve-fibre  layer  near  the  raembrana 
limitans  interna  and  form  two  capillary  networks— an  inner,  in  the  nerve-fibre  layer,  and 
an  outer,  in  the  inner  nuclear  layer.  The  inner  network  arises  directly  from  the  arteries 
and  sends  numerous  small  branches  to  the  outer  network,  from  which  the  veins  take 
origin.  The  vessels  do  not  penetrate  deeper  than  the  inner  granular  layer,  nor  do  the 
arteries  anastomose  except  through  the  capillary  plexuses.  The  veins  follow  the  course  of 
the  arteries ;  they  have  no  muscular  coats,  but  consist  merely  of  a  layer  of  endothelial  cells, 
outside  which  is  a  perivascular  lymphatic  sheath,  surrounded  by  delicate  retiform  tissue. 

KEFEACTING  MEDIA  OF  THE  EYEBALL. 

The  vitreous  body  (corpus  vitreum)  is  a  transparent,  jelly-like  substance  situated 
lH»tween  the  crystalline  lens  and  the  retina,  and  occupying  the  posterior  four-fifths 
of  the  globe  (Fig.  558).  In  front  it  presents  a  deep  concavity,  the  fossa  patellaris,  for 
the  reception  of  the  posterior  convexity  of  the  lens.  It  is  enclosed  within  a  thin 
transparent  membrane,  the  membrana  hyaloidea,  which  is  in  contact  with  the 
membrana  limitans  interna  of  the  retina  and  adherent  to  it  at  the  optic  entrance. 
The  portion  of  the  membrana  hyaloidea  in  front  of  the  ora  serrata  is  thickened 
and  strengthened  by  radial  fibres,  and  is  termed  the  zonnle  of  Zinn,  or  zonula  ciliaris. 
Situated  behind  the  ciliary  body  the  zonula  is  radially  folded  and  presents  a  series 
of  alternating  furrows  and  elevations.  The  ciliary  processes  are  received  into,  and 
are  firmly  adherent  to,  the  furrows,  with  the  result  that,  if  removed,  some  of  their 
pigment  remains  attached  to  the  zonula.  The  elevations  of  the  zonula  are  not 
attached  to  the  interciliary  depressions,  but  are  separated  by  a  series  of  lymph 
spaces  (recessus  cameroe  posterioris) ;  these  may  be  regarded  as  diverticula  of  the 
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posterior  chamber  with  which  they  communicata     As  the  zonula  approaohes  the 
equator  of  the  lens  it  splits  into  two  chief  layers,  viz. :  (a)  a  thin  posterior  lamina, 
which  covers  that  portion  of  the  membrana  hyaloidea  which  lines  the  foBsa  patellaria; 
and  (6)  a  thicker  anterior  layer,  termed  the  anspensory  li^unent  of  the  lens  {Fig. 
558),  which  blends  with  the  front  of  the  lens  capsule  a  short  distance  from  its 
equator.     Scattered  fibres  of  this  ligament  are  also  attached  to  the  equator  itself 
and  to  the  regions  immediately  anterior  and  posterior  to  it.     By  this  suspennory 
ligament  the  lens  is  retained  in  position,  and  its  convexity  varies  inversely  with 
the  degree  of  tension  of  the  ligament.     The  ladial  fibres  of  the  ciliary  muscle,  by 
pulling  forward  the  ciliary  processes  and  the  attached  zonule  of  Zinn,  relax  the 
ligament,  and  thus  allow  the  lens  to  become  more  convex.     Behind  the  suHi)ensory 
ligament  a  sacculated  lymph  space  sutrounds  the  equator  of  the  lens ;  it  is  named 
the  canal  of  Petit,  and  may  easily  be  inflated  on  introducing  a  fine  blow-pipe 
through  the  suspensory  ligament  (Fig.  570).     In  the  ftetus  a  blood-vessel,  termed 
the  arteria  hTaloidea,  is  continued  from  the  arteria 
centralis  retime   forwards   through    the   vitreous 
le     body  for  the  supply  of  the  capsule  of  the  lens, 
'"    Its  position,  in  the  adult,  is  represented  by  a  lymph 
ttt    channel,  termed  the  caoalis  hTaloideos  of  Stilling 
(Fig.    558),   the   presence   of  which   may  he  de- 
monstrated by  shaking  up  the  vitreous  body  in  a 
solution  of  picrocarmiue,  when  some  of  the  pig- 
ment  may  be  seen   to   extend   along   the   canal 
(Anderson  Stuart). 

When  the  vitreous  body  is  treated  by  a  weak 
solution  of  chromic  acid  it  presents  a  series  of 

^^^^  ,,^^^ ruKFEosryeMiarged)!  concentric,  peripherally  arranged  strise,  together 

with  numerous  radial  strite  converging  towards 
its  centre.  Between  these  the  more  fluid  part  lies,  and  it  frequently  contains 
vacuolated  amceboid  cells  scattered  through  it.  The  vitreous  body  consists  of  98'4 
per  cent  of  water,  having  in  solution  about  li  per  cent  of  sodium  chloride  and 
traces  of  extractives  and  albumen. 

The  crystalline  lens  (lens  crystallina)  lies  in  front  of  the  vitreous  body  and 
behinit  the  iris,  and  is  a  biconvex,  transparent  body  (Fig.  558).     It  is  enclt^cd  in 
a  thin,  transparent,  homt^eneous  capsule,  the  capsule  of  the  lens  (capsula  lentis). 
The  central  points  of  its  anterior  and  posterior  surfaces  are  termed  respectively  its 
anterior  and  posterior  poles,  a  line  joining  which  is  known  as  its  axis  (axis  lentis); 
its  peripheral  circumf'ereuce  is  named   the  equator  (lequator  lentis).       Its  axial 
measurement  is  4  nun.,  and   its  transverse 
diameter  from  9-10  mm.     Its  anterior  surface 
(facies  anterior   lentis)  is  less  curved  than 
tlie  posterior,  and  its  central  part  corresponds     *''^''\l; 
with  the  aperture  of  the  pupil  and  is  directed 

towards  the  anterior  chamber.     Around  the  ' 

aperture  of  the  pupil  the  pupillary  margin  "i^iltt" 

of  the  iris  rests  upon  the  lens,  but  its  peri- 
pheral part  is  separated  from  it  by  the 
aqueous  humour  of  the  posterior  chamber. 
Its  posterior  surface  (facies  posterior  lentis), 
more  convex  than  the  anterior,  occupies  the 

fossa  patellaris  of  the  vitreous  body.  The  fio.  E"i.— Lbhs  marperid  is  Fohmauj  and 
relations  of  its  equator  to  the  suspensory  mssKCTBOTiiaHowiTsi^oNiSNTmc  Lamin* 
ligament  and  the  canal  of  Petit  have  already  '^^ 

been  referred  to.  The  superficial  part  of  the  lens  possesses  a  refractive  index  uf 
about  1-4,  and  its  central  part  or  nucleus  one  of  about  1'45.  The  curvatures  of 
its  surfaces,  cs|)ecially  that  of  the  anterior,  are  constantly  varying  during  life  for 
the  purpose  of  focusing  rays  from  near  or  distant  objects  on  the  retina. 

The  lens  subatam'e  (.substantia  lentis)  consists  of  a  soft  outer  part,  the  sulwtastia 
c<nticaliB,  easily  crushed  between  the  finger  and  thumb,  and  of  a  dense  central  part, 
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Fio.  572. — Diagrammatic  Rbprksbntation  of  the  Rauii 
Lentis  of  the  F(etal  Lens. 

A,  Seen  from  the  front ;  B,  From  behind. 


the  nucleus  lentis.     Faint  lines  (radii  lentis)  radiate  from  its  anterior  and  posterior 

poles  towards  its  equator.     In  the  fetus  they  are  three  in  number,  and  form  with 

each  other  angles  of  120**  (Fig.  572).     From  the  anterior  pole  one  ray  ascends 

vertically  and  the  other  two  diverge  downwards,  while  from  the  posterior  pole  one 

ray  descends  vertically  and   the 

other  two  diverge  upwards.     In 

the  adult  the  rays  may  be  increased 

to  six  or  more.     They  represent 

the  free  edges  of  a  corresponding 

number  of  septa  which  dip  into 

the   substance   of  the  lens,  and 

along  which  the  extremities  of  the 

different  groups  of  lens  fibres  come 

into   contact,  and  are   attached 

by  a  clear,  amorphous  substance. 

The  lens,  when  hardened,  exhibits 

a  series  of  concentrically  arranged 

laminae  (Fig.  571),  superimposed  like  the  coats  of  an  onion  and  attached  to  each 

other  by  a  clear,  amorphous  substance.     Each  lamina  is  split  along  the  radiating 

lines,  and  consists  of  a  series  of  hexagonal,  riband-like  fibres,  th6  fibrae  lentis, 

which  are  adherent  to  each  other  by  their  margins ;  those  of  the  deeper  laminae 

are  smaller  and  serrated,  but  non-nucleated ;  while  those  of 
the  superficial  coats  are  larger  and  nucleated,  but  non-serrated. 
The  fibres  extend  in  a  curved  manner  from  the  rays  on 
the  anterior  surface  to  the  rays  on  the  posterior  surface,  but 
no  fibre  extends  from  pole  to  pole.  Fibres  which  start  at  or 
near  one  pole  end  at  or  near  the  equator  on  the  opposite 
surface,  and  vice  versa,  while  the  intervening  fibres  take  up 
intermediate  positions.  Between  the  substantia  lentis  and  the 
anterior  part  of  the  capsule  there  is  a  layer  of  nucleated 
columnar  epithelial  cells,  the  epithelium  lentis.  On  being 
traced  towards  the  equator  its  cells  become  gradually  elongated 
and  transformed  into  lens  fibres,  which,  when  fully  formed, 
lose  all  trace  of  their  nuclei,  except  in  the  more  superficial 
laminjB.  Each  lens  fibre  represents,  therefore,  a  greatly 
elongated  colunmar  cell  (Fig.  573). 

In  the  foetus  the  lens  is  soft,  of  a  pinkish  colour,  and  nearly 
spherical ;  while  in  old  age  it  becomes  more  flattened  than  in 
the  adult,  and,  losing  its  transparency,  assumes  a  yellowish 
tint. 

Ohambers  of  the  Eye  and  Aqueous  Humour  (Fig.  558). — 
As  already  stated  (p.  730),  the  space  between  the  cornea  and 
the  lens  is  divided  by  the  iris  into  two  unequal  parts,  viz.  the 
anterior  chamber  in  front  and  the  posterior  chamber  behind. 
These  are  filled  by  the  aqueous  humour,  and,  in  the  adult, 
communicate  freely  through  the  aperture  of  the  pupil,  but  in 
the  fcEtus  are  separated  from  each  other  by  the  pupillary 
membrane.  The  anterior  chamber  (camera  oculi  anterior)  is 
bounded  in  front  by  the  cornea,  behind  by  the  iris  and  lens, 
Fio.  573.  whilst  peripherally  it  communicates  with  the  spaces  of  Fontana. 

Section   throuoh   the  The  posterior  chainber  (camera  oculi  posterior)  is  triangular 
Equator  of  the  Lens,   ^j^  section,  and  is  bounded  in  front  by  the  iris,  behind  by 

Showing  the  gradual  tran-  the  circumferential  part  of  the  lens  and  its  suspensory  liga- 

^trieL*^fib?es^(lftS  °*®^^  5  ^^^  ^^^^  ^f  ^^®  triangle,  situated  externaUy,  corresponds 
Babuchin).  with  the  thick,  anterior  extremities  of  the  ciliary  processes.     It 

communicates  with  the  recessus  camerse  posterior  and  canal 
of  Petit.     The  aqueous  humour  has  a  refractive  index  of  about  1*336,  and  consists 
of  about  98  per  cent  of  water,  with  1-4  per  cent  of  sodium  chloride  and  traces  of 
albumen. 
51 
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EYELIDS. 

The  eyelids  or  palpebrse  are  two  inovHble  cutaneous  curtains  situated  in  front 

of  the  eyeball,  and  named,  from  their  position,  upper  and  lower.  The  upper  is  the 
larger  and  more  movable,  being  provided  with  a  special  elevator  muscle,  the  m. 
levator  palpebr^  superioria.  The  interval  between  the  lids  is  termed  the  palpebral 
flsanre  (rinia  palpebrarum),  and  measures  transversely  about  30  mm.,  but  varies 
considerably  in  different  individuals  and  in  different  races.  When  the  eye  is  open 
the  fissure  is  elliptical  in  shape,  but  when  closed  it  assumes  the  form  of  a  transverse 
slit,  which  lies  on  a  level  with  the  lower  margin  of  the  cornea.  The  two  lids  meet 
at  the  extremities  of  the  tissure,  and  form  the  outer  and  inner  angles,  or  c&nthL 
Their  free  margins  are  flattened  and  are  surmounted  by  eyelashes  from  the  external 
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canthus  to  a  point  about  5  mm.  from  the  inner  canthus — a  point  indicated  by  a 
small  papilla,  the  papilla  lacrimalis.  Internal  to  this  papilla  the  margins  are 
rounded  and  destitute  of  eyelashes,  and  form  the  upper  and  lower  boundaries 
of  a  triangular  space,  termed  the  lacoa  locrimaliB,  which  is  occupied  by  a  small 
pale-red  body,  the  canmcala  lacrintaliB.  This  caruncula  consists  of  a  minute 
island  of  modilied  skin,  and  contains  sweat  glands,  sebaceous  glands,  and  tine  hairs. 
Posteriorly  the  lids  are  lined  by  a  mucous  membrane,  the  conjunctiva,  and  are  in 
contact  with  the  ey«ball,  except  near  the  inner  canthus,  where,  between  the  eyeWll 
and  tJie  caruncula  kcrimalis,  there  intervenes  a  vertical  fold  of  conjunctiva,  the  plica 
Mtniinnaria  conjnnctlvsB.  Thls,  wliich  in  many  animals  contains  a  ptate  of  cartilage, 
is  the  teptesentative  of  the  membraua  nictitans,  or  third  eyelid  of  birds,  etc. 

In  each  lid  there  exiata  a  framework  of  condensed  fibrous  tissue,  which  gives 
consistence  and  shape  to  the  lid,  and  is  termed  the  tarsal  plate  or  tatBoa.  In  front 
^f   the   tarsus   are   the   fibres   of   the   orbicularis  palpebrarum   muscle   and   the 
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integument,  while  embedded  in  its  posterior  surface,  and  covered  by  the  conjunctiva, 
are  numerous  modified  sebaceous  glands  named  the  tarsal  or  Meibomian  glands. 
The  superior  tarsal  plate  (tarsus  superior)  is  larger  than  the  inferior  and  of  a  half 
oval  shape,  with  its  greatest  vertical  diameter  measuring  about  10  or  11  mm.  Its 
upper  margin  is  thin  and  convex,  and  is  continuous  with  the  tendon  of  the  levator 
palpebrse  superioris  muscle,  while  its  lower  edge  is  thick  and  straight.  The  inferior 
tarsal  plate  (tarsus  inferior)  is  a  thin,  narrow  strip,  with  a  nearly  uniform  vertical 
diameter  of  about  5  mm.  The  extremities  of  the  two  plates  are  continuous 
with  the  external  and  internal  tarsal  ligaments.  The  external  tarsal  ligament  is  a 
narrow  band  attached  to  the  malar  bone ;  it  divides,  at  the  outer  canthus,  into 
upper  and  lower  pieces  which  are  fixed  to  the  margins  of  the  respective  tarsal 
plates.  The  internal  tarsal  ligament  is  a  strong  band  attached  to  the  nasal  process 
of  the  superior  maxillary  bone  directly  in  front  of  the  lachrymal  groove ;  it  divides 
at  the  inner  canthus  into  two  slips,  one  for  either  tarsal  plate. 

The  eyelids  are  further  strengthened  by  membranous  expansions,  termed  the 
superior  and  inferior  palpebral  ligaments,  which  extend  into  them  from  the  margin 
of  the  orbit.  The  superior  ligament  is  continuous,  along  the  upper  margin  of  the 
orbit,  with  the  pericranium  and  with  the  periosteal  lining  of  the  orbit,  and  blends 
below  with  the  tendon  of  the  levator  palpebrse  superioris.  The  inferior  ligament  is 
prolonged  from  the  under  edge  of  the  inferior  tarsal  plate  to  the  lower  margin  of 
the  orbit,  where  it  is  continuous  with  the  periosteum  of  the  face  and  orbital  floor. 
Externally  the  two  palpebral  ligaments  fuse  to  form  the  external  tarsal  ligament, 
while  internally  they  become  thinned,  and,  separating  from  the  internal  tarsal 
ligament,  are  attached  to  the  lachrymal  bone  behind  the  lachrymal  sac.  These  two 
palpebral  ligaments  form  a  kind  of  septum  or  diaphragm,  the  septum  orbitale, 
between  the  superficial  and  deep  structures  of  the  eyelids;  this  septum  is  perforated 
by  the  vessels  and  nerves,  which  extend  from  the  orbital  cavity  to  the  face  or 
scalp. 

The  skin  covering  the  lids  is  thin  and  delicate,  and  is  continuous,  at  their  margins, 
with  their  conjtmctival  lining.  It  contains  numerous  small  sweat  glands  and  fine 
hairs,  the  latter  being  provided  with  sebaceous  follicles.  Branched  pigment  cells 
are  present  in  the  cutis,  and  pigment  also  exists  in  the  deep  layers  of  the  epidermis. 
The  subcutaneous  tissue  is  loose  and  devoid  of  fat,  and  in  it  are  found  the  fibres  of 
the  orbicularis  palpebrarum  muscle — a  small  separate  bundle  of  which,  termed  the 
muscle  of  Biolan,  occupies  the  margin  of  the  lids  behind  the  eyelashes.  The 
Meibomian  glands,  or  glandulse  tarsales,  are  elongated  sebaceous  glands  with 
numerous  lateral  ofishoots  ;  they  are  embedded  in  the  tarsal  plates  and  filled  with 
cubical  epithelium.  There  are  from  twenty-five  to  thirty  in  the  upper  lid,  and  from 
twenty  to  twenty-five  in  the  lower;  they  open  by  small  ducts,  about  1  mm.  in 
length,  along  the  lid  margins  behind  the  eyelashes ;  the  ducts  are  lined  by  stratified 
epithelium  placed  on  a  basement  membrane.  Between  the  eyelashes  and  the 
muscle  of  Eiolan  are  two  or  three  rows  of  modified  sweat  glands,  termed  the  glands 
of  Moll ;  the  blocking  of  a  duct  of  one  of  these  glands  frequently  gives  rise  to  a  stye. 

H.  MiiUer  described  a  layer  of  non-striped  muscle  in  each  lid  :  in  the  upper  extending  from 
the  tendon  of  the  levator  palpebrae  superioris  to  the  upper  tarsal  plate,  and  in  the  lower 
connecting  the  inferior  tarsal  plate  with  the  inferior  oblique  muscle. 

The  tendon  of  the  levator  palpebrse  superioris  divides  into  three  parts — ^an 
anterior,  passing  between  the  bundles  of  the  orbicularis  to  the  deep  surface  of  the 
skin ;  a  middle,  attached  to  the  superior  tarsal  plate ;  and  a  posterior,  to  the  fornix 
conjunctivae :  there  is  no  corresponding  muscle  in  the  lower  lid.  The  eyelashes  are 
curved,  silky  hairs  which  project  from  the  free  margins  of  the  lids ;  in  the  upper 
lid  they  are  longer  and  more  numerous  than  in  the  lower,  and  are  curved  upwards, 
while  those  of  the  lower  lid  are  bent  downwards. 

Oorgnnctiva. — This  is  the  name  applied  to  the  mucous  membrane  which  lines 
the  back  of  the  lids  (tunica  coi^unctiTa  palpebrarum),  and  is  continued  on  to  the 
front  of  the  eyeball  (tunica  coi^unctiva  bulbi).  The  line  along  which  it  is  reflected 
from  the  lids  on  to  the  globe  of  the  eye  is  termed  the  fornix  conjunctiys.  The 
palpebral  portion  adheres  intimately  to  the  tarsal  plate  and  presents  numerous 
papillse.     It  is  covered  by  a  layer  of  columnar  epithelial  cells,  beneath  the  bases 
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of  which  are  small  flattened  cells.  Near  the  fornix  a  number  of  acino-tubular 
glands,  much  more  plentiful  in  the  upper  than  in  the  lower  lid,  open  on  its  free 
surface.  The  conjunctiva  bulbi  is  thinner  than  that  lining  the  lids,  and  is  loosely 
attached  to  the  sclera  by  submucous  tissue.  The  plica  semilunaris  conjunctivae  has 
already  been  referred  to  (p.  738).  On  the  cornea  the  conjunctiva  is  represented 
merely  by  the  stratified  epithelium  already  described  (p.  726). 

Vessels  and  Nerves. — The  chief  arteries  of  the  eyelids  are  the  superior  and  inferior  palpe- 
bral branches  of  the  ophthalmic,  which  i)ierce  the  septum  orbitale  above  and  below  the  internal 
tarsal  hgament,  and  run  tortuously  outwards  in  the  corresponding  lid  near  its  free  margin.  On 
reaching  the  region  of  the  outer  canthus  they  anastomose  with  each  other  and  with  twigs  from 
the  lachrymal,  superficial  temporal,  and  transverse  facial  arteries,  and  in  this  way  an  an-h  is 
formed  in  each  lid  (upper  and  lower  tarsal  arches).  Secondary  smaller  arches  are  found,  one 
above  the  primary  arch  in  the  upper  lid,  and  another  below  that  of  the  lower  lid,  while  the  upinr 
lid  also  receives  branches  from  the  supraorbital  and  frontal  arteries.  The  veins  are  arranged  in 
two  sets  :  (a)  subconjunctival  or  retrotarsal,  opening  into  the  muscular  tributaries  of  the  ophthalmic 
vein,  and  (6)  pretai*sal,  into  the  angular  and  superficial  temporal  veins.  The  lymphatics, 
like  the  veins,  form  pre-  and  retrotarsal  networks,  which  communicate  with  e^wh  other  through 
the  tarsal  plates.  The  lymph  is  chiefly  drained  into  the  perauricular  and  parotid  lymphatic 
glands,  but  partly,  by  vessels  which  accompany  the  facial  vein,  into  the  submaxillary  lymphatic 
glands.  The  sensory  nerves  of  the  eyelids  are  supplied  by  the  fifth  cranial  nerve — the  upper 
lid  chiefly  by  the  supraorbital  and  supratrochlear  branches  of  the  ophthalmic ;  the  lower,  by 
the  infraorbital  branch  of  the  superior  maxillary.  The  region  of  the  outer  canthus  reoeivt*s 
some  filaments  from  the  lachrymal  nerve,  that  of  the  inner  from  the  infratrochlear.  These 
sensory  nerves  form  a  maiginal  plexus  behind  the  orbicularis  palpebrarum  muscle.  The  levator 
palpebrsB  muscle  is  supplied  by  the  third  cranial  nerve  and  the  non-striped  fibres  of  the  lids  by 
the  sympathetic 

LACHRYMAL  APPARATUS. 

The  lachrymal  apparatus  (apparatus  lacrimalis)  consists  of :  (I)  the  lachrymal 
gland,  which  secretes  the  tears  ;  (2)  the  lachrymal  canals,  by  which  they  are  drained 
from  the  front  of  the  globe  ;  and  (3)  the  lachrymal  sac  and  nasal  duct,  which  convey 
them  into  the  nasal  cavity. 

The  lachrymal  gland  is  a  flattened,  oval  body  situated  in  the  upper  and  outer 
part  of  the  orbital  cavity,  and  consists  of  two  jwrtions — orbital  and  palpebral — 
imperfectly  separated  from  each  other  by  the  expansion  of  the  tendon  of  the  levator 
palpebrse  superioris  muscle.  The  orbital  portion,  or  glandula  lacriinaliB  superior, 
is  tirm  and  much  larger  than  the  palpebral  part ;  it  measures  transversely  about 
20  mm.,  and  sagittally  from  12-14  mm.  It  occupies  the  fossa  lacrimalis  on  the  inner 
aspect  of  the  external  angular  process  of  the  frontal  bone,  and  is  fixed  by  fibrous 
bands  to  its  periosteum,  while  its  inferior  surface  is  in  contact  with  the  levator 
palpebrse  superioris  and  external  recti  muscles  which  intervene  between  it  and  the 
globe  of  the  eye.  The  smaller,  iMdpebral  portion,  or  glandula  lacrimalis  inferior. 
consists  of  small,  loosely  aggregated  lobules.  It  lies  below  and  in  Iront  of  the  orbital 
portion,  and  projects  into  the  posterior  part  of  the  upper  eyelid,  where  its  deep 
surface  is  in  contact  with  the  conjunctiva.  The  ducts  which  drain  the  orbital 
portion  are  from  three  to  five  in  numljer;  they  pass  between  the  lobules  of  the 
palpebral  portion,  and  open  at  the  upper  and  outer  part  of  the  fornix  conjuuctivie. 
The  ducts  of  the  palpebral  portion  number  from  three  to  nine  ;  some  of  them  join 
those  from  the  orbital  part,  while  others  open  separately  at  the  fornix  conjunctiva^ 
The  lachrymal  gland  has  a  structure  similar  to  that  of  the  parotid,  and  is  supplieti 
by  the  sympathetic  and  lachrymal  nerves  and  by  the  lachrymal  artery,  while  its 
veins  are  drained  into  the  ophthalmic  vein. 

The  lachrymal  canals  (ductus  lacrimales)  commence  by  minute  orifices,  termed 
the  puncta  lacrimalia,  at  the  apices  of  the  papillse  lacrimales  already  referred  to  (p. 
738).  The  upper  canal  is  the  smaller  of  the  two,  and  at  first  ascends  for  a  short 
distance,  and  then  runs  inwards  and  slightly  downwards  ;  the  lower  descends  for  a 
short  distance  and  then  runs  horizontally  inwards.  At  the  angle  where  they 
change  their  direction  each  is  dilated  into  an  ampulla  (ampulla  ductus  lacrimahs). 
They  occupy  the  margins  of  the  lids,  where  these  bound  the  lacus  lacrimalis,  and 
the  two  canals  open  close  together  into  the  outer  and  fore-part  of  the  lachrymal 
sac,  a  httle  below  its  middle ;  sometimes  they  open  separately  into  a  pouch-like 
dilatation   of  the   sac,  termed  the  sinus  of  Maier.      Each  canal  is  lined  by  a 
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stratified  epithelium  placed  on  a  tunica  propria,  outside  which  is  a  layer  of 
striped  muscular  fibres  derived  from  the  tensor  tarsi  muBcle.  These  muscular 
fibres  are  arranged  somewhat  spirally  around  the  canals,  but  at  the  bases  of 
the  papillffi  they  are  circular  in  direction  and  form  a  species  of  sphincter.  On 
contraction  they  serve  to  empty  the  contents  of  the  lachrymal  canals  into  the 
lachrj'mal  sac. 

The  lachrymal  sac  and  nasal  duct  together  form  the  passage  by  which  the  tears 
are  conveyed  from  the  lachrymal  canals  to  the  nose. 

The  lachrymal  sac  (saccus  lacrimalis)  is  the  upper  expanded  part  of  the  passage, 
and  measures  from  12-15  mm.  in  length,  about  7  mm.  antero-posteriorly,  and 
from  4-5  mm.  transversely.  It  lies  in  the  groove  formed  by  the  lachrymal  bone 
and  nasal  process  of  the  superior  maxilla,  and  ends  above  in  a  rounded,  bhnd 
extremity  or  fundus,  while  it  narrows  below  into  the  nasal  duct.  Here  a  fold  of 
mucous  membrane,  named  the  valve  of  Beraud,  together  with  a  laterally  directed 
pouch,  the  sinus  of  Arlt,  are  sometimes  present.  Near  its  superior  extremity  it 
is  crossed  in  front  by  the  internal  tarsal  ligament,  from  the  upper  aud  lower 
edges  of  which  the  orbicularis  palpebrarum  takes  origin,  while  behind  it  is  the 
tensor  tarsi  muscle,  or  muscle  of  Homer. 

The  nasal  duct  (ductus  naso-lacrimalis)  aver^ea  about  18  mm.  in  length,  and 
baa  a  diameter  of  from  3-4  mm.  Rather  narrower  near  its  middle  than  at  its  upper 
and  lower  extremities,  it  is  directed  downwards  and  slightly  backwards,  and  opens 
into  the  inferior  meatus  of  the  nose  at  the  junction  of  its  anterior  with  its  posterior 
three -fourths,  i.e.  a  distance  of  30-35  mm.  from  the  posterior  boundary  of  the 
nostril.  Ita  lower  orifice  is  somewhat  variable  in  form  and  position,  and  is 
occasionally  duplicated.  It  is  frequently  guarded  by  a  fold  of  mucous  membrane, 
termed  the  valve  or  plica  lacrunalia  of  Hasner.  Through  this  orifice  the  mucous  lining 
of  the  duct  is  continuous  with  that  of  the  nose.  The  mucous  membrane  of  the  duct 
is  thrown  into  inconstant  folds,  several  of  which  have  been  described  as  valves. 
Its  epithehum  is  columnar  and  in  part  ciliated  ;  opening  into  the  lower  part  of  the 
duct  are  numerous  glands  similar  to  those  in  the  nasal  mucous  membrane.  The 
nerves  of  the  lachrymal  canals  and  sac  are  derived  from  the  in fratroc blear  branch 
of  the  nasal ;  their  arteries  from  the  inferior  palpebral  and  nasal.  The  veins  of  the 
nasal  duct  are  large  and  numerous,  forming  a  sort  of  erectile  tissue  similar  to  that 
in  the  nose. 

Deyelopmbkt  of  the  Eye. 

The  retina  and  optic  nerveare  developed  from  a  hollow  outgrowth  of  the  fore-brain,  termed 
the  optic  vesicle  (see  pp.  478  and  595).     This  extends  towards  the  side  of  the  head,  and  its 


coiiueiion  with  the  brain  is  gradually  elongated  to  form  tJie  optic  stalk.     The  ectoderm 
overlying  the  optic  vesicle  becomes  thickened,  invaginated,  and  6iially  cut  otf  as  a  hollow 
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island  n!  uells,  svbicb  in  developed  into  the  lens  and  is  named  the  lens  vesicle.  This  lens 
rudiment  indents  the  outer  and  lower  {jart  of  tfae  optic  vesicle,  which  now  assuraee  the  form 
of  a  cup  (optic  cup),  lined  by  two  layers  of  cells  continuous  with  each  other  at  the  margin 
of  the  cup.  The  inner  of  these  strata,  thicker  than  the  oui«r,  is  named  the  retinal  Ufer. 
and  Ijecomes  dift'erentiated  into  tlie  nervous  and  supporting  elements  of  the  retina ;  whilf 
the  onter,  named  the  pigmentary  layer,  forms  its  pigmented  epithelium.  Tbe  edge  of  the 
optic  cup  extends  in  front  of  the  equator  of  the  lens,  and  bounds  the  future  aperture  ot 
the  pupil.  In  front  of  the  lens,  and  also  opposite  its  equator,  the  retinal  layer  is  thin, 
and  represented  only  by  a  stratum  of  columnar  cells  which  becomes  closely  applied  t« 
the  pigmentary  layer,  the  two  forming  the  pars  ciliaris  and  pars  iridica  retina;.  The  in- 
dentation of  the  optic  cup  extends  as  a  ^jfroore  for  some  distance  along  the  postero-inferior 
aspect  of  the  optic  stalk,  forming  what  is  termed  the  chorioidal  flscmre  (Fig.  576).  Through 
this  fissure  the  mesoderm  paases  inwards  between  the  lens  and  the  retina  to  form  the  vitreous 
body,  while  the  arteria  centralis  retinae  also  becomes  enclosed  in  it  and  so  gains  its  future 
position  in  the  centre  of  the  optic  nerve.  Tbe  arteria  centralis  is  prolonged  forwards 
from  the  ponis  opticus  through  tbe  vitreous  body,  as  a  cone  of  branches,  as  far  as  the 
back  of  tbe  lens.  By  the  fiftli  or  sixth  month  all  these  branches  have  disappeared  except 
one,  the  arteria  hjraloidea,  which  persists  until  the  last  mouth  of  fcotal  life,  when  it  also 
atrophies,  leaving  only  the  canalis  liyaloidenB  to  indicate  its  position. 

The  lens  rudiment,  at  first  in  contact  with  the  ectoderm,  from  which  it  in  derived, 

soon  becomes  separat«d  from  it  by  mesoderm,  and  then  consists  of  a  rounded  vesicle  lined 

by  epithelium.     The  epithelium  which  lines  the  anterior 

part  of  the  vesicle  remains  as  a  single  layer  of  cells— 

the  anterior  lens  epithelium  of  the  adult.     Tbe  cells 

lining  the  posterior  part  of  the  vesicle  become  elougiiicd 

into  lens  fibres,  and  by  the  forward  growth  of  these  tlif 

cavity  of  the  vesicle  is  obliterated.    This  elongation  into 

lens  fibres  is  greatest  at  the  centre  ot  the  lens,  while 

near  the  equator  the  fibres  are  shorter,  and  here  ihf 

gradual  transition  between  the  anterior  epithelium  and 

Fill.  0"6.— Optic  Ccr  AND  Lrns  viBHBD  the  lens  fibres  is  seen  (Fig.  573).     The   lens  becomv* 

FRou  Behind  *nd  Bblow,  w  show  enveloped  in  a  vascular  tunic,  which  receives  its  ves.st'l& 

iTXi.'^"  of^he'^Xr^  ceXiOisTe-  ^^'^  ^^^  *'^"*  oentralis  retinre  and  from  the  ves8el^ 

linie  (from  model  hy  Ziegler).  of  the  iris.      The  front   part  of  this  tunic    forms   the 

membrana     pupillaris,    and    this,    like    the    rest    of 

the  tunic,  disappears  before  birth. 

The  hollow  stalk  of  the  optic  cup  becomes  solid  by  the  thickening  of  its  walls  and  tlic 
obliteration  of  its  cavity,  and,  acquiring  nerve-fibres,  liecomes  the  optic  nerve.  These  ner\-e- 
fibres  are  mostly  centripetal,  and  are  derived  from  tbe  nerve-cells  of  the  retina  :  but  a  few 
are  centrifugal  and  have  their  origin  in  the  brain.  The  further  development  of  the  retina 
resembles,  in  certain  respects,  that  of  the  spinal  cord. 

Cameron  states  ("The  Development  of  the  Kctina  in  Amphibia,"  Joum.  Anat.  and  Phif^i-L. 
Loudon,  voL  xxxii.)  that  iu  the  early  Btagex  of  the  development  of  the  inner  or  retinal  hiy.r  "t 
the  optiu  i-.np  all  the  structures,  described  by  His  iu>  l>enig  j.rcsent  in  the  spinal  cord  ••(  lli'- 
jtiiman  embrj-o,  are  to  he  found,  viz.  (a)  spongiohlasts,  (6)  germinal  culls,  and  («)  ueurt>blaslr>. 

Tlie  spongioblasts  underao  raniificntiou  and  form  a  network  or  myelospongium,  and  alsci  giv.- 
risB  to  the  inner  and  outer  limiting  menibraues ;  the  latter  is  next  the  original  cavitv  of  the  owi' 
vesicle,  and  therefore  corresponds  to  the  inner  limiting  membrane  of  the  spinal  corf.  Tli^- 
Blx)ngioblasls  also  form  the  groundwork  of  the  iiiiier  and  outer  molecular  layers  into  wliiih  l'"- 
pnH'e>i!>iM  of  the  neuroblasts  grow  and  arborise. 

The  germinal  cells  are  alwayf  situated  beueath  the  external  limiting  merolirane,  au<l  by  tlit-ir 
division  give  rise  to  the  neuroblasts.  The  firat-formed  neuroblasts  are  larger  than  time*-  "f 
succeeding  generationp,  and  are  found  iu  the  site  of  the  future  ganglionic  layer.  The  genuiuil 
cella  in  the  middle  of  the  convexity  of  tbi^  retinal  I'U])  wase  to  divide  at  an  earlv  siagr  "f 
development,  and  hecoiuc  directly  transfornml  into  th>;  cod  and  cone  cells  from  which  the  n-i- 
and  conen  develoji  as  process!*  ;  hence  these  structures  R]>]«ar  first  ovex  the  middle  <•{  ill'- 
convexity  of  the  retina,  and  gradually  extend  towarfs  the  mai:^n  of  the  retinal  cu]\ 

The  nuclei  of  the  retinal  neuroblasta  uudei)^  a  prognMsive  diminution  in  siw.-— in  *iini.- 
casta  to  one-fourth  of  that  of  their  earlier  stages.  Cameron,  after  a  tareful  study  of  the  nciiti- 
bloMls,  iiotonlv  in  the  retina,  but  in  the  wall  of  the  cerebral  vesicle  and  spinal  coni,  is  of  opini'" 
that  the  neurohlaHtir  nuclei  are  destitute  of  a  protiiplasmic  investment,  and  that  what  lia-  Wi" 
describe"!  as  a  zone  of  "clear  protoplasm"  surrounding  these  nuclei  during  the  process  of  karyi^- 
kiuewis  is  simply  the  achromatic  nuclear  substance  set  free  by  the  disappeatanw  of  the  nuclr^ir 
membrane ;  and,  further,  that  the  processes  which  grow  out  from  the  neuroblasts  in  reality  i--iii 
from  the  substance  of  the  nuclei  and  thus  cause  the  gradual  diminution  in  siie  of  the  laitrr. 
"  The  processes  of  the  retinal  'ganglion-cells '  and  of  the  cells  of  tbe  inner  nuclear  Uyer  first  sl«>» 
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themselyes  as  protrufiionB  of  the  nuclear  contents,  while  the  rods  and  conee  are  at  first  also 
protrusions  of  the  nuclei  of  the  external  nuclear  laver.  The  rod  and  cone  elements,  when  they 
nrst  appear,  do  so  as  perfectly  clear  spherical  globules  consisting  of  nothing  more  than  nuclear 
achromatin.  The  axis-cylinders  of  the  optic  nerve  arise  as  processes  oi  the  nuclei  in  the 
ganglionic  laver,  and  the  great  difficulty  wnich  is  experienced  in  staining  the  individual  fibres 
of  tne  retinal  nerve>fibre  layer  is  due  to  the  fact  that  they  are  composed  of  the  achromatic 
nuclear  substance  of  the  ganglionic  nuclei.  The  origin  of  the  axis-cylmders  from  these  nuclei 
Bupports  the  contention  of  those  who  insist  on  the  fact  that  the  axis-cylinder  process  of  a  nerve- 
ceU  cim  be  traced  right  into  the  nucleus  of  that  celL" 

The  molecular  layers  make  their  appearance  as  plexuses  of  myelospongium.  The  internal 
molecular  layer  is  firat  developed  at  the  centre  of  the  retinal  cup,  and  gradually  extends  towards 
the  cup  margin,  and  into  it  the  processes  &om  the  nuclei  on  either  side  gi-ow  and  ramify.  The 
rod  ana  cone  fibres,  and  the  outer  processes  of  the  internal  nuclear  layer,  grow  into  and  arborise 
within  the  external  molecular  layer. 

The  most  interesting  points  with  reference  to  the  development  of  the  nuclear  layers  are, 
(1)  the  extrusion  of  the  various  processes  from  the  nuclei  as  already  described,  and  (2)  the  free 
manner  in  which  these  nuclei  multiply  b^  direct  division  during  the  metamorphosis.  It  is 
interesting  to  note  that  the  retinal  nuclei  are  formed  during  the  earlv  stages  ov  mitotic  or 
indirect  division  of  the  germinal  cells,  while  later  they  appear  capable  of  multiplying  by 
amitotic  or  direct  division  only. 

The  first  evidences  of  the  rods  and  cones  are  in  the  form  of  clear,  absolutely  achromatic 
globules,  which  lie  between  the  nuclei  of  the  external  nuclear  layer  and  the  outer  limiting 
membrane.  Whenever  these  are  protruded  beyond  this  membrane  they  grow  with  great 
rapidity,  and  exert  an  influence  on  the  retinal  pigment  cells,  causing  them  to  protrude  their 
processes,  the  pigment  of  which  they  seem  to  digest  and  absorb,  since  they  now  stain  deeply 
with  iron-alum-hsematoxylin.  This  cives  us  a  clue  to  the  mode  by  which  the  rhodopein 
function  of  the  rods  in  the  adult  is  conducted,  for  these  structures  actually  owe  their  growth  and 
development  to  the  ingestion  of  pigment  from  the  pigment-cell  processes. 

The  condensed  mesoderm  surrounding  the  optic  cup  becomes  the  sclera  and  chorioid. 
In  the  portion  of  the  mesoderm  which  lies  in  front  of  the  lens  a  cleft-like  fissure  appears, 
and  divides  it  into  a  thick  anterior  and  a  thin  posterior  layer.  The  former  becomes  the 
substantia  propria  of  the  cornea ;  the  lattei*,  the  stroma  of  the  iris  and  anterior  part  of  the 
vascular  tunic  of  the  lens.  The  fissure  represents  the  future  anterior  chamber,  and  its 
lining  cells  form  the  layer  of  endothelium  on  the  back  of  the  cornea  and  front  of  the 
iris. 

The  eyelids  arise  as  two  integumentary  folds  above  and  below  the  cornea,  each  being 
covered  on  both  its  surfaces  by  the  ectoderm.  By  the  third  month  the  folds  meet  and 
unite  with  each  other  at  their  edges,  the  eyelids  being  only  permanently  opened  shortly 
before  birth;  in  many  animals  they  are  not  opened  until  after  birth.  The  ectoderm 
forms  the  epithelium  of  the  conjunctiva  and  the  stratified  epithelium  of  the  cornea.  It 
is  also  invaginated  at  the  lid  margins  to  form  the  hair  follicles  and  the  lining  cells  of  the 
Meibomian  glands  and  glands  of  Moll,  and,  at  the  fornix  conjunctivae,  to  form  the  lining 
of  the  alveoli  and  ducts  of  the  lachrymal  gland. 

The  nasal  duct,  lachrymal  sac,  and  canals  represent  the  remains  of  the  furrow  which 
extends  from  the  inner  angle  of  the  eye  to  the  nasal  cavity  between  the  superior  maxillary 
and  lateral  nasal  processes  (p.  40).  It  is  at  first  filled  by  a  solid  rod  of  cells,  which 
becomes  hollowed  out  to  form  the  duct  and  canals. 

THE  EAR. 

The  ear  or  organ  of  hearing  (organon  auditus.  Fig.  577)  consists  of  three  portion^ 
— external,  middle,  and  internal — the  last  constituting  its  essential  part,  as  within 
it  are  distributed  the  peripheral  terminations  of  the  auditory  nerve. 

EXTERNAL  EAE. 

The  external  ear  ^  includes  — (a)  the  pinna  or  auricula,  attached  to  and  pro- 
jecting from  the  side  of  the  head ;  and  (b)  the  passage  or  external  auditory  meatus 
(meatus  acusticus  externus),  leading  inwards  from  the  most  depressed  part  of  the 
pinna  as  far  as  the  tympanic  membrane  or  outer  wall  of  the  middle  ear. 

The  Pinna. 

The  pinna  or  aurioula  (Fig.  578)  presents  two  surfaces,  outer  and  inner,  the 
latter  forming  an  angle  (cephalo-auricular  angle)  of  about  30°,  with  the  side  of  the 

^  Although  it  is  usaal  to  speak  of  the  external,  middle,  and  internal  ear,  it  would  be  more  correct  to  use 
the  terms  external,  middle,  and  internal  ptrriions  of  the  ear. 

51c 
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bead.     The  outer  surface  is  irregularly  concave,  but  preeenta  several  well-marked 
elevations  and  depressions.     The  deepest  of  the  depressions  is  situated  near  ita 

,. .     _.      ,..   ^  ,  _„  , ,  middle,  and  is  named 

the  concna  (concha  aun- 

culae).      It    is   divided 

^""'  by  an  almost  transveree 

ridge,  the  cnu  lielicu, 
into  an  upper,  smaller, 
and  a  lower,  larger  por- 
tion: the  former  is 
termed  the  cymba  con- 
cha; the  latter,  which 
leads  into  the  meatus, 
the  cavtun  concha.  An- 
teriorly, the  cruB  helicis 
is  continuous  with  th<^ 
margin  of  the  pinna  or 
helix,  which  is  folded 
over,  in  the  greater  part 
of  its  extent^ike  the  rim 
of  ahat.andisdirectedut 
first  upwards,  and  then 
backwards  and  down- 
Pio.  G7T.^DiAaiiAMMATic  Viiw  OF  tan  OiuiAn  or  HxABiNa.  wards,  to  become  gradu- 

ally  lost  a  little  below 

the  middle  of  the  pinna.     Near  the  point  where  the  helix  b^ns  to  turn  down- 
wards a  small  tubercle,  the  tnberoulnm  Buperimi  (Uarwini),  is  often  seen ;  it  will  bf 

again  referred    to.     In    front  of  the  descending  part  of  the   helix   is   a  second 

elevation,  the  antihellx.     Single  below,  it  divides  superiorly  into  two  limbs,  termed 

the  cmra  antihelicls,  between  which 

is  a  triangular  depression,  the  fossa 

of  the  antihelix,  or  foasa  triaogularla. 

The  elongated  furrow  between  the  ^ 

helix  and  antihelix  is  named  the  cnu  uuheiic 

fossa  of  the  helix  or  scapha.     The  '"'"  * 

concavity  of  the  concha  is  over-    cnn.nuheii 

lapped  in  front  by  a  tongue-like  '=*^'" 

process,  the  trapia,  and  behind  by 

a  triaagular  projectiou,  the  anti- 

tragns ;  the  notch,  directed  down-  j^^ 

wards  and  forwards  between  these 

two  processes,  b  named  the  incisaia 

intertragica.      The    tragus    really  junit 

consists    of    two    tubercles,    the 

upper   of    which    constitutes    the         f'"-  578.— View  of  Outkr  Si'bfai'b  or  Left  PrNN* 

tuberculum   supratragicum  of  His,  Oi»ifii«ur«l.i»). 

and  is  separated  from  the  helix  by  a  groove,  the  sulcus  auria  anterior.     The  lobnlo 

(lobulus  auriculib)   is   situated   below  the  incisura  intertragica,  and   is  the  moat 

dependent  part  of  the  pinna. 

The  inner  or  cranial  surface  is  also  irregular,  and  presents  elevations  corre- 
sponding to  the  depressions  on  its  outer  surface,  e.g.  eminentia  concha,  enuaentia 

triangnlaris,  etc. 

The  pinna  ia  usually  smaller  and  more  finrly  modelled  in  the  female  than  in  the  male,  but 

presents  great  variationa  in  eize  and  shape  in  different  individnala.     In  the  newly-boro  child  its 

Uagtb  u  uboul  one-third  of  that  of  the  adult>  while  it  increases  Bliehtly  in  lenirth  and  br«»dlh 

in  old  age. 

The  relation  of  the  width  to  the  height  is  termed  the  auricular  index,  and  ia  eipr<wed  ai 

folloWB :—  ->  r 

length  of  pinna 
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This  index  is  1««8  in  white  than  in  dark  races. 

The  cepluIo-anTiciilar  angle  m&y  be  practicallj  absent,  as  in  those  cases  whei«  the  akin  of  the 
head  pasees  directly  on  to  the  outer  nurface  of  the  pinna,  or  it  may  be  increased  to  nearly  a  right 
angle,  so  that  the  outer  surface  of  the  pinna  looks  directly  forwards.  The  tnbercnliim  supeniu, 
the  significance  of  which  was  recognised  by  Darwin,  is  a  somewhat  trianguhir  prominence  which 
projects  forwards  when  the  helix  b  well  rolled  over,  but  backwards  and  upwards  when  the 
incurving  of  the  helix  has  be«n  arrested.  More  frequently  present  in  men  than  in  women,  it  is 
of  developmental  interest  since  it  has  been  shown  to  be  well  marked  at  the  sixth  mouth  of  f(cta1 
life,  the  entire  pinna,  at  this  stage,  resembling  in  appearance  that  of  the  adult  macaque. 

The  lobnla  may  be  small  and  sessile  or  considerably  elongated ;  it  may  adhere  to  the  skin  of 
the  cheek  {i,e.  webbed),  or  may  tend  to  bifurcate  at  its  lower  extremity. 

Structure  of  the  Pinna- — The  greater  part  of  the  pinna  consists  of  a  lamella 
of  yellow  fibro-cartilage,  the  cortilaco  anricnls ;  the  cartilage  is,  however,  absent 
from  the  lobule,  which  is  composed  of  fat  and  connective  tissue.     When  laid  bare, 
the  cartilaginous  lamella  (Fig&  579,  580)  presents,  in  au  exa^eraled  condition,  all 
the  inequalities  of  the  pinna,  and 
is  seen  to  be  prolonged  inwards,  to 
form  a  considerable  portion  of  the 
external    auditory    meatus.      The       ". 
cartilage  of  the  helix  projects  an- 
teriorly as  a  conical  eminence,  the 
spin*  helicis,  whilst  its  inferior  ex-       si. 
tremity  extends  downwards  as    a 

tail-like  process,  the  caoda  lielicis,        m  icmim  MrmiB»ii« 

which  is  separated  from  the  lower  ">' 

part  of  the  antitrf^ue  by  a.  fissure,  ■  «ni'"»e'cu« 

termed  the  flssma  aatitra(oh«licina.  ''U™'  "i,""'/'*'''' '  "^ '"' 

The  cartilage  of  the  pinna  is  con- 
tinuous with  that  of  the  meatus  by 
a  narrow  isthmuB  (isthmus  cartila- 
ginis  auris)  measuring  from  8-9  mm. 
in  breadth.  This  isthmus  corresponds  externally  with  the  deepest  part  of  the 
incisura  intertr^ca,  and  internally  it  forms  the  outer  boundary  of  a  deep  fissure, 
the  incisura  terminaUs  auiis,  which  separates  the  cartilage  of  the  meatus  from 
that  of  the  concha.  The  upper  edge  of  the  tragus  fits  into  an  angle  below  the 
crus  belicis. 

If  the  incisura  lerminalis  auris,  together  with  the  isthmus  and  the  incisura  intertragica,  be 
taken  as  representing  the  boundary  between  the  cartilage  of  the  pinna  and  that  of  the  meatus,  it 
follows  that  the  tragus  really  forms  a  part  of  the  meatal  cartilage. 

On  the  cranial  aspect  of  the  cartilage  (Fig.  580)  the  eminences  produced  by  the 

concha  and  fossa  triangularis  are  separated  by  a  transverse  furrow,  the  sulcus  aati- 

lulicis  tnuuTenns,  corresponding  with  the  crus  antiheltcis  inferior ;  further,  the 

eminentiaconchse  is  crossed  horizontally 

by  a  groove,  the  sulcus  cruris  helicis,  and 

almost  vertically  by  a  slight  ridge,  the 

ponticultia :    the   latter    indicates    the 

"*'"  attachment  of  the  M.  auricularis  pos- 

"""^  terior, 

j^y^^,^^  Inadditiontothe  fissures  described, 

je  or  others,  termed  the  fiasnres  of  Santorini, 

are  found,  usually  one  in  the  tragus 

'i,,     and  one  or  more  in  the  cartilage  of  the 

c»..d.heiici.  meatus. 

not  Ligaments  of  the  Pinna. — The 
cartilage  of  the  pinna  is  attached  to 
f  Pinna  ^^^Q  ekaH  by  two  fibrous  bands  which 
form  its  extrinsic  ligaments,  viz. :  an 
anterior,  stretching  from  the  zygoma  to  the  spina  helicis  and  tragus ;  and  a  poeterior, 
passing  from  the  eminentia  conchfe  and  upper  wall  of  the  meatus  to  the  mastoid 
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process.     Small  ligamentous  bands  pass  between  individual  parts  of  the  pinna^  and 
form  what  are  termed  its  intrinsic  ligaments. 

Muscles  of  the  Pinna  (Figs.  579,  580). — The  muscles  of  the  pinna  are  divided 
into  two  groups,  extrinsic  and  intrinsic.  The  extrinsic  muscles  pass  from  the  pinna 
to  the  skull  or  scalp,  and  are  described  in  the  section  on  Myology.  The  inthnaic 
muscles,  on  the  other  hand,  are  confined  to  the  pinna  and  are  six  in  number,  four 
on  its  outer  and  two  on  its  cranial  aspect. 

(a)  071  the  outer  surface  (Fig.  579) — 

1.  M.  helicifl  major,  passes  upwards  from  the  spina  helicis  along  the  ascending 
part  of  the  helix.  2.  M.  helicis  minor,  covers  the  crus  helicis.  3.  M.  tragicus, 
quadrangular  in  shape,  consists  of  fibres  running  vertically  over  the  greater 
part  of  the  tragus.  Some  of  its  fibres  are  prolonged  upwards  to  the  spina  helicis 
and  constitute  the  m.  pyramidalis.  4.  M.  antitragicos,  covers  the  antitragus 
and  passes  obliquely  upwards  and  backwards  as  far  as  the  antihelix  and  cauda 
helicis. 

(6)  On  the  cranial  surface  (Fig.  580) — 

1.  M.  transversus  auricula,  consists  of  scattered  fibres,  which  stretch  from  the 
eminentia  conchae  to  the  convexity  of  the  helix.  2.  M.  obliQuus  aniicnls  (Tod), 
comprises  a  few  fasciculi,  which  run  obliquely  or  vertically  across  the  furrow  corre- 
sponding with  the  crus  antihelicis  inferior.  A  small  muscle,  the  stylo-auricularis, 
sometimes  extends  from  the  root  of  the  styloid  process  to  the  cartilage  of  the 
meatus. 

Skin  of  the  Pinna. — The  skin  covering  the  pinna  is  thin  and  smooth,  and  is 
prolonged  inwards,  in  the  form  of  a  tube,  as  a  lining  to  the  external  auditory 
meatus.  It  adheres  firmly,  on  the  outer  surface  of  the  pinna,  to  the  subjacent 
perichondrium.  Hairs  are  well  developed  on  the  tragus  and  antitragus,  and  also  in 
the  incisura  intertragica,  forming  the  barbula  hirci,  which  guard  the  entrance  to  the 
concha.  Soft  downy  hairs  are  found  over  the  greater  part  of  the  pinna  and  point 
towards  Darwin's  tubercle.  Sebaceous  glands,  present  on  both  surfaces  of  the  pinna, 
are  most  numerous  in  the  concha  and  fossa  triangularis.  Sweat  glands  are  found 
on  both  surfaces,  but  are  much  more  numerous  on  the  cranial  aspect. 

Vessels  of  the  Pinna. — The  arteries  for  the  pinna  are  derived — (a)  firom  the  superficial  tem- 
poral, which  Bends  two  or  three  branches  to  the  outer  surface ;  and  (6)  from  the  posterior  auricular, 
which  gives  three  or  four  branches  to  the  cranial  surface.  From  the  latter  two  sets  of  twigs  are 
prolonged  to  the  outer  surface,  one  turning  round  the  free  margin  of  the  hehx,  and  the  other 
passing  through  small  fissures  in  the  cartilage.  The  veins  from  the  outer  surface  open  into  the 
superficial  temporal  vein ;  those  from  the  cranial  surface  chiefly  join  the  posterior  auricular  vein, 
but  some  communicate  with  the  mastoid  emissary  vein.  The  lymphatics  take  three  directions, 
viz. :  (a)  forwards  to  the  parotid  lymphatic  glands,  and  especially  to  the  preauricular  gland  in 
front  of  the  tragus ;  (6)  downwards  to  the  lymphatic  glands  which  accompany  the  eztemal  jumlar 
vein,  and  to  the  glands  under  the  stemomastoid ;  and  (c)  backwards  to  the  mastoid  lymphatic 
glands. 

Nerves  of  the  Pimuu — The  muscles  of  the  pinna  are  supplied  by  the  seventh  cranial  nerve. 
The  skin  receives  its  sensory  nerves  from — (a)  the  great  auricular,  which  supplies  nearly  the 
whole  of  the  cranial  surface,  and  sends  filaments  in  company  with  the  branches  of  the  posterior 
auricular  artery  to  the  outer  surface ;  (h)  the  auriculo-temporal,  which  supplies  the  tragus  and 
ascending  part  of  the  helix ;  (e)  the  small  occipital,  which  sends  a  branch  to  the  upper  part  of  the 
cranial  suiiace. 

External  Auditory  Meatus. 

The  external  auditory  meatus  (meatus  acusticus  externus)  (Figs.  580,  581)  is 
the  passage  leading  inwards  from  the  concha  as  far  as  the  membrana  tympani.  Ib$ 
average  length,  measured  from  the  bottom  of  the  concha,  is  about  one  inch 
(24  mm.),  but,  if  measured  from  the  level  of  the  tragus,  nearly  one  inch  and  a 
half  (35  mm.)  On  account  of  the  obliquity  of  the  membrana  tympani  its  anterior 
and  inferior  walls  are  longer  than  the  posterior  and  superior.  The  tube  consists  of 
two  parts,  viz. :  (a)  an  external  fibro-cartila^ons  portion,  the  pars  cartilaginea, 
having  a  length  of  about  8  mm. ;  and  (b)  an  internal  osseous  portion,  the  pars  ossea, 
measuring  about  16  mm.,  and  formed  by  a  portion  of  the  temporal  bone.  The 
entire  meatus  forms  a  somewhat  S-shaped  bend  (Fig.  582),  and  may  be  divided  into 
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three  portioDS,  viz.:  (1)  pan    externa,  directeil  irtwardB,  Ibrwarda,  and   alightly 
upwards  for  about  7  mm. ;  (2)  pare  media,  inclining  inwards  and  fmckwards  for 
about  5  mm. ;   (3) 
pars     interna,    the 

longest  of  the  three,  "  ""■"  "' '  ,  mnilielici,  mtenor 

passing  for  wards,  in-  ,(,  p„,„,„^ 

wards,  and  slightly  enityi^nku» 

downwards.      On  Jcn^u,  '"''i™ 

transverse    section  q^^^^,  t™'''" 

the  canal  is  seen  to  Meiubnn*  t^r*  cmtiiiciiiM  oi 

be  elliptical,  its  'i"!""'  :V™mnch*'^ "'"''"'' 

greate.''t     diameter 

having  an  inclina-  "  "'  ^rj- 

t  ion  down  wards  and  ii^i'in  intennKlca 

backwards.  Widest 
at  its  outer  ex- 
tremity, it  becomeH 
somewhat  iiai rower 

at  the  inner  end  of 

the         paw         Cartila-  p,^,  SSl. -vertical   TRANSVEnSE    SkCTIOS    ..K    Ru^HT    E,M.  :    ANTEBIOB    H.^^.F 

ginea  ;     OUCe     mon-  cc  -Iectmn,  vieweil  from  l*hiji.l  [ii:iliiral  siz,-;. 

expanding    in    the 

outer  part  of  the  pars  OE.sea,  it  is  again  constricted  near  tlie  inner  end  of  the  latter, 
where  its  narrowest  part,  or  isUunoa,  is  found  at  a  distance  of  a)x)ul  19  mm.  from 
the  bottom  of  the  concha.  The  inner  extremity  of  the  meatus  is  nearly  circular 
and  is  closed  by  the  membrana  tympani. 

Bczold  gives  the  dianietei-s  of  the  ineHiua  us  follows  :— 

GrealP't.  L*h'1. 

,\t  the  commencement  of  the  pars  cartilagiui'H.  9'08  mm.  6-o4  mm. 

At  the  end  „  .,  779  nuu.  o'99  mm. 

At  the  commencement  of  the  pant  ossca  S-G7  mm.  C'OT  mm. 

At  the  end  ..  „       ..  ...  Ml  3  mm.  4-60  mm. 

The  lumen  of  the  pars  cartilaginea  is  influenced  by  the  movements  of  the 
lower  jaw,  being  increased  when  the  jaw  is  depressed.     This  can  be  easily  verified  by 

inserting  a  finger  into 

thcmentus.and  thenal- 

ternately  opening  and 

Corn  shutting  the  mouth. 

m  ""'^  The  condyle  of  the 

lynipsui  jaw  lies  in  front  of  the 
"'  pars  osaea,  while   be- 

tween the  jaw  and  the 
"  pars  cartilaginea  there 

intervenes  a  portion  of 
the  parotid  gland.  Be- 
low  the  meatus  is  the 
retro -mandibular  part 
of  the  parotid  gland. 
Behind  the  pars  ossea, 
and  separated  from  it 

—     ,o..     ,.  c  ,.        ^       .-        ..  Ijya  thin  plate  of  bone, 

Fig.  5Ra,  — Horizontal  Section  turotoh  Kfoht  Ear;  Ipprr  Half  ok        •'      ,,       '^       ^   ., 

Sbction    fta  from  lielow  (natural  siieV  *11^     the    mastoid     air- 

cells. 
Struoture  of  the  Meatue. — The  cartilage  of  the  meatus,  directly  continuous 
with  that  of  the  pinna,  is  folded  on  itself  to  form  a  groove,  opening  upwards  and 
backwards,  the  margins  of  which  are  connected  by  fibrous  tissue.  The  inner  end  of 
the  cartilage  is  firmly  fixed  to  the  outer  margin  of  the  bony  meatus,  whilst  its  outer 
extremity  is  continuous  with  the  cartilage  of  the  tragus  (vide  p.  745).     A  couple  of 
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fissures,  the  flssnres  of  Santorini,  exist  in  the  anterior  portion  of  the  cartilage  of  the 
meatus,  and  are  filled  by  fibrous  tissue.  In  the  outer  part  of  the  meatus  the  cartilage 
forms  about  three-fourths  of  its  circumference ;  but,  on  passing  inwards,  the  propor- 
tion of  cartilage  to  fibrous  tissue  diminishes,  with  the  result  that  near  the  inner 
end  of  the  pars  cartilaginea  the  cartilage  forms  merely  a  part  of  the  anterior  and 
lower  boundaries  of  the  canal. 

The  osseous  portion  (pars  oesea)  of  the  meatus  is  described  on  p.  117;  but  it  may  be 
well  to  state  here  that  in  the  newly-bom  child  it  is  represented  only  by  an  inoomplet^t^ 
ring  of  bone,  the  annnlus  tympanicus,  together  with  a  small  portion  of  the  squamous 
temporal,  which  articulates  with,  and  bridges  over  the  interval  between,  the  extremities  of  the 
ring  superiorly.  In  the  concavity  of  the  annulus  lb  a  well-defined  groove,  the  sqIcob  tympanicos, 
in  which  the  circumference  of  the  membrana  tympani  is  fixed.  On  the  inner  aspect  of  the 
anterior  part  of  the  annulus,  a  little  below  its  free  extremity,  a  groove,  the  sulcus  malleolaris,  is 
directed  downwards  and  forwaitls.  It  transmits  the  processus  gracilis  and  anterior  ligament 
of  the  malleus,  the  tympanic  artery  and  the  chorda  tympani  nerve.  It  is  limited  above  by  a 
well-marked  ridge,  the  crista  spin&rum  of  Henle,  which  ends  in  front  and  behind  in  a  spinous 

J)rocess  (spina  tympanica  anterior  and  rposterior),  Below  the  sulcus  malleolaris  there  in  a  second, 
ess  prominent  ridge,  the  crista  tympanica  of  Gruber,  which  subsequently  unites  with  a  process 
of  the  tegmen  tympani,  and  so  shuts  off  the  canalis  musculo-tubarius  from  the  Glaserian  fissure. 
A  fibrous  plate,  the  tympanic  fibrous  plate  (Symington),  intervenes  between  the  annulus 
tympanicus  and  the  inner  end  of  the  cartilage  of  the  meatus,  and  into  this  plate  the  bony  ring 
extends.  The  bony  outgrowth  does  not,  however,  proceed  imiformly  throughout  its  cinnini- 
ference,  but  occurs  most  rapidly  in  the  anterior  and  posterior  parts  of  the  ring.  These  outgrowths 
fuse  about  the  end  of  the  second  year  of  life,  so  as  to  surround  a  foramen  in  the  floor  of  the 
meatus  (foramen  of  Huschke),  whi<'.h  is  usually  closed  by  the  fifth  year,  but  persists  until  adult 
life  in  some  19  per  cent  of  skulls  (Biirkner). 

The  lumen  of  the  meatus  in  the  newly-bom  child  is  extremely  small :  its  outer  part  is  funnel- 
shaped  ;  its  inner  a  mere  slit,  bounded  below  by  the  tympanic  fibrous  plate  and  above  by  the 
obliquely-placed  membrana  tympani. 

The  skin  which  envelopes  the  pinna  lines  the  entire  meatus,  and  covers  also  the 
outer  surface  of  the  tympanic  membrane.  It  is  thick  in  the  pars  cartilaginea,  and 
contains  fine  hairs  and  sebaceous  glands,  the  latter  extending  inwards  for  some 
distance  along  the  postero-superior  wall  of  the  pars  ossea.  The  sweat  glands 
are  enlarged  and  of  a  brownish  colour ;  they  constitute  the  glandola  cemminoBS 
and  secrete  the  ear  wax  or  cerumen. 

Vascular  and  Nenroos  Supply  of  the  Meatus. — The  meatus  receives  its  blood-supply  from 
the  posterior  auricular  and  superficial  temporal  arteries,  and  also  from  the  deep  auricumr  branch 
of  the  internal  maxillary  artery,  the  last  distributing  some  minute  branches  to  the  membrana 
tvmpani.  The  veins  open  into  the  external  jugular  and  internal  maxUlary  veins,  and  also  into 
the  pterygoid  plexus,  while  the  lymphatics  have  a  similar  mode  of  termination  to  those  of  the 
pinna.  Sensory  nerves  are  siipplied  to  the  meatus  by  the  auriculo-temporal  branch  of  the  fifth 
and  by  the  auricular  branch  of  the  vagus. 
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The  tjonpanic  cavity  (cavum  tympani)  is  a  small  air  chamber  in  the  temporal 
bone,  which  intervenes  between  the  membrana  tympani  and  the  outer  wall  of  the 
internal  ear  or  labyrinth  (Figs.  581,  682).  lined  by  mucous  membrane,  it  contains 
a  chain  of  ossicles  (ossicula  auditus)  which  reaches  from  its  outer  to  its  inner  wall, 
and  by  means  of  which  the  vibrations  of  the  membrana  tympani  are  transmitted 
across  the  cavity  to  the  internal  ear.  Attached  to  the  ossicles  are  several  ligaments, 
together  with  a  pair  of  small  muscles,  while  certain  nerves  are  either  distributed 
to  the  cavity  or  pass  through  it. 

The  tympanic  cavity  consists  of  two  portions :  (1)  The  tympanum  ptroper,  or 
atrium,  lying  immediately  to  the  inner  aspect  of  the  membrana  tympani ;  and  (2) 
the  recessuB  epitympanicuB,  lying  above  the  level  of  the  membrane  and  containing 
the  greater  part  of  the  incus  and  the  upper  half  of  the  malleus.  Including  this 
recess,  the  vertical  and  antero-posterior  diameters  of  the  tympanic  cavity  are 
rather  more  than  half  an  inch  (15  mm.)  The  distance  between  its  outer  and 
inner  walls  is  about  6  mm.  above  and  4  nam.  below,  while  at  its  central  part, 
owing  to  the  bulging  of  the  two  walls  towards  the  cavity,  it  measures  only 
from  li  to  2  nmi. 
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The  tympanic  cavity  presents  for  examioatioD  a  roof,  a  floor,  and  four  vails,  viz. 
anterior,  poeterior,  external,  and  internal. 

The  roof  (Fig.  583)  (paries  t^mentalis)  ia  formed  by  a  thin  plate  of  bone,  the 
♦jgnuHi  tympani,  constituting  a  portion  of  the  upper  surface  of  the  petroua-temporal. 
It  extends  backwards  so  as  to  cover  in  the  mastoid  antrum,  and  forwards,  to  form 


Pymiiici 
Blnoi  trmpinl 


Fw.  589.— Sbction  TimocaH  Lim  Tbmporal  Bosk,  showing  inner  wall  of  tymiunk  e»ritj-,  etc. 

the  roof  of  the  canal  for  the  tensor  tympani  muscle.  It  separatee  the  tympanum 
and  antrum  from  the  cranial  cavity,  and  may  contain  a  few  air-cells,  whilst  occasion- 
ally it  is  partly  deficient.  In  the  child  its  outer  edge  corresponds  with  the  petro- 
squamous suture.  The  floor  (fundus  tympani  seu  paries  jugularis)  is  narrower  than 
the  roof,  and  consists  of  a  thin  plate  of  bone  which  separates  the  cavity  from  the 
fossa  jugularis ;  anteriorly,  it  extends  upwards  and  becomes  continuous  with  the 
posterior  wall  of  the  carotid  canal.  The  inner  orifice  for  Jacobson's  nerve,  or 
tympanic  branch  of  Rec™ii.H  c  it  n.  ui.iifii> 

the  glosBo-pharyn-  hmlh  cpi  )ii.[«.idii> 
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depression,  the  fossa         '''"''  '""^  "'""'»»"•  A'^"''''  ""  "'^  tyn,pBno.|„nlU.otar  foUK      X  3. 

incudis  (Fig.  584),  which  lodges  the  exLroinily  of  the  sborb  process  of  the  iucus ;  this 
fossa  is  situated  in  the  postero-inferior  part  of  the  recessus  epitympanicus.  (3)  A 
minute  conical  bony  projection,  the  pyramid  or  eniinentia  pyrauiidali8(Fig.  583),  the 
summit  of  which  is  perforated  by  a  round  aperture  for  the  passive  of  the  tendon  of 
the  stapedius  muscle.  This  ajierture  is  continued  downwards  and  backwards  as  a  canal 
in  front  of  the  Fallopian  aqueduct,  and  frequently  opens,  by  a  minute  orifice,  on  the 
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base  of  the  skull  in  front  of  the  stylo-mastoid  foramen.  It  communicates  with  the 
Fallopian  aqueduct  bj  one  or  two  small  foramina,  through  which  the  vessels  and  nerve 
pass  to  reach  the  stapedius  muscle.  A  minute  spicule  of  bone  often  extends  from  the 
pyramid  to  the  promontory  on  the  inner  wall  of  the  tympanum.  (4)  A  small  aperture, 
the  apertura  tympanica  canaliculi  chordsB  (Fig.  584),  which  is  situated  immediately 
internal  to  the  posterior  edge  of  the  membrana  tympani,  nearly  on  a  level  with  the 
upper  end  of  the  manubrium  mallei,  and  transmits  the  chorda  tympani  nerve.  (5) 
A  rounded  eminence,  the  prominentia  styloidea,  is  sometimes  seen  below  the  last ; 
it  is  caused  by  the  upward  and  forward  prolongation  of  the  styloid  process. 

The  anterior  wall  (paries  carotica)  is  narrowed  in  its  transverse  diameter  by 
the  approximation  of  the  outer  and  inner  boundaries  of  the  cavity,  and  in  its 
vertical  diameter  by  the  descent  of  the  roof  and  ascent  of  the  carotid  canaL  It 
presents  (Fig.  583)  two  parallel  canals,  one  above  the  other,  separated  by  a  thin 
lamella  of  bone,  the  processus  cochleariformis  (septum  canalis  musculo-tubarii). 
These  run  forwards  on  the  outer  wall  of  the  carotid  canal  and  open  in  the  angle 
between  the  petrous  and  squamous  parts  of  the  temporal  bone.  The  higher  and 
smaller  of  the  two  is  termed  the  canal  for  the  tensor  tympani  muscle  (semicanaUs 
m.  tensoris  tympani),  and  lies  immediately  below  the  tegmen  tympani.  It  has  a 
diameter  of  about  2  mm.,  and  extends  on  to  the  inner  wall  of  the  tympanic  cavity 
above  the  anterior  part  of  the  fenestra  ovalis.  The  lower  and  larger  canal  gradu- 
ally increases  in  size  from  before  backwards,  and  forms  the  bony  part  of  the 
Eustachian  tube  (semicanaUs  tubag  auditivae).  It  opens  on  the  anterior  wall  of  the 
tympanic  cavity  opposite  the  orifice  leading  into  the  mastoid  antrum.  Below  the 
orifice  of  the  Eustachian  tube  the  anterior  part  of  the  tympanic  cavity  is  separated 
from  the  ascending  portion  of  the  carotid  canal  by  a  thin  plate  of  bone  in  which 
there  are  sometimes  gaps  or  deficiencies.  It  is  perforated  by  a  small  canal,  the 
carotico-tympanio  canal,  which  transmits  the  small,  deep  petrosal  nerve  from  the 
sympathetic  plexus  of  the  carotid  artery  to  the  tympanic  plexus.  The  Eustachian 
tube  is  described  on  p.  753. 

The  outer  wall  (paries  membranacea)  is  formed  almost  entirely  by  the  mem- 
brana tympani  (Fig.  584),  which  closes  the  inner  extremity  of  the  external  auditory 
meatus,  and  is  fixed  throughout  the  greater  part  of  its  circumference  in  a  groove, 
the  sulcus  tympanicus.  The  bony  ring  containing  this  sulcus  is  deficient  superiorly 
where  it  exhibits  a  distinct  notch,  the  notch  of  Bivinus.  On  a  level  with  the  upper 
edge  of  the  membrane,  and  in  front  of  the  ring  of  bone  in  which  it  is  fixed,  is  tbe 
inner  end  of  the  Glaserian  fissure,  or  remnant  of  the  flssura  petro-tympanica.  This 
transmits  the  tympanic  branch  of  the  internal  maxillary  artery,  and  lodges  the 
processus  gracilis  and  anterior  ligament  of  the  malleus.  Close  to  the  inner 
extremity  of  the  fissure  is  the  canal  of  Hugnier,  or  iter  chorda  antezius  through 
which  the  chorda  tympani  nerve  leaves  the  tympanum. 

Membrana  Tympani. — This  is  an  elliptical  disc,  its  greatest  diameter,  9  to 
10  mm.,  being  directed  from  above  and  behind,  downwards  and  forwards,  whilst 
its  least  diameter  is  from  8  to  9  mm.  Its  antero-inferior  portion  inclines  markedly 
inwards,  and  thus  the  membrane  is  placed  very  obliquely,  forming  an  angle  of 
about  55''  with  the  lower  and  anterior  walls  of  the  external  auditory  meatus ;  its 
antero-inferior  part  is,  therefore,  most  distant  from  the  outer  orifice  of  the  meatus. 
The  membrane  is  said  to  be  more  oblique  in  cretins  and  deaf  mutes,  and  more  per- 
pendicular in  musicians. 

The  circumference  of  that  portion  of  the  membrane  which  is  fixed  in  the  sulcus 
tympanicus  is  considerably  thickened,  and  is  named  the  annulus  fibro-cartilagineus. 
It  is  prolonged  from  the  anterior  and  posterior  extremities  of  the  notch  of  Rivinus 
to  the  short  process  of  the  malleus  in  the  form  of  two  ligamentous  bands,  the 
anterior  and  posterior  malleolar  folds  or  ligaments  (plica  malleolaris  anterior  et 
posterior).  The  small  triangular  portion  of  the  membrane  (Fig.  584)  situated  above 
these  folds  is  thin  and  lax,  and  constitutes  the  pars  flaccida  or  membrane  of 
Shrapnell;  the  main  portion  of  the  membrane  is,  on  the  other  hand,  tightly 
stretched  and  termed  the  pars  tensa.  A  small  orifice,  sometimes  seen  in  the  pars 
flaccida,  is  probably  either  a  pathological  condition  or  has  been  artificially  pro- 
duced during  manipulation.     The  handle  of  the  malleus  is  firmly  fixed  to  the  inner 
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surface  of  the  membrana  tjmpant  and  draws  its  central  portion  inwards,  rendering 
its  outer  aspect  concave.  The  deepest  part  of  this  concavity  corresponds  with  the 
lower  extremity  of  the  handle  of  the  malleus,  and  is  named  the  umbo  membraiUB 
tympanffi  or  naveL 

The  membrane  tympani  consLsts  of  three  lajere:  (1)  external,  integumentary 
(stratum  cutaneum) ;  (2)  middle,  fibrous  (membrana  propria) ;  (3)  internal,  mucous 
{stratum  mucosum). 

The  external  layer  (stratum  cutaneum)  ia  continuous  with  the  integumentary 
lining  of  the  meatus,  and  consists  of  a  thin  layer  of  cutis  covered  by  epidermis. 
The  cutis  is  thickest  near  the  circumference;  the  epidermis,  on  the  other  hand,  is 
thickest  near  the  centre  of  the  membrane. 

The  middle  layer  (membrana  propria)  consists  of  two  sets  of  fibres :  (a)  external 
or  radial  (stratum  radiatum),  situated  immediately  under  the  integument,  and 
radiating  from  the  handle  of  the  malleus  to  the  annulus  fibro-cartilagineus ; 
(h)  internal  or  drcular  (stratum  cireulare),  the  fibres  of  which  are  numerous 
near  the  circumference,  but  scattered  and  few  in  number  near  the  centre  of 
tlie  membrane  (Fig.  684).  Both  radial  und  circular  fibres  are  absent  from  the  pars 
fiaccida,  which  is  constituted  merely  by  the  apposition  of  the  cutaneous  and  mucous 
layers.  Gruber  pointed  out  that,  in  luidition  to  the  radial  and  circular  fibres,  there 
exists,  next  the  stratum  mucosum,  a  series  of  dendritic  or  branched  Jibres,  which 
are  best  developed  in  the  posterior  part  of  the  membrane. 

The  internal  layer  (stratum  mucosum)  ia  coutinuous  with  the  general  mucous 
lining  of  the  tympanum.  It  is  thicker  over  the  upper  part  of  the  membrane  than 
near  its  centre,  and  ia  covered  by  pavement  epithelium. 

Otoacopic  Examination  of  the  Tympanic  BCembraue  (Fig.  58s).— The  membraue,  in  the 
living,  is  ot  a  "pearl-gray  "  colour,  bnl  may  present  a  reddish  or  yellowish  tinge,  de)iending  upon 
the  condition  of  itamuwiis  lining  and  on  tb«  condition  of  the  cutaneous  lining  of  the  meatus;  the 
posterior  segment  is  usually  tlcaivj 

than  the  anterior.     At  the  antero-  Po»i«riortympiiDO- 

BUperior  part,  cloBe  to  its  perijihery,  iinlleolir  LkT 
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the  short   process   of  the  niallena.    ^''  iiicu. 

Pausing  downwards  and  bactwarde  PosMro-nnpnior 

from  tnis  point  to  the  umbo  is  a  ijuiiiiniiit 

idge  caused  b' 
_q»Upub,  the  ! 
«hicb     appears     rounded. 
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backwards  and  upwards.      Behind,    p-jo.  6B5.— Lbft  TruFANto  Membkine  {u  vieweii  ftnni  the  external 

and  near  the  lower  extremity  of  the  sudilory  meatua).      x  3. 

handle  of  thf  malleus,  ia  a  reddiali 

or  yclloniBh  spot,  due  to  the  proinouhiry  of  the  inner  tympanic  wall  shining  through.     If  the 

membrane  be  very  transparent,  the  long  process  of  the  incua  may  be  visible  behind  the  upper 

part  of  the  handle  of  the  malleus,  and  reaching  downwaide  as  far  as  ila  middle.     From  the  lower 

end  of  the  handle  of  the  malleus,  the  "  cone  of  light "  or  "  luminous  triangle "  extends  down- 

wanls  and  forwards,  ila  apex  being  directed  towards  the  handle  ;  this  triangle  varies  in  size  in 

difft^rent  people.     A  line  prolonging  the  handle  downwards  divides  the  membrane  into  two  parte, 

while  another,  drawn  at  right  angles  to  this  through  the  unibo,  will  subdivide  it  into  four  (juad- 

ranta,  vit  postero-auperior,  postero-infericr,  ante ro -superior,  and  an tero- inferior ;  this  aulxliviaion 

is  useful  in  enabling  the  otologist  to  localise  and  describe  accurately  the  seat  of  lesions  in  the 

membrane. 

Vascnlar  and  Nerrons  Supply  of  the  Uembrana  TympanL— The  arteries  are  arranged  in 
two  s<!ts,  one  on  the  cutaneous  and  another  on  the  niucou.-<  surface.  These  anastomose  by  means 
of  small  branches  which  pierKe  tlie  membrane,  eaiiecially  near  its  periphery.  The  first  set  is 
chiefly  derived  from  the  deep  auricidar  branch  of  the  internal  maxillary,  whilst  thrae  on  the 
mucoiiB  surface  are  small  and  proceed  from  the  tynijianic  branch  of  the  internal  maxillary,  and 
from  the  Btylo-mastoid  branch  of  the  postirior  auricular.  The  veiSB  from  the  cutaneous  surface 
optn  into  the  eiWnial  jugular ;  those  from  the  inner  surface  partly  into  the  venoua  plexus  on 
the  Euatachian  tube,  and  partly  into  the  lateral  sinua  and  veui3  of  the  dura  mater.  The  outer 
Hiirface  of  the  membrane  receives  its  nsrvM  fnini  the  aunculo-t^mporal  branch  of  the  fifth  and 
from  the  auricular  branch  of  tlie  vugua  ;  the  inner  surface,  from  the  nerve  of  Jacobson  (tympanic 
bruii<;b  of  the  glueso -pharyngeal).     The  lymphatics,  like  the  blood-vessels,  are  arranged  in  two 
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sets,  cutaneous  and  mucous,  which,  however,  communicate  freely  with  each  other.     Kessel  ht^ 
described  as  lymphatics  the  spaces  between  the  branches  of  Gruber's  dendritic  fibres. 

The  inner  wall  of  the  tympanic  cavity  (paries  labyrinthica)  is  formed  by  the 
outer  surface  of  the  internal  ear  or  labyrinth  (Fig.  583).     It  presents — (1)  a  rounded 
eminence,  the  promontory  (promontorium),  which  is  caused  by  the  first  coil  of  the 
cochlea,  and  is  grooved  for  the  tympanic  plexus  of  nerves.     (2)  An  oval  or  some- 
what reniform  opening,  the  fenestra  ovalis  sea  vestibuli,  which  is  situated  above 
and  behind  the  promontory,  with  its  long  axis  directed  from  before  backwards. 
It  measures  3  mm.  in  length  and  IJ  mm.  from  above  downwards,  and  lies  at  the 
bottom  of  a  funnel-shaped  recess,  the  fossnla  fenestra  vestibnlL     In  the  macerated 
bone  it  leads  into  the  vestibule  of  the  labyrinth,  but  is  closed  in  the  recent  state 
by  the  foot  of  the  stapes,  surrounded  by  its  ligamentnm  annulare.     (3)  An  elevation, 
the  prominentia  canalis  facialis,  which  is  situated  above  the  fenestra  ovalis,  in  the 
recessus  epitympanicus.     This  indicates  the  position  of  the  upper  part  of  the 
aqueduct  of  Fallopius,  which  contains  the  facial  nerve  and  is  continued  backwards 
and    downwards    behind    the    tympanic    cavity,  to   end    at    the   stylo  -  mastoid 
foramen.     (4)  The  processus  cochleariformis,  or   septum  canalis  musculo-tubarii ; 
this  process  extends  backwards,  above  the  anterior  end  of  the  fenestra  ovalis,  where 
it  makes  a  sharp  outward  curve,  and  forms  a  pulley  over  which  the  tendon  of  the 
tensor  tympani  muscle  plays.     (5)  A  funnel-shaped  recess,  the  fosaula  fenestrc 
cochlesB,  which  is  situated  behind  and  below  the  promontory,  and  almost  hidden  by 
its  overhanging  edge.     It  leads  forwards,  upwards,  and  inwards  to  an  irregularly 
oval  opening,  termed  the  fenestra  rotunda  sen  cochlea,  which  in  the  macerated  boDc 
communicates  with  the  cochlea,  but  in  the  recent  state  is  closed  by  a  membrane 
the  membrana  tympani  secundaria.     This  membrane  appears  angularly  bent  along  a 
line  joining  its  antero-inferior  two-thirds  with   the  postero-superior   third.    It 
consists  of  three  layers:  (a)  external,  continuous  with  the  mucous  lining  of  the 
tympanum   and  containing  a  network  of  capillaries;   (6)   middle,   or  substantia 
propria,  the  fibres  of  which  radiate  chiefly  towards  the  periphery  of  the  membraoe 
— some  branched,  dendritic  fibres  are  also  present ;  (c)  internal,  continuous  with 
the  epithelial  lining  of  the  labyrinth.     (6)  Between  the  fenestra  ovalis  alx)ve  and 
the  fossnla  rotunda  below  is  a  small  circular  depression,  the  sinus  tympani,  which  i? 
perforated  by  one  or  two  minute  foramina  for  blood-vessels,  and  indicates  the 
position  of  the  ampullated  extremity  of  the  posterior  semicircular  canal. 

Mastoid  Antrum  and  Mastoid  Air-cells. 

The  mastoid  antrum  (antrum  mastoideum  sen  tympanicum)  is  seen  in  the  tem- 
poral bone  at  birth  as  a  cavity,  having  a  vertical  measurement  of  7-9  mm.  and  a 
transverse  of  9-11  mm.,  and  is  nearly  as  large  in  the  newly-born  child  as  in  the 
adult.  Eoofed  in  by  the  tegmen  tympani,  its  floor  and  inner  wall  are  formed  by 
the  petro-mastoid,  while  externally  it  is  closed  by  the  junction  of  the  thin  outer 
part  of  the  squama  with  the  pars  mastoidea.  It  communicates  with  the  epitympaiiic 
recess  by  a  triangular  or  rounded  opening,  on  the  inner  w«dl  of  which,  immediately 
above  and  behind  the  canalis  facialis,  is  a  smooth,  convex  area  of  bone  indicating  the 
position  of  the  ampullated  extremities  of  the  superior  and  external  semicircular 
canals.  At  birth  its  outer  wall  has  a  thickness  of  only  1-2  mm.,  but  by  the  ninth 
year  this  has  increased  to  about  10  mm.  Coincident  with  the  growth  of  tlie 
mastoid  process  the  mastoid  air-cells  are  developed  downwards  and  backwards  a^ 
diverticula  from  the  antrum,  and  present  the  greatest  possible  variations  in  diflfereni 
skulls.  They  may  be  large,  comparatively  lew  in  number,  and  involve  the  whoh- 
process,  in  which  case  the  compact  bone  which  surrounds  them  is  extremely  thin, 
and  the  innermost  cells  are  only  separated  by  a  transparent  lamella  from  the  lateral 
sinus — a  lamella  which,  in  some  instances,  is  partly  deficient.  In  other  cases  the 
cells  may  be  small  and  numerous,  only  invading  a  portion  of  the  process,  the  remainder 
consisting  of  diploetic  tissue.  No  definite  conclusion  can  be  come  to  as  to  their 
condition  by  external  percussion  or  examination.  A  solid  process  is  occasionally 
seen.  The  air-cells  are  not  limited  to  the  mastoid  process,  but  extend  forwards 
over  the  roof  of  the  meatus,  upwards  towards  the  squama,  and  inwards  towards  the 
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temporo-occipital  suture,  whilst  in  a  few  caees  they  are  eeen  to  invade  the  pars 
jugularis  of  the  occipital  hone.  They,  together  with  the  antrum,  are  lined  by  thin 
mucouH  membrane  continuous  with  that  of  the  tympanic  cavity ;  the  deep  surface 
of  the  mucous  membrane  is  firmly  fixed  to  the  periosteum,  while  its  free  surface  is 
covered  by  a  layer  of  flattened,  non-ciliated  epithelium. 

Eustachian  Tdbe. 

The  EDBtachiui  tube  (tuba  auditiva  Eustachii)  leads  from  the  tympanic  cavity  to 
the  naso-pharynx,  and  transmits  air  to  the  former,  in  order  that  the  pressure  on  the 
inner  and  outer  surfaces  of  the  membrana  tympani  may  be  equalised ;  it  may  also 
serve   to  convey  mucoiis  secretion  away  from  the  tympanic  cavity.     Its  outer 
extremity,  the  ostium  tympanicum  tubs  anditlTie  (Fig.  583),  opens  into  the  anterior 
part  of  the   tympanic  cavity   below  the  canal  for   the  tensor   tympani  muscle. 
Directed  downwards  and  inwards,  the  tube  ends  on  the  upper  part  of  the  naso- 
pharynx by  a  wide  orifice,  the  ostium  pharmgeum  tnbtB  anditiTO  (Fig.  555).     It 
measures  about  an  inch  and  a  half  (36  mm.) 
in  length,  and  fonns  with  the  horizontal 
plane  an  angle  of  30°  to  40°, with  the  s^ttal 
plane  an  angle  of  about  45°,  and  with  the 
bony  part  of  the  external  meatus  one  of 
135°  to  140°.     It  consists  of  two  portions : 
(a)  an  an tero- internal,  fibro-cartilaginouB 
part,  the  pam  cartilaglnea  tabte   auditive, 
having  a  length  of  about  one  inch ;   and 
(6)  a   postero-external,   osseous  part,   the 
pan  osaea  tntm  auditivn,  measuring  half 
an  inch  in  length.     The  two  portions  are 
not  in  the  same  plane,  the  cartilaginous 
part   inclining   downwards   a  little  more 
than  the  osseous  portion,  and  forming  with  p' 
it  a  wide  angle.     Its  lumen  is  widest  at 
the  ostium  pharyngeum,  narrowest  at  the 
junction   of   the   bony   and  cartilaginous 
portions,  forming   here   the  isthmus,  and 
again   expanding   towards   the    tympanic 
cavity ;  hence  it  presents,  on  longitudinal 

section  .omewhat  the  appearance  ot  an  c..™.Si7?^.ro"7™"™»;  ™"t.... 
hour-glass.     The  pars  ossea  occupies   the 

angle  between  the  squamous  and  petrous  parts  of  the  temporal  bone,  and  is  separated 
by  the  processus  cochlea ri form  ia  from  the  canal  containing  the  tensor  tympani  muscle, 
whilst  immediately  to  its  inner  side  is  the  carotid  canal  The  pars  cartilaginea  con- 
sists partly  of  cartilage  and  partly  of  fibrous  membraue.  The  cartilage  (cartilago 
tuba;  auditivte)  presents  the  form  of  an  elongated  triangular  plate,  of  which  the  apex 
ia  firmly  attached  to  the  inner  end  of  the  pars  ossea,  while  the  base  is  free,  and  forms 
a  projection  on  the  upper  and  posterior  aspects  of  the  pharyngeal  orifice.  The 
upper  edge  of  this  cartilaginous  plate  is  bent  outwards  in  the  form  of  a  hook,  and 
BO  produces  a  furrow  open  below  and  externally,  the  furrow  being  converted  into 
a  complete  canal  by  the  fibrous  part  of  the  tube.  On  transverse  section  (Fig.  586) 
the  cartilage  presents  two  laminse  continuous  with  each  other  superiorly :  (a) 
lamina  medialis,  broad  and  thick;  and  (i)  lamina  lateralis,  thin  and  hook-shaped. 
At  the  ostium  pharyngeum  the  lamina  medialis  forms  the  entire  inner  wall  oT  the 
tube,  but  it  gradually  diminishes  in  breadth  on  approaching  the  isthmus  tubie. 
Fissures  are  often  seen  in  the  cartilage ;  sometimes  it  is  completely  separated  into 
several  pieces,  or  accessory  islands  may  be  observed  in  the  roof,  floor,  or  membranous 
part. 

The  upper  and  inner  aspects  of  the  cartilage  are  firmly  fixed  to  the  base  of  the 
skull,  where  it  lies  in  a  groove,  the  buIcus  tuba  anditivx,  situated  between  the  great 
wing  of  the  sphenoid  and  the  petrous-temporal.     Extending  forwards  on  to  the 
52 
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root  of  the  pterygoid  process  this  sulcus  ends  at  a  projection,  the  processiis  tubarins, 
on  the  middle  of  the  internal  pterygoid  plate.  The  tensor  palati  muscle  lies  to 
the  outer  side  of  the  tube  and  receives  some  fibres  of  origin  from  its  lamina 
lateralis;  these  fibres  constitute  the  dilator  tuba  muscle  of  Klidinger.  To  the 
inner  side  of  the  cartilage  are  found  the  levator  palati  and  the  mucous  membrane 
of  the  pharynx.  The  membranous  part  (lamina  membranacea)  consists  of  a  strong 
fibrous  membrane,  stretching  between  the  two  edges  of  the  cartilage,  and  so  com- 
pleting the  under  and  outer  parts  of  the  canal.  Thin  above,  it  becomes  thickened 
below  and  forms  the  fascia  salpin^o-pharyngea  of  Troltsch,  which  gives  origin  to 
some  of  the  fibres  of  the  tensor  palati  muscle.  Between  this  fascia  and  the  mucous 
lining  of  the  tube  is  a  layer  of  adipose  tissue. 

The  pharyngeal  orifice  of  the  Eustachian  tube  (ostium  pharyngeum  tubie),  tri- 
angular or  oval  in  shape,  is  situated  on  the  lateral  wall  of  the  naso-pharynx,  the 
centre  of  the  opening  being  on  a  level  with  the  posterior  end  of  the  inferior  tur- 
binated bone.  It  is  bounded  above  and  behind  by  a  pad  or  cushion  produced  by 
the  inner  end  of  the  cartilage,  which  here  abuts  against  the  mucous  membrane. 
The  posterior  part  of  this  cushion  is  very  prominent  and  forms  the  anterior  boundary 
of  the  fossa  of  Bosenmiiller.  Prolonged  downwards  from  it  is  an  elevation 
of  the  mucous  membrane,  termed  the  plica  salpingo-pharyngea,  which  covers  the 
small  salpingo-pharyngeus  muscle.  From  the  upper  part  of  the  cushion  an  indis- 
tinct fold,  the  plica  salpingo-palatina,  extends  to  the  palate. 

The  mucous  lining  of  the  tube  is  continuous  behind  with  that  of  the  tympanic 
cavity,  and  in  front  with  that  of  the  naso-pharynx.  It  is  thin  in  the  pars  ossea, 
contains  few,  if  any,  mucous  glands,  and  is  firmly  fixed  to  the  bony  wall ;  whilst  in 
the  pars  cartilaginea  it  is  loose  and  thrown  into  longitudinal  folds.  Numerous 
mucous  glands  open  into  the  tube  near  its  pharyngeal  orifice,  and  here  alao  there 
exists  a  considerable  amount  of  adenoid  tissue,  which  constitutes  the  "  tube-tonsil  ** 
of  Gerlach.  This  adenoid  tissue  is  continuous  with  that  of  the  naso-pharynx,  and, 
like  it,  is  especially  well  developed  in  children.  The  lumen  of  the  tube  is  lineil 
with  ciliated  columnar  epithelium. 

The  tube  is  opened,  during  deglutition,  by  the  dilator  tubae  and  salpingo- 
pharyngeus  musclea  The  former  springs  superiorly  from  the  cartilaginous  hook  of 
the  tube,  and  blends  inferiorly  with  the  tensor  palati.  When  the  dilator  tubie 
contracts,  the  cartilaginous  hook  and  membranous  part  of  the  tube  are  drawn  out- 
wards and  forwards.  Some  anatomists  are  inclined  to  the  view  that  the  entire 
tensor  palati  acts  chiefly  as  a  dilator  of  the  tube,  and  Riidinger  has  named  it  the 
abductor  tubae.  The  salpingo-pharyngeus  muscle  draws  downwards  and  back- 
wards the  inner  cartilaginous  plate,  increasing  the  angle  between  it  and  the  outer 
plate.  Some  diflerence  of  opinion  exists  as  to  the  precise  action  of  the  levat<»r 
palati ;  probably  it  assists  in  opening  the  tube. 

The  EusUchian  tube  receives  its  blood-supply  from  the  ascending  phalangeal  artery  and 
from  the  middle  meningeal  and  Vidian  branches  of  the  internal  maxillary  artery.  Its*  veins 
form  a  network  which  opens  into  the  pterygoid  venous  plexus.  The  sensory  nerves  of  the  tulv 
are  derived  from  the  tympanic  plexus  and  from  the  pharyngeal  branches  of  the  second  division  of 
the  fifth  cranial  nerve. 

The  tube  of  the  child  diflFers  considerably  from  that  of  the  adult ;  its  lumen  is  relativily 
wider,  its  direction  more  horizontal,  and  its  pars  ossea  relatively  shorter.  Kunkel  states  that  its 
pharyngeal  orifice  is  below  the  level  of  the  hard  palate  in  tne  foetus ;  at  birth  it  is  on  thf 
same  level  as  the  palate,  whilst  at  the  fourth  year  it  is  3  to  4  mm.,  and  in  the  adult  10  mm.,  ab(»ve 
it.  The  phar^'ngeal  orifice  forms  a  narrow  fissure,  and  its  cartilage  projects  Ie.%  towards  the 
middle  line. 

Tympanic  Ossicles. 

The  tympanic  ossicles  (ossicula  auditus)  form  an  articulated  column  connect- 
ing the  outer  with  the  inner  wall  of  the  tympanic  cavity,  and  are  named,  from 
without  inwards,  the  malleus  or  hammer,  the  incus  or  anvil,  and  the  stapes  or 
stirrup.  The  fii-st  is  attached  to  the  inner  surface  of  the  mem])rana  tympani ;  the 
last  is  fixed  within  the  circumference  of  the  oval  fenestra. 

The  malleus  (Fig.  587,  B,  D),  the  largest  of  the  three  ossicles,  has  a  length  of 
8  to  9  mm.,  and  consists  of  a  head  (capitulum  mallei),  a  neck  (collum  mallei),  and  a 
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handle  (maDuhrium  mallei),  together  with  two  processes,  viz. :  (a)  processus  loagus 
seu  anterior,  (6)  processua  brevia  seu  lateralis.  The  head  and  neck  are  situated  in 
the  epitympanic  recess ;  the  processus  brevia  and  manubriuin  are  fixed  to  the  inner 
surface  of  the  membiana  tympani ;  whilst  the  processus  longus  is  directed  forwards 
towards  the  Glaserian  fissure,  to  which,  in  the  adult,  it  is  connected  by  ligamentous 
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fibres.  The  bead,  somewhat  rounded,  is  smooth  and  convex  above  and  in  front,  and 
presents,  on  its  posterior  aspect,  a  facet  for  articulation  with  the  body  of  the  incus. 
This  facet  is  directed  obliquely  downwards  and  inwards,  and  reaches  slightly  on  to 
its  mesial  surface.  More  or  less  elliptical  in  form,  it  is  constricted  near  the  middle 
so  as  to  resemble,  somewhat,  the  figure  8 ;  an  oblique  ridge,  corresponding  with  the 
constriction,  divides  the  facet  into  two  parts^-an  upper  and  larger,  directed  back- 
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wards,  and  a  lower  and  lesser,  directed  inwards.  Opposite  the  lower  part  of  the 
constriction  the  inferior  edge  of  the  facet  is  very  prominent,  and  is  continued  up- 
wards into  the  oblique  rid;^e  just  referred  to ;  it  forms  a  tooth-like  process,  the  spur 
or  coK-tooth  of  the  malleus.  On  the  back  of  the  head,  below  this  spur,  is  an  oblique 
crest,  the  crista  mallei,  to  which  is  attached  the  external  ligament  of  the  malleus. 
The  nack  is  the  slightly  constricted  portion  immediately  below  the  head.  Flattened 
from  before  backwards,  its  outer  surface  is  directed  towards  the  membrana  flaccida. 
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whilst  its  inner  is  crossed  by  the  chorda  tympani  nerve.  The  handle  is  directed 
downwards,  inwards,  and  backwards  from  the  neck,  forming  with  the  long  axis  of 
the  head  an  angle,  opening  inwards,  of  126"'  to  150°.  Its  upper  part  is  flattened 
from  before  backwards,  but  towards  the  lower  end  it  is  twisted  on  itself,  so  that  its 
surfaces  look  outwards  and  inwards ;  moreover,  the  lower  end  is  slightly  curved, 
the  concavity  being  directed  forwards  and  outwards.  It  is  fixed,  along  its  entire 
length,  to  the  membrana  propria  of  the  tympanic  membrane  by  its  periosteum  and 
by  a  layer  of  cartilage  (Gruber).  This  latter  intervenes  between  the  handle  and 
the  membrane,  and  must  be  regarded  as  a  residue  of  that  stage  of  development  when 
the  entire  malleus  was  cartilaginous.  On  the  inner  aspect  of  the  handle,  near  its 
upper  extremity,  a  slight  projection  for  the  attachment  of  the  tendon  of  the  tensor 
tympani  muscle  may  be  seen.  The  long  process  is  a  slender  spicule  springing  from 
the  fore-part  of  the  neck  and  directed  forwards  towards  the  Glaserian  fissure.  In 
the  fcEtus  it  constitutes  the  longest  process  of  the  malleus  and  is  directly  continuous 
with  Meckel's  cartilage.  In  the  adult  it  usually  assumes  the  form  of  a  small  pro- 
jection, since  its  anterior  part  is  represented  merely  by  fibrous  tissue.  The  short 
process  may  be  looked  upon  as  the  upper  extremity  of  the  handle  projected  out- 
wards ;  it  is  fixed  to  the  upper  part  of  the  membrana  tympani  by  the  cartil£^;inous 
layer  already  referred  to,  and  to  the  extremities  of  the  notch  of  Kivinus  by  the 
anterior  and  posterior  malleolar  folds. 

The  incus  (Fig.  587,  A,  C)  is  best  likened  to  a  bicuspid  tooth  with  widely 
divergent  fangs.  It  consists  of  a  body  (corpus  incudis),  a  long  process  (cms  longum), 
and  a  short  process  (crus  breve) ;  the  two  processes  form  with  each  other  an  angle  of 
90°  to  100°.  The  body  and  short  process  are  situated  in  the  epitympanic  recess. 
The  body  presents  a  more  or  less  saddle-shaped  surface  for  articulation  with  the 
head  of  the  malleua  This  surface  is  directed  forwards,  and  its  lower  part  is 
hollowed  out  for  the  accommodation  of  the  cog-tooth  of  the  malleus.  In  front  of 
this  hoUow  it  is  prominent  and  spur-like.  The  short  process  is  thick,  triangular 
in  shape,  and  projects  horizontally  backwards ;  its  conical  extremity,  covered  with 
cartilage,  articulates  with  the  fossa  incudis  in  the  postero-inferior  part  of  the 
epitympanic  recess.  The  long  process  projects,  almost  perpendicularly,  downwards 
from  the  body  into  the  tympanic  cavity,  where  it  lies  parallel  with,  but  1^  mm. 
behind  and  internal  to,  the  handle  of  the  malleus.  Its  lower  end  is  bent  iuwardfl 
and  narrowed  to  form  a  short  neck,  on  the  inner  extremity  of  which  is  a  small  knob 
of  bone,  the  processus  lenticularis,  for  articulation  with  the  head  of  the  stajMfs. 
Until  the  sixth  month  of  foetal  life  this  process  exists  as  a  separate  ossicle,  termed 
the  OS  orbiculare. 

The  stapes  (Fig.  587,  E)  presents  a  head  (capitulum  stapedis),  a  neck  (coUum 
stapedis),  two  crura  (crus  anterius  et  posterius),  and  a  base  or  foot-plate  (basis 
stapedis).  The  head,  directed  outwards,  is  concave  externally  for  articulation 
with  the  processus  lenticularis  of  the  incus.  The  neck  is  the  slightly  constricted 
part  immediately  internal  to  the  head,  and  from  it  the  two  crura  spring;  the 
tendon  of  the  stapedius  muscle  is  inserted  into  the  posterior  aspect  of  the  neck.  The 
anterior  crus  is  shorter  and  less  curved  than  the  posterior.  Diverging  from  each 
other,  the  crura  are  directed  inwards  and  are  attached — one  near  the  anterior,  the 
other  near  the  posterior  end  of  the  foot-plate.  The  foot-plate  almost  completely 
fills  the  oval  fenestra,  and,  like  it,  is  somewhat  oval  or  reniform,  its  anterior  end 
being  the  more  pointed.  In  the  recent  condition  a  membrane  fills  the  arch  formed 
by  the  crura  and  the  foot-plate,  the  crura  being  grooved  for  its  reception.  In  the 
child  the  crura  of  the  stapes  are  less  curved  than  in  the  adult,  and  the  opening 
bounded  by  them  and  the  foot-plate  is  nearly  triangular. 

Articulations  of  the  Tympanic  Ossicles. — The  joint  between  the  head  of  the 
malleus  and  the  body  of  the  incus  (articulatio  incudomalleolaris)  is  diarthrodial, 
and  may  be  described  as  one  of  reciprocal  reception.  It  is  surrounded  by  a  capsular 
ligament,  from  the  inner  surface  of  which  a  wedge-shaped  meniscus  projects  into  the 
joint  cavity  and  incompletely  divides  it.  The  articulation  of  the  processus  lenti- 
cularis and  the  capitulum  stapedis  (articulatio  incudostapedia)  is  of  the  nature  of 
an  enarthrosis  and  is  surrounded  by  a  capsular  Ugament.  An  interarticular  carti- 
lage has  been  described  as  occurring  in  this  joint,  while  some  observers  deny  the 
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presence  of  a  synovial  cavity  and  regard  the  articulation  as  a  syndesmosis,  the 
articular  surfaces  being  held  together  merely  by  fibrous  tissue. 

LiigamentB  binding  the  Ossicles  to  the  Walls  of  the  Tympanic  Cavity  (lig. 
ossiculorum  auditus). — The  malleus  is  attached  to  the  walls  of  the  tympanum  by 
three  Ugaments  (Fig.  588),  viz.  anterior,  superior,  and  external.  The  anterior  liga- 
ment (lig.  mallei  anterius)  consists  of  two  portions :  (a)  the  band  of  Meckel,  which  is 
attached  to  the  base  of  the  processus  longus,  and  passes  forwards  through  the 
Glaserian  fissure  to  reach  the  spine  of  the  sphenoid ;  it  represents  the  remnant  of  a 
portion  of  Meckel's  cartilage,  and  was  formerly  described  as  the  laxator  tympani 
muscle;  (6)  a  firm  bundle  of  fibres,  the  lig.  mallei  anterius  of  HelmholtZy  which 
extends  from  the  spina  tympanica  posterior  at  the  anterior  boundary  of  the  notch 
of  Rivinus  to  the  anterior  aspect  of  the  malleus,  above  the  base  of  the  processus 
longus.  The  superior  ligament  (lig.  mallei  superius)  extends,  almost  vertically, 
from  the  head  of  the  malleus  to  the  roof  of  the  epitympanic  recess.  The  external 
ligament  (lig.  mallei  laterale)  is  short  and  fan-shaped ;  its  fibres  converge  from  the 
posterior  half  of  the  notch  of  Rivinus  to  the  crista  mallei.  The  posterior  part  of 
this  ligament  is  strong  and  constitutes  the  ligamentum  mallei  posticum  of  Helm- 
holtz.  It  forms,  together  with  the  ligamentum  mallei  anterius,  the  axis  around 
which  the  malleus  rotates,  and  the  two  constitute  what  Helmholtz  has  termed  the 
"  axis-ligament ''  of  the  malleus. 

The  posterior  extremity  of  the  crus  breve  of  the  incus  is  tipped  with  cartilage 
and  fixed  by  means  of  a  Hgament,  the  ligamentum  incudis  poBterius  (Fig.  588),  to  the 
fossa  incudis.  Some  observers  describe  this  as  a  diarthrodial  joint.  A  superior 
ligament,  the  ligamentum  incudis  superius,  is  sometimes  present,  but  consists  mainly 
of  a  fold  of  mucous  membrane.  The  vestibular  surface  and  the  circumference  of 
the  foot  of  the  stapes  are  covered  by  hyaline  cartilage,  and  a  similar  layer  lines 
the  opening  of  the  fenestra  ovalis ;  that  encircling  the  base  of  the  stapes  is  joined 
to  that  which  lines  the  fenestra  by  a  dense  ring  of  elastic  fibres,  named  the 
ligamentum  annulare  baseos  stapedis.  The  posterior  fibres  of  this  annular  ligament 
are  thicker  and  shorter  than  the  anterior,  and  thus  the  anterior  end  of  the  foot- 
plate is  free  to  make  greater  excursions,  during  the  movements  of  the  bone,  than 
the  posterior. 

Development  of  the  Tympanic  Ossicles. — It  is  generally  maintained  that  the 
malleus  and  incus  are  developed  from  the  upper  end  of  Meckel's  cartilage,  and  that  the 
stapes  arises  from  the  mesoblast  in  the  region  of  the  fenestra  ovalis  where  it  is  developed 
around  a  small  artery,  the  stapedial  artery,  which  atrophies  in  man,  but  persists  in  many 
mammals.  On  the  other  hand,  Gadow  {Phil,  Trans,,  London,  vol.  clxxix.)  says  "the  whole 
system  of  the  one  to  four  elements  of  the  middle  ear,  which  have  all  the  same  functiou, 
is  to  be  looked  upon  as  one  organ,  of  one  common  origin,  viz.  a  modification  of  the  hyo- 
inandibula,  the  proximal  paramere  of  the  second  visceral  arch." 

Muscles  of  the  Tympanic  Cavity. — These  are  two  in  number,  viz.  m.  tensor 
tyu)pani  and  m.  stapedius. 

The  m.  tensor  tympani  is  the  larger,  and  takes  origin  from  the  roof  of  the  carti- 
laginous part  of  the  Eustachian  tube  and  from  the  adjacent  part  of  the  great  wing  of 
the  sphenoid.  It  also  receives  some  fibres  from  the  bony  canal  in  which  it  lies,  and 
ends  in  a  tendon  which  bends  outwards,  nearly  at  a  right  angle  to  the  belly  of  the 
muscle,  round  the  pulley -like,  posterior  extremity  of  the  processus  cochleariformis. 
Passing  across  the  cavity  of  the  tympanum  this  tendon  is  inserted  into  the 
inner  edge  and  anterior  surface  of  the  manubrium  mallei,  near  its  upper  end. 
When  the  muscle  contracts  it  draws  inwards  the  handle  of  the  malleus,  and  so 
renders  tense  the  membrana  tympani ;  it  probably  also  slightly  rotates  the  malleus 
around  its  long  axis.  It  receives  its  nerve  from  the  motor  division  of  the  fifth 
cranial  nerve  through  the  otic  ganglion. 

The  m.  stapedius  arises  within  the  pyramid,  and  from  the  canal  which  prolongs 
the  hollow  of  the  pyramid  downwards.  Its  tendon  emerges  from  the  apex  of  the 
pyramid  and  is  inserted  into  the  posterior  surface  of  the  neck  of  the  stapes. 
On  contraction  it  draws  back  the  head  of  the  stapes,  and  so  tilts  the  anterior  end  of 
the  foot-plate  outwards  towards  the  tympanic  cavity  and  the  posterior  end  inwards 
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INTERNAL   EAli. 

The  inuennost,  and,  at  tlie  eaim  time,  tlie  essential  part  oi'  the  organ  ol'  heariug 
is  situated  in  the  substance  of  the  petrous-temporal  bone,  and  consists  of  two  sets 
of  Btructurea,  viz. ;  (1)  a  series  of  cavities  hollowed  out  of  the  bone  and  constituting 
the  Iwny  Uhyrintli  (labyrinthue  ()8seuB);  these  cavities  are  continuous  with  each 
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other,  and  are  named  from  before  backwards  the  cochlea,  vestibule,  and  eemicircular 
canals  (Figs.  589,  590) ;  (2)  a  complex  arrangement  of  membranous  channels  (Fig. 
592J,  situated  within,  but  not  nearly  tilling,  the  bony  labyrinth  and  forming  the 
mambranom  labjnrintb  (labrrinthus  membranaceus).  These  channels  are  named  the 
ductus  cocUearis,  utricle,  saccule,  and  membranoas  semidrcnlar  canals;  the  utricle 
and  saccule  are  lodged  within  the  bony  vestibule. 

OSSEOUS   LABYRINTH. 

Vestibule-  -The  vestibule  forms  the  central  portion  of  the  osseous  labyrinth,  and 
communicates  behind  with  the  semicircular  canals  and  in  front  with  the  cochlea.  It 
is  somewhat  ovoid  in  shape,  its  long  axis  being  directed  forwards  and  outwards  It 
measures  about  6  mm.  antiero-posteriorly,  4-5  mm.  from  roof  to  floor,  and  about  3  nun. 
from  without  inwards.  Its  outer  wall  is  directed  towards  the  tympanic  cavity,  and 
in  it  is  seen  the  fenestra  ovalis,  which,  in  the  recent  state,  is  closed  by  the  foot  of 
the  stapes.  Its  inner  wall  corresponds  with  the  bottom  of  the  internal  auditor^' 
meatus,  and  presents,  at  its  antero- inferior  part,  a  rounded  depression,  the  recessus 
apluericns,  which  lodges  the  saccule.  This  recess  is  perforated  by  some  twelve  or 
tifteen  small  foramina,  which  constitute  the  macula  cribroBa  media,  and  transmit  the 
filaments  of  the  auditory  nerve  for  the  supply  of  the  saccule.  The  recessua 
sphaericus  is  limited  above  and  behind  by  an  obhque  ridge,  the  crista  veBtiboli,  the 
anterior  extremity  of  which  is  triangular  in  shape  and  named  the  pyramid  (pyrainis 
vestibuli).  Posteriorly  this  crista  divides  into  two  limbs,  between  which  is  a  small 
depression,  the  recessus  cocUearis  of  Beichert,  perforated  by  some  eight  small  fora- 
mina, which  give  passage  to  the  ner\'ous  filEmients  for  the  supply  of  the  posterior 
extremity  of  the  ductus  cochlearis.  Above  and  behind  the  crista  vestibuli,  in  the 
roof  and  inner  Wall  of  the  vestibule,  is  an  oval  depression,  the  recessus  ellipticus, 
which  lodges  the  utricle.  The  pyramid  and  adjacent  part  of  the  recessus  ellipticus 
are  perforated  by  some  25-30  small  apertures,  which  constitute  the  macula  ctibrosa 
superior  seu  mi^or.  The  foramina  in  the  pyramid  tmnsmit  the  nerves  to  the 
utricle ;  those  in  the  recessus,  the  nerves  to  the  ampullary  ends  of  the  superior 
and  external  semicircular  canals.  Behind  and  below  the  recessus  ellipticus  is  a 
furrow,  gradually  deepening  to  form  a  canal,  the  aqueductns  vestibuli,  which  passes 
backwards  through  the  petrous  bone,  and  opens,  as  a  slit-like  fissure,  about  midway 
between  the  internal  auditory  meatus  and  the  groove  for  the  lateral  sinus.     This 
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The  modiolus  is  about  3  mm.  in  height,  and  diminiBhee  rapidly  in  diameter  from 
base  to  apex,  while  its  tapered  extremity  fails  to  reach  the  cupola  by  a  distance  of 
1  mm.  Its  base  (basis  modioli)  corresponds  with  the  ana  cochlen  on  the  fundus 
of  the  internal  auditory  meatus,  and  exhibits  the  tractOB  epiraUs  foraminosas,  which 
transmits  the  nerves  for  the  basal  and  central  coils  of  the  cochlea  and  the  foramen 
eenteale,  which  gives  passage  to  the  nerves  for  the  apical  coil.  The  foramina  of  the 
tnctuB  spiralis  foraminosus  traverse  the  modiolus,  at  first  parallel  to  its  long  axis, 
but,  after  a  varying  distance,  they  bend  outwards  to  reach  the  attached  edge  of  the 
lamina  spiralis  ossea,  where  they  become  expanded  and  form  by  their  apposition  a 
spiral  canal,  the  canalia  splraliB  modioli  of  Bosentlial,  which  lodges  the  ganglion  of 
Corti,  or  ganglion  spirale  cocUaa.  From  this  spiral  canal  numerous  small  foramina, 
for  the  transmission  of  vessels  and  nerves,  pass  outwards  to  the  free  edge  of  the 
lamina  spiralis.  The  lamina  Bpiralis  ossea,  a  thin,  flat  shelf  of  bone,  winds  round  the 
modiolus  like  the  thread  of  a  screw,  and,  projecting  about  half-way  into  the  cochlear 
tube,  incompletely  divides  it  into  two  passages,  of  which  the  upper  is  named  the 
sola  Testibnli ;  the  lower,  the  scala  tympanl  The  lamina  spiralis  ossea  commences 
at  the  floor  of  the  vestibule,  near  the  fenestra  rotunda,  and  ends  close  to  the  apex 
of  the  cochlea  in  a  sickle-shaped  process,  the  bamnlns,  which  assists  to  form  an 
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aperture  named  the  helicotrema.  In  the  basil  coil  the  upper  surface  of  the  spiral 
lamina  forms  almost  a  right  angle  with  the  modiolus,  but  the  angle  becomes  more 
and  more  acute  on  ascending  the  tube.  In  the  lower  half  of  the  basil  coil  a  second 
smaller  bony  plate,  the  lajnina  spiralis  secundaria,  projects  inwards  from  the  outer 
wall  of  the  cochlea  towards  the  lamina  spiralis  oasea,  without,  however,  reaching  it. 
If  viewed  from  the  vestibule  the  slit-like  fiasura  vestibuh,  already  referred  to 
(p.  760),  is  seen  between  the  two  osseous  spiral  laminse.  A  membrane,  the  metn- 
hniuk  basilaria,  stretches  from  the  free  edge  of  the  lamina  spiralis  ossea  to  the  outer 
wall  of  the  cochlea,  and  completes  the  septum  between  the  scala  vestibuli  and 
scala  tympani,  but  the  two  scalee  communicate  with  each  other  through  the 
opening  of  the  helicotrema  at  the  apex  of  the  cochlea.  The  scala  tympani  begins 
at  the  fenestra  rotunda,  through  which,  in  the  macemted  bone,  it  communicates 
with  the  tympanic  cavity ;  in  the  recent  condition  the  fenestra  is  closed  by  the 
secondary  tympanic  membrane  (vide  p.  7'^2).  At  the  commencement  of  the  scala 
tympani  a  crest,  termed  the  crjjita  Bemilunaris,  stretches  from  the  attached  margin 
of  the  lamina  spiralis  ossea  towards  the  orihce  of  the  fenestra  rotunda.  Close  to  this 
crest  is  seen  the  inner  orifice  of  the  aquedoctus  cochlee,  a  canal  measuring  from  10 
to  12  mm.  in  length,  and  opening  on  the  under  aspect  of  the  petrous  bone  internal  to 
the  fossa  jugularis.  Through  it  there  is  estabhshed  a  communication  between  the 
ecala  tympani  and  the  subarachnoid  space,  and  through  it,  also,  a  small  vein  passes 
to  join  the  inferior  petrosal  sinus.  The  scala  vestibuli,  the  higher  of  the  two 
passages,  begins  in  the  vestibule  ;  its  diameter  in  the  basal  coil  is  less  than  that  of 
the  scala  tympani,  but  in  the  upper  coils  it  exceeds  that  of  the  latter. 

Internal  Aaditory  Meatus. — ^It  is  convenient,  at  tliis  stage,  to  study  tlie 
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The  Baccale  (sacculua)  occupies  the  receasus  aphajricus,  in  the  lower  and  fore-part 
of  the  vestibule  (Fig.  590).  Smaller  than  the  utricle,  it  is  of  an  oval  shape  aod 
measures  3  mm.  in  its  longest,  and  about  2  mm.  in  its  shortest  diameter.  It  presents 
anteriorly  an  oval,  whitish  thickening,  the  macula  acnsUca  soccuU.  This  has  a 
breadth  of  about  15  mm.,  and  to  it  are  distributed  the  saccular  fibres  of  the  auditory 
nerve.  The  superior  extremity  of  the  saccule  is  directed  upwards  and  backwards, 
and  forms  the  siaos  utricularis  sacculi,  which  abuts  against,  but  does  not  fuse 
with,  the  wall  of  the  utricle.  From  the  lower  part  of  the  saccule  a  short  canal, 
the  dnctaa  remiiens  of  Heusen,  opens  into  the  ductus  cochlearis,  a  short  distance 
in  front  of  its  vestibular  or  blind  extremity,  A  second  small  channel,  the  ductus 
endolympb&ticDS,  is  continued  from  the  posterior  part  of  the  saccule,  and,  passing 
between  the  utricle  and  the  inner  wall  of  the  vestibule,  is  joined  by  a  small  canal, 
the  ductus  ntricnloBaccnlaris,  which  arises  from  the  inner  aspect  of  the  utricle.  It 
then  enters  and  traverses  the  squeductus  vestibuli  and  ends,  under  the  dura  mater 
on  the  posterior  surface  of  the  petrous  bone,  in  a  dilated  blind  extremity,  termed 
the  recesstis  Cotugnii,  or  saccua  endolsrmphaticoB ;  this,  according  to  Rtidinger,  is 
perforated  by  minute  foramina,  through  which  the  endolymph  may  pass  iuto  the 
meningeal  lymphatics. 

The  vestibule  also  contains  the  blind  extremity  (caecum  vestibulare)  of  the 
ductus  cochlearis,  which  lies  immediately  below  the  saccule  in  the  recessug 
cochlearis  of  Reichert;  from  here  it  passes  forwards  into  the  spiral  tube  of 
the  cochlea. 

The  walls  of  the  utricle  and  saccule  are  composed  of  connective  tissue  which 
blends,  along  their  attached  surfaces,  with  the  periosteal  lining  of  the  vestibule.  It 
is  modified  internally  to  form  a  homogeneous  membrana  propria,  which  is  covered 
by  a  layer  of  pavement  epitbeUum  and  is  thickened  at  the  maculse  acustic^. 
Towards  the  periphery  of  the  maculee  the  epitheUum  is  cubical,  while  on  them 
it  is  columnar. 

The  Btructure  of  the  maoulse  in  the  utricle  and  saccule  is  practically  the 
same ;  two  kinds  of  cells  are  found,  viz.  (a)  supporting  cells,  and  (6)  hair  cells.     The 
mpportiiix  cells  are  some- 
what fusiform,  each  con- 
taining, near  its  middle, 

a     nucleus.        Their       Ep  ^^^^ 

branched,  deep  extremi-         '■  cuui 

ties  are  attached  to  the      Fit 

membrana  propria;  their  niwuiim 

free  ends  lie  between  the 
hair  cellsand  form  a  thin 
inner  limiting  cuticle. 
The  hair  cells  are  flask- 
shaped  and  do  not  teach 
the  membrana  propria, 
but  end  in  rounded  ex- 
tremities which  lie  be- 
tween the  supporting 
cells.  Each  contains,  at 
its  deepest  part,  a  large 
nucleus,  the  rest  of  the 
cell  being  granular  and 
pigmented.  From  the 
free  end  of  each  there 
projects  a  stiff,  hair-like  ) 

process,  which,  on  the 
application  of  reagents, 

splits  into  several  finer  filaments.  The  nerve-fibres  pierce  the  membrana  propria, 
and  end  in  arborisations  around  the  deep  extremities  of  the  hair  cells.  A  collection 
of  small,  rhombic  crystals  of  carbonate  of  lime,  termed  otoconia,  adheres  to  each  of 
the  maculee. 
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wall  of  the  cochlea.  A  second,  more  delicate  membrane,  the  membnuie  of  Beissaer,  or 
III embrana Ives tibulailB,  Btretchea  from  the  thickened  periosteum  covering  the  upper 
surface  of  the  lamina  spiralis  oaaea  to  the  outer  cochlear  wall,  some  little  distance 
above  the  external  attachment  of  the  membrana  baailaris.  A  canal  is  thus  enclosed 
between  the  underlying  scala  tympani  and  the  overlying  scala  vestibuU,  and  con- 
stitute the  membranouB  cochlea  or  dnctns  cochlearis.  Triangular  on  transverse 
seotion,  it  possesses  a  roof,  an  outer  wall,  and  a  fioor,  and  is  lined  throughout  with 
epithelium  and  filled  with  endolymph.  On  its  fioor  the  epithelium  is  greatly  modified, 
and  here  are  found  the  endings  of  the  cochlear  division  of  the  auditory  nerve. 

The  toof  or  Testibal&r  wall  of  the  ductus  cochlearis  is  formed  by  the  mem- 
brane of  Beissoer,  which  consists  of  a  delicate,  nearly  homogeneous  membrane, 
covered  on  its  two  surfaces  by  a  layer  of  epithelium.  Its  entire  thickness  is 
about  3  /I. 

The  onter  wall  of  the  ductus  cochlearis  (Fig.  596)  consists  of  the  periosteal 
lining  of  the  bony  cochlea,  which,  however,  is  much  thickened  and  greatly  modified 
to  form  what  is  termed  the  ligaroentom  apirale  eochlete.     Occupying  the  whole  outer 
wall,  this  ligament  projects  inwards  inferiorly  as  a  triangular  prominence,  the  criita 
baoilazis,  to  which  the  outer  edge  of  the 
membrana  basilaris  is   attached.      The 
fibres  of  the  membrane  radiate  into  the 
ligament  in  the  form  of  a  series  of  bundles 
analogous  to  the  ligamentum  pectinatum 
iridis.   In  the  upper  part  of  the  ligamentum 
spirale   the  periosteum  is  of  a   reddish 
yellow  colour,  and  contains,  immediately 

under  its  epithelial  lining, numerous  small  ' 

blood-vessels  and  capillary  loops,  forming 
the  stria  vascnlaiis.  The  lower  limit  of 
this  stria  is  bounded  by  a  prominence, 
the  prominentia  spitaliB,  in  which  is  seen 
a  vessel,  the  vas  prominena,  and  between 
this  prominence  and  tlie  crista  basilaris 
is  a  concavity,  the  snlcue  spiralis  eztemns. 
The  height  of  the  outer  wall  diminishes 
towards  the  apes  of  the  cochlea. 

The   floor  or  tympanal  wall   of  the 
ductus  cochlearis  is  formed  by  the  peri- 
osteum  covering    that    portion  of    the  . 
lamina  spiralis  ossca  which  in  situated  to                                                                     % 
the  outer  side  of  Keiasner's  membrane,                                                                     g 
and   by  the   memlirana  basilaris,  which                                                                      % 
stretches  from  the  free  edge  of  the  lamina                                                                      | 
spiralis  oseea  to  the  crista  basilaris.     On 
the  inner  part  of  the  membrana  basilaris 
the   complicated   structure   termed    the 
organ  of  Oorti  is  situated.     The  lamina 
spiralis  ossea  consists  of  two  plates  of 
bone,  between  which  are  placed  the  canals 
for  the  branches  of  the  cochlear  nerve. 
On  the  upper  plate  the  periosteum  is 
thickened  and  modified  to  form  the  limbtu 
lamina  spiralis,  the  outer  extremity  of 
which  forms  a  C- shaped  concavity,  the 
Bnlcns  spiralis  intenms.     The  portions  of 
the  limbus  which  project  outwards,  above 
and    below   this   concavity,  are   termed 
respectively  the  labium  vostibulare  and  labinm  tympanicmn.     The  latter  is  perforated 
by  some  4000  small  apertures,  the  foramina  nervosa,  or  habenula  perforata,  for  the 
transmission  of  the  cochlear  nerves.     Externally  it  becomes  continuous  with  the 
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membrnnEi  basilaris.  The  upper  surface  of  the  labium  vestibulara  presents  a 
number  of  furrows  crossing  each  other  nearly  at  right  angles,  and  intersecting  a 
series  of  elevations  which,  at  the  free  margin  of  the  labium,  form  a  row  of  tooth-like 
structures,  some  7000  in  number,  the  auditor;  teeth  of  HoBchke.  Covering  the 
limbus  is  a  layer  of  apparently  squamous  epithelium;  the  deeper  protoplasmic 
portions  of  the  cells,  however,  with  their  contained  nuclei,  fill  up  the  intervals 
between  the  elevations  and  auditory  teeth.  This  layer  of  epithelium  is  continuou^n 
with  that  covering  the  under  surface  of  Eeiaaner's  membrane  and  with  that  which 
lines  the  sulcus  spirahs  internus. 

Membrana  Basilaiis.— The  inner  part  of  this  membrane  is  thin,  and  supports 
the  organ  of  Corti ;  it  is  named  the  zona  arcnata,  and  reaches  as  far  as  the  foot- 
plate of  the  outer  rod  of  Corti.  Its  outer  part,  extending  from  the  foot-plate  of 
the  outer  rod  of  Corti  to  the  crista  basilaris,  is  thicker  and  distinctly  striated, 
and  is  termed  the  zona  poctisata.  The  substantia  propria  of  the  membrane  is 
almost  homogeneous,  but  exhibits,  in  its  deeper  part,  numerous  fibres.  These  fibres 
are  most  distinct  in  the  zona  pectinata,  and  number,  according  to  Betzius,  about 
24,000.  Covering  the  under  surface  of  the  membrana  basilaris  is  a  layer  of  con- 
nective tissue,  which  contains,  in  its  inner  part,  small  blood-vessels,  one  of  which, 
larger  than  the  rest,  lies  below  the  tunnel  of  Corti  and  is  named  the  vas  apirale. 
The  width  of  the  membrana  basilaris  increases  from  210  /i  in  the  basil  coil  to  360  /i 
in  the  apical  coil. 

Organ  of  Corti  (Fig.  59G). — Placed  upon  the  inner  portion  of  the  membraiui 
basilaris,  the  organ  of  Corti  consists  of  an  epithelial  eminence  which  eitcnds  along  the 
entire  length  of  the  ductus  cochlearis,  and  comprises  the  following  structures,  viz.: 
(1)  Corti's  rods  or  pillars,  (2)  hair  cells  (inner  and  outer),  (3)  supporting  cells  ot  Deiters, 
(4)  the  cells  ot  Hensen  and  Claudius,  (5)  the  lamina  reticularis,  and  (6)  a  cuticiilar 
membrane,  the  membraiia  tectoria. 

The  rodfl  of  Corti  form  two  rows,  innsr  and  outer,  of  stiff,  pillar-like  structures,  atid 
each  rod  presents  a  base  or  foot-plate,  an  intermediate  elongated  portion,  and  an  upper 
end  or  head.  The  bases  of  the  two  ro^rs  are  planted  on  the  membrana  basilaris  soQte 
little  distance  apart.     The  intermediate  portions  incline  towards  each  other  and  the  heads 


Via,  596.— Tbansvbhse  Sbction-  or  Conn's  Oboan  pbom  th«  Cintral  Coil  ov  Cocblsa  (Bolrios). 

come  into  contact,  ko  that,  between  the  two  rows  above  and  the  membrana  basilaris  below, 
there  is  enclosed  a  triangular  tunnel,  the  tnnael  of  Corti ;  this  tunnel  increases  both  in 
height  and  width  ou  passing  towards  the  apex  of  the  cochlea.  The  inner  roda  nunihcr 
nearly  6000,  and  the  head  of  each  resembles  somewhat  the  upper  end  of  the  uhia,  prf- 
Bcnting  a  deep  concavity,  externally,  for  the  reception  of  a  corresponding  convexity  on  the 
head  of  the  outer  rod.  The  part  of  the  head  which  overhangs  this  concavity  is  proloofrni 
outwardK,  under  the  name  of  the  head-plate,  and  overlaps  the  head  of  the  outer  rod.  Tlic 
expanded  bases  of  the  inner  rods  are  situated  on  the  innermost  portion  of  the  membnns 
basilaris,  immediately  to  the  outer  side  of  the  foramina  nervosa  of  the  labium  tympanicuui. 
The  intermediate  parts  of  the  inner  rods  are  sinrionsly  curved,  and   form,  with  the 
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membrana  basilaris,  au  angle  of  about  60".  The  outer  rods  number  about  4000,  and  are 
longer  than  the  inner,  especially  in  the  upper  part  of  the  cochlea.  They  are  more  inclined 
towards  the  membrana  basilaris,  and  form  with  it  an  angle  of  about  40\  The  head  of 
ecoch  is  convex  internally,  to  fit  the  concavity  on  the  head  of  the  iimer  rod,  and  is  prolonged 
outwards  as  a  plate,  the  phalangeal  process,  which  becomes  connected  with  the  lamina 
reticularis.  In  the  head  is  an  oval  body  which  has  an  affinity  for  certain  reagents.  The 
main  part  of  each  rod  consists  of  a  nearly  homogeneous  material,  which  is  finely  striated. 
At  the  bases  of  the  rods,  on  the  side  next  the  tunnel,  is  a  nucleated  mass  of  protoplasm 
which  reaches  as  far  as  the  heads  of  the  rods,  and  covers  also  the  greater  part  of  the 
tunnel  floor.  This  may  be  regarded  as  the  undifferentiated  part  of  the  cell  from  which 
the  rod  was  developed.  Slit-like  intervals,  for  the  transmission  of  nerves,  exist  between 
the  intermediate  portions  of  adjacent  rods. 

Hair  Cells. — These,  like  Corti's  rods,  form  two  sets,  inner  and  outer.  The  former 
W)n8i8ts  of  a  single  row  lying  immediately  internal  to  the  inner  rods — the  latter  of  three, 
or,  it  may  be,  four  rows  placed  to  the  outer  side  of  the  external  rods.  The  inner  hair 
cells  are  about  3500  in  number,  and  have  a  greater  diameter  than  the  inner  rods,  and  so 
each  is  supported  by  more  than  one  rod.  Somewhat  oval  in  shape,  their  free  extremities 
are  surmounted  by  about  twenty  fine  hair-like  processes,  arranged  in  the  form  of  a 
crescent,  with  its  concavity  directed  inwards.  The  deep  end  of  the  cell  is  rounded,  and 
contains  a  large  nucleus.  It  reaches  only  about  half-way  down  the  rod,  and  in  contact 
with  it  are  the  arborisations  of  the  nerve  terminations.  To  the  inner  side  of  this  row  of 
hair  cells  are  two  or  three  rows  of  elongated  columnar  cells,  which  act  as  supporting  cells, 
and  are  continuous  with  the  low  columnar  cells  lining  the  sulcus  spiralis  internus.  The 
outer  hair  cells  number  about  12,000,  and  form  three  rows  in  the  basal  coil  and  four 
rows  in  the  upper  two  coils,  although  in  the  higher  coils  the  rows  are  not  so  regularly 
arranged.  Their  rounded  free  extremities  support  some  twenty  hairlets  arranged  in  the 
form  of  a  crescent,  opening  inwards.  Their  deep  extremities  reach  about  half-way  to  the 
membrana  basilaris,  and  are  in  contact  with  the  nerve  arborisations. 

Alternating  with  the  rows  of  the  outer  hair  cells  are  the  rows  of  Deiters'  supporting 
cells,  the  lower  extremities  of  which  are  expanded  on  the  membrana  basilaris,  whilst  their 
upper  ends  are  tapered  ;  the  nucleus  is  placed  near  the  middle  of  each  cell,  and,  in  addition, 
each  cell  contains  a  bright,  thread-like  structure  called  the  supporting  fibre.  This  fibre 
is  attached  by  a  club-shaped  base  to  the  membrana  basilaris,  and  expands,  at  the  free 
end  of  the  cell,  to  form  a  phalangeal  process  of  the  membrana  reticularis. 

The  cells  of  Hensen,  or  outer  supporting  cells,  consist  of  about  half  a  dozen  rows, 
immediately  outside  Deiters'  cells,  and  form  a  well-marked  elevation  on  the  floor  of  the 
ductus  cochlearis.  Their  deep  extremities  are  narrow  and  attached  to  the  membrana 
basilaris,  while  their  free  ends  are  expanded ;  each  cell  contains  a  distinct  nucleus  and 
some  pigment  granules.  The  columnar  cells,  situated  externally  to  the  cells  of  Hensen, 
cover  the  outer  part  of  the  zona  pectinata,  and  are  named  the  cells  of  Claudius.  A  space, 
the  space  of  Nuel,  exists  between  the  outer  rods  of  Corti  and  the  neighbouring  row  of 
hair  cells.  It  communicates  internally  with  Corti's  tunnel,  and  extends  outwards  between 
the  outer  hair  cells  as  far  as  Hensen's  cells. 

The  lamina  reticularis  is  a  thin  cuticular  structure  which  lies  over  Corti's  organ, 
and  extends  from  the  heads  of  the  outer  rods  as  far  as  Hensen's  cells,  where  it  ends  in  a 
row  of  quadrilateral  areas  which  form  its  outer  border.  On  looking  at  it  from  above  it  is 
seen  to  consist  of  two  or  three  rows  of  structures,  named  phalanges,  which  are  elongated 
cuticular  plates  resembling  in  shape  the  digital  phalanges.  The  innermost  row  is  formed 
by  the  phalangeal  processes  of  the  heads  of  the  outer  row  of  Corti's  rods ;  the  succeeding 
row,  or  rows,  represent  the  expanded  upper  ends  of  Deiters'  supporting  cells.  The  number 
of  rows  of  phalanges,  therefore,  varies  with  the  number  of  rows  of  outer  hair  cells  and  the 
alternating  cells  of  Deiters.  The  phalanges  separate  the  free  ends  of  the  hair  cells  from 
each  other,  since  these  are  seen  to  occupy  the  somewhat  circular  apertures  between  their 
constricted  middle  portions. 

The  membrana  tectoria  (Fig.  596)  is  an  elastic  membrane  overlying  the  sulcus  spiralis 
internus  and  the  organ  of  Corti.  Attached,  by  its  inner  end,  to  the  limbua  laminae  spinilis, 
near  the  lower  edge  of  Reissner's  membrane,  it  reaches  outwards  as  far  as  the  outer  row 
of  hair  cells.  Its  inner  portion  is  thin  and  overlies  the  auditory  teeth  of  Huschke.  Its 
outer  part  is,  at  first,  much  thickened,  but  becomes  attenuated  near  its  external  border, 
which,  according  to  Retzius,  is  attached  to  the  outer  row  of  Deiters'  cells.  Its  lower  edge 
presents  a  firm,  homogeneous  border,  and  opposite  the  inner  row  of  hair  cells  contains  a 
clear,  spirally  arranged  band,  named  Hensen's  stripe.  Probably  the  membrana  tectoria 
acts  as  a  damper  comparable  to  the  otoconia  in  the  utricle  and  saccule. 
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Auditory  Nerve  (Fig.  591). — The  auditory  nerve  consieta  of  two  main  parts, 
the  lamns  yftstibnlaiis  and  the  ramits  cochlearls ;  as  the  former  traverses  the  internal 
auditory  meatus  it  presents  a  gangliform  swelling,  the  ganglion  of  Scarpa.    The 
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ramus  vestibularis  divides  into  three  branches,  the  filamenta  of  whioh  pass  tlirough 
the  foramina  in  the  area  vestibularis  superior,  and  are  distributed  to  the  macula 
acustica  utricuU  and  the  ampullse  of  the  superior  and  external  semicircular  canals. 
The  ramus  cochlearis  gives  off  a  branch  to  the  macula  acustica  sacculi  and  another 
to  the  ampulla  of  the  posterior  semicircular  canal.     The  former  exhibits  a  gangli- 
form swelling  beyond  which  its  filaments  pass  through  the  foramina  in  the  area 
NerTB-nbTM  wtiich  pua  out       Vestibularis  inferior ;  the  latter  is  trans- 
betwesnthetwoisynraofthe     mittcd  through  the  foramcn  singulare, 
Spin  nbrM       uniiiiii<tpiiBii.a»>»  ^^^  ^^  ^^^  ^^^  ^^  ^^  coursc  the  nerve 

possesses  two  gangliform  enlargements. 

The  remainder  of  the  ramus  cochlearis 

is  distributed  to  the  hair  cells  of  Corti'a 

organ,  the  branches  for  thfl  baaal  and 

middle  coils  entering  the  foramina  in 

the  tractus  spiralis  foraminosus,  those 

for  the  apical  coil  passing  up  through 

the  canalis  centralis  of  the   modiolus. 

Extending  upwards,  in  the  bony  canals 

of  the  modiolus,  the  ner\'e-fibres  radiate 

outwards  between  the  lamellie  of  the 

lamina  spiralis  oesea.     CoDtained  in  the 

spiral  canal  of  the  modiolus,  near  the  attached  margin  of  the  lamina,  is  a  ganglion 

which  winds  spirally  round  the  modiolus,  and  is  named  the  ganglion  spinle  or 

ganglion  of  Corti  (Fig.  598).     It  consists  of  bipolar  nerve-cella,  and   each   nerve 

fibre,  probably,  has  its  continuity  interrupted  by  one  of  these  cells.     Beyond  the 

ganglion  spirale  the  nerve-fibres  extend  outwards,  at  first  in  bundles,  and  th''n 

in  a  more  or  less  continuous  sheet,  from  the  outer  edge  of  which  they  are  again 

collected  into   bundles,  which  pass  through  the  foramina  nervosa  of  the  labium 

tympanicum.      Beyond  this  they  appear  as  naked  axis -cylinders,  and,  tiirning 

in  a  spiral  manner  (inner  or  first  spiral  Aacicnlns),  send   fibrillse   towards  tlie 
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inner  row  of  hair  cells.  Other  fibrils  paae  outwards  between  the  inner  rods 
and  form  a  second  spiral  Eucicnlns  in  Corli's  tunnel,  from  which  fibrils  extend 
ontwards  across  the  tunnel,  and,  passing  between  the  outer  rods,  enter  Nuel's 
space-  They  form  a  spiral  fasciculus  on  the  inner  aspect  of  each  row  of  Deiters' 
cells,  and  from  these  fasciculi  fibrillie  pass  towards  the  bases  of  the  outer  hair  cella 

Schtrailbti  divides  the  auditory  nerve  into  three  portions,  viz. :  (1)  runna  ntricolo^mpaUariB, 
ccirrcspoudiug  with  the  ramus  vestibukria  already  desi^i'ilxnl  ;  (i)  nu&iu  uccnlo-iUDpallariB,  for 
tht'  Mociile  and  posterior  ampulla  ;  and  (3)  ramuB  cocMeuia,  for  the  ductus  cochlearia. 

TeiMlB  of  the  Internal  &J. — The  anditor;  artery,  a  branch  of  the  basilar,  enters  the  iutcmal 
auditory  meatus  and  divides  into  vestibular  and  cochlear  branches.  The  veatibular  branch  sup- 
plies the  soft  tisaues  in  the  vestibiile  and  semicircular  canals,  each  canal  receiving  two  arteriee, 
which,  starting  from  opposite  extremities  of  the  canal,  anastomut^e  on  the  summit  of  the  arch. 
The  cochlear  Drouch  divides  into  numerous  twica,  which  ent«r  the  foramina  in  the  tractua 
spiralis  foraminosus,  and  run  outwards  in  the  lamina  spiralis  ossea  to  reach  the  soft  stmctures  ; 
the  lar^t  of  these  arteries  runs  in  the  eanalis  centralis.  The  »tylo-mastoid  artery  also  supplies 
Koiue  minute  branches  to  the  cochlea.  Siebenmann  describes  the  auditory  artery  as  dividing  into 
three  brancheit,  viz. :  (1)  anterior  vestibular,  (2)  cochlear  proper,  and  (3)  vestibulo-cochlear.  The 
vaiai  from  the  cochlea  and  vestibule  unit«  at  the  bottom  of  the  meatus  with  the  veins  from  the 
Kemii-ircular  canals  to  form  the  internal  knditory  tsid,  which  may  either  open  into  the  posterior 
part  of  the  inferior  petrosal  sinus  or  into  the  lateral  sinus.  Small  veins  also  pass  through  the 
aqiteductus  cochlen  and  aqueductus  vestihuli,  the  former  opening  into  the  inferior  petrosal  sinus 
or  into  the  internal  jugular  vein,  the  latter  into  the  superior  petrosal  sinus. 

Development  of  Labybinth. 

The  epithelial  lining  of  the  labyrinth  ia  derived  from  an  invagination  of  the  cephalic 
ectoderm,  termed  the  anditoi?  pit,  which  appears  opposite  the  hind  brain  immediately 
above  the  first 
visceral  cleft. 
Tbe  month  of 
tiie  pit  is  closed 
by  the  growing 
together  of  ita 
margins,  and  it 
then  a ssu mes  the 
fonn  of  a  hollow 
vesicle,  the  otic 
vesicle,  lined  by 
epithelium  ;  the  i 
vesicle  sinks  into 
the  subjacent 
DieBoderm,  and 
is  met  by  the 
auditory  nerve 
growing  out 
from  the  neural 
creat.  The  vesi- 
cle soon  becomes  pjg_  BSB.— Siorioss  thbouoh  thb  Rsown  oi-  thk  Hren  Bium  of  F(et*l  Babbits 
pear-shaped  ;  lt«  (to  iilu8t™ie  the  developiuent  of  tlie  labyriuthLoB  epithelimu). 

™   »■  ^^t^,     '"  *  '''*  "toderm  la  iDvaginated  to  form  the  auditory  pit ;  in  B  the  »tiditory  pit  it  closed 

partisnameaine  ,„j  detache*!  from  the  «toderiii,  forming  the  otic  vesicle  ;  while  C  slows  a  further 
TSCeasna      laby  -  stage  in  the  derelopment  of  the  vesicle. 

rinthi,  and  forms 

the  future  ductus  endolymphatic  us.  About  the  fifth  week,  tbe  lower  part  of  tbe  vesicle 
ia  prolonged  forwards  as  a  tubular  elongation,  the  future  ductus  cochlearis.  This  is  at 
first  straight,  but  soon  becomes  curved  on  itself,  ao  that  at  tbe  twelfth  week  all  three  coils 
are  differentiated.  From  the  upper  part  of  the  vesicle  the  semicircular  canals  are  developed, 
and  appear  as  hollow,  disc-like  evaginations,  the  central  parts  of  tbe  two  walls  of  which 
coalesce  and  disappear,  leaving  only  the  peripheral  rings  or  ciinala.  The  three  caiinls  are 
free  about  the  bt^inning  of  the  second  mouth,  and  are  developed  in  the  following  order, 
viz.  :  superior,  posterior,  and  external.  The  intermediate  part  of  the  otic  vesicle  represents 
tbe  vestibule,  and  is  divided  by  a  constriction  into  an  anterior  part,  the  saccule,  communi- 
cating with  the  ductus  cochlearis,  and  a  posterior  portion,  the  utricle,  receiving  the  ex- 
tremities of  tbe  semicircular  canals.  The  constriction  extends  for  some  distance  into 
53 
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the  ductuB  endolj-mphaticus,  and  thus  the  utricle  and  saccule  are  onlj  indirectly  connected 
by  a  Y-Bhaped   tube.      Another  constriction  makes  its  appearance  between  the  saccule 

and  the  ductus  cochlearis  near  its 

commencement,     and    forms    the 

c&n&lis  rannleoi  of  Hensen.     Tiie 

epithelial  lining  is  at  first  columnar, 

but  becomes  cubical  throughout  tlie 

rior        whole  labyrinth,  except  opposite  the 

■ircnisr    term  illation  8  of  the  auditory  nerve, 

iriDT        where  it  forma  the  columnar  cpi- 

Vs.  circular    thelium  of  the  niaculie  of  the  utricle 

nut        and  saccule,  of  the  cristte  ampulla, 

iiraiiiir    a^nd  ^f  jj^g  organ  af  Corti,     On  the 

floor  of  the  ductus  cochlearis  two 

^'  ridges  appear,  of  which  the  inner 

forms  the  limbuB  lamintc  spirulia, 

whilst  the  cells  of  the  outer  become 

modified  to  form  the  rods  of  Corti, 

the  hair  cells,  and  the  supporting 

cells  of  Deit«r8  and  Hensen. 

g  The  mesoderm  surrounding  the 

P  otic  vesicle  is  differeutiated  into: 

(1)  a  fibrous  layer,  the  wall  of  the 

A,  Left  labyrinth  of  a  humsn  embryo  of  about  four  weeks  ;   B,   membranous     labvrinth  ■      t")     a 

Left  Ubjrinth  of  a  humsD  embryo  of  about  live  weeks  (from    me»"'^'^"0<ia      laoynnin  ,         .)      s 

W.  His,  jiin.)  cartilaginous  external  capsule,  the 

future  petrous  bone;  and  (3)  an 
intervening  layer  of  gelatinous  tissue,  which  is  ultimately  absorbed  to  form  the  peri- 
lymphatic space  between  the  bony  and  membranous  labyrinths. 
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The  peripheral  organs  of  the  Benee  of  taste  (orgaaon  gustua)  consist  of  groups  of 
modified  epithelial  oella,  termed  the  taste  bnds,  which  are  found  on  certain  parts  of 
the  tongue  and  its  immediate  neighbourhood. 

Taste  buds  are  present  in  laige  numbers  around  the  circumference  of  the 
papillie  rallata^,  while  some  are  also  found  on  their  opposing  walls  (Fig,  601).     They 


ipilla  vallata  of  huniao  tongue. 

llDm  3.  Tu<«  bndL  4.  I'Hplllx'. 


are  very  numerous  over  the  timbriie  linguae,  which  correspond  with  the  papillie  foIiatfF 
of  the  tongue  of  the  rabbit,  and  are  also  found  over  the  posterior  part  and  sides  uf 
the  tongue,  either  on  the  papillfe  fungiformes  or  throughout  the  stratified  epithelium. 
They  exist,  also,  on  the  buccal  surface  of  the  soft  palate  and  on  the  posterior  aspect 
of  the  epiglottis. 
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Structure  of  Taste  Buds  (Fia.  602). — They  are  oval  or  flask-shaped,  and 
occupy  nests  in  the  atratilied  epitbelium  of  the  regions  mentioned.  The  deep 
extremity  of  each  is  somewhat  expanded  and  rests  upon  the  eorium ;  the  free  end 
is  perforated  by  a  minute  pore,  termed  the  tnutatoiy  pore.  They  eonalBt  of  modified 
epithelial  cells,  which  are  grouped  under  the  two  varieties  of — (a)  supporting  celle, 


and  (ft)  guBtatory  cells  (Fig.  603),  The  anpporting  cells  are  elongated,  nucleated 
spindles,  and  are  mostly  arranged  like  cask  staves  to  form  the  outer  envelope  of 
the  bud.  Some  are,  however,  found  in  the  interior  of  the  bud,  amongst  the  gnstatoiy 
e«ll8.  The  latter  occupy  the  centre  of  the  bud,  and  present  a  nucleated  cell-body, 
which  ia  prolonged  into  a  peripheral  and  a  central  process.  The  peripheral  process 
is  rod-like  and  almost  hyaline,  and  terminates  at  the  gustatory  pore  in  a  hair- 
like filament,  gustatory  Iialr.  The  central 
process  passes  inwards  towards  the  deep 
extremity  of  the  bud,  where  it  ends  free, 
either  in  a  single  varicose  filament  or  by 
becoming  bifurcated  or  branched. 

Nerves  of  Taste.  — The  nerve  which 
supplies  the  taste  buds  over  the  anterior 
part  of  the  tongue  is  probably  the  chorda 
tympani,  which,  although  a  branch  of  the 
facial  nerve,  is  generally  regarded  as  being 
continuous  with  the  pars  intei-media  of 
Wriflberg ;  that  for  the  posterior  part  is  the 
glosso- pharyngeal.  The  internal  laryngeal 
branch  of  the  v^us  nerve  supplies  the 
epiglottis,  together  with  a  small  area  of  the 
tongue  immediately  in  front  of  it  The  nerve 
fibrils,  having  lost  their  medullary  sheaths,  ramify  partly  between  the  gustatory 
cells  and  partly  amongst  the  cells  of  the  bud  capsule.  It  was  formerly  thought 
that  the  nerve-fibrils  were  directly  continuous  with  the  central  ends  of  the 
gustatory  cells,  but  this  view  is  no  longer  entertained. 

The  ducts  of  Ebner's  glands  open  into  the  bottom  of  the  valleys  surrounding 
the  papillfe  vallatse,  and  the  serous-like  secretion  of  these  glands  probably  washes 
the  free  hair-like  extremities  of  the  gustatory  cells,  and  so  renders  them  ready  to 
be  stimulated  by  successive  substances.  It  should  be  added  that  there  is  a  close 
association  between  the  senses  of  smell  and  taste.  This  can  be  best  appreciated  by 
considering  the  defective  taste  perceptions  resulting  from  inflammatory  conditions 
of  the  nasal  mucous  membrane,  or  the  common  practice  of  holding  the  nose  in 
order  to  minimise  the  taste  of  nauseous  drugs. 


I.  S03.— Isolated  Cills  from  Tabtb  I 

or  Babbit  (Engelnwun). 
I,  Supporting  c*IL>,  i,  Gotlatorj  cslla, 
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ORGANS  OF  TOUCH. 
Thb  Skin. 

The  skiQ  (integuQientum  commune)  covera  the  txidy,  and  is  continuouw,  at  the 
orifices  od  its  surface,  with  the  mucoua  liDing  of  its  alimentary  and  other  canals.  It 
containe  the  peripheral  terminations  of  the  sensor)'  nerves,  and  serves  as  an  organ 
of  protection  to  the  deeper  tissues.  It  is  the  chief  factor  in  the  regulation  of  tlie 
liody  temperature,  and  by  means  of  the  sweat  and  sebaceous  glands,  which  open  on 
its  free  surface,  constitutes  an  important  excretory  structure.     Its  superficial  layers 

are  modified  to 
form  appendages 
in  the  shape  of 
hairs  and  nails. 
The  superficial 
"^  area   of  the   skin 

averages  about  one 
and  a  half  aquaie 
metres,  whilst  its 
thickness  varies 
from 05  to  4 mm,, 
being  greatest  on 
the  pauna  of  the 
hands  and  soles  of 
the  feet.aDd  on  the 
back  of  the  neck 
Hi  and  shoulders,  and 

least  on  the  eyehds 

and  peaia     It   is 

very    elastic    and 

^  resistant,  and   its 

colour,  determined 
partly  by  itji  own 
pigment  and 
partly  by  that  of 
the  blood,  is 
deeper  on  exposed 
parts  and  in  the 
regions  of  the  geni- 
p.pm.Mh.ir      .r«ini.„o«rpu«i.  ^^8,    axilliB,    ttnd 

Fio.  601— Vertical  Ssction  of  the  Skin  («;h>m>tic).  mammary    areola*, 

than  elsewhere. 
The  colour  also  varies  with  race  and  age,  the  different  races  of  the  world  l>eiu^' 
roughly  classified,  according  to  the  colour  of  their  skin,  into  the  three  giwups 
of  white,  yellow,  and  black.  Pinkish  in  colour  in  childhood,  the  skin  assumes  a 
yellowiah  tinge  in  old  age,  while  in  certain  diseases  {e.g.  icterus  and  melasiiui 
Addisonii)  it  undergoes  marked  alteration. 

The  surface  of  the  skin  is  perforated  by  the  hair  follicles  and  by  the  ducts  of  the 
sweat  and  sebaceous  glands,  and  on  the  palms,  soles,  and  flexor  aspect  of  the  digits 
it  presents  numerous  permanent  ridges  {cristie  cutis)  which  correspond  with  rows 
of  underlying  papillie.  Over  the  terminal  plialanges  these  ridges  form  distinctive 
patterns,  which  are  retained  from  youth  to  old  age,  and  are  utilised  for  purposes  ol 
identi  Heat  ion.  Folds  of  the  skin  (retinacula  cutis)  ate  seen  in  the  neighbuurhovd 
of  the  joints,  and  it  can  be  thrown  into  wrinkles  by  the  contraction  of  the  sul-- 
cutaneous  muscles,  where  these  exist.     Over  the  greater  part  of  the  body  it  is  freely 


STRUCTUEE  OF  THE  SKIN.  773 

movable ;  but  od  the  scalp  and  outer  surface  of  the  pinna,  as  well  as  on  the  palms 
and  soles,  it  is  bound  down  to  the  subjacent  tiseuee. 

The  skin  consists  of  two  strata,  viz. :  a  deep,  termed  the  dermis  or  corium,  and 
a  superficial,  named  the  epidermis  (Fig.  604). 

The  corium  gives  elasticity  and  sensibility  to  the  skin,  and  consists  esseotially 
of  a  felted  interlacement  of  connective  tissue  and  eleietic  fibres.     In  its  deeper  part, 
or  stntnm  reticnlare,  the  fibrous  bundles  are  coarse  and  form  an  open  network,  in 
the  meslies  of  which  are  vessels,  nerves,  pellets  of  fat,  hair  follicles,  and  glands. 
This  reticular  stratum  passes,  as  a  rule,  without  any  line  of  demarcation,  into  the 
panniculus  adiposus  or  subcutaneous  fatty  tissue,  but  in  some  parts  it  rests  upon  a 
layer  of  striped  or  unstriped  muscular  fibres — the  latter  in  the  case  of  the  scrotum. 
Id  the  superficial  layer,  or  atratum  papillare,  of  the  corium,  the  connective  tissue- 
bundles  are  finer  and 
form  a  close  network. 
Projecting  from  its  free 
surface    are   numerous 
finger-like,    single,    or 
branched       elevations, 
termed     prills     (Fig. 
605),  the  free  ends  of 
which  are  received  into 
corresponding    depres- 
sions on  the  under  sur-   I 
lace  of  the  epidermis.  1 
These  papillae  vary  in    = 
size,  being  small  on  the  s 
eyelids,  but  large  on  the    S. 
palms  and  soles,  where  | 
they  may  attain  a  length   a 
of  2'15  ft;  and  produce 
the  permanent  curved 
ridges  already  alluded 
lo.     Each  ridge  usually 
contains   two    rows   of 
papiUffi,  between  which 
the  ducts  of  the  sweat 

glands   paas    to    reach  .   ,  __  - " 

the     surface.       The  '  '"^ 

papiUs  consist  of  fine     *'■■'■  806.-VanTic*L  s««'of' »"  ^''"^'^  ^''^  ^'"'^  ""  '^o'"^" 
connective    tissue   and 

elastic  fibres,  mostly  arranged  parallel  to  the  long  axis  of  the  papilla.  The 
majority  contain  capillary  loops,  but  some  the  terminations  of  nerves.  The 
superficial  surface  of  the  corium  is  covered  by  a  thin,  homogeneous  basemeut 
membrane. 

The  epidermis  covers  the  corium ;  it  is  non-vascular  and  consists  of  stratified 
epithelium.  Its  superficial  layers  are  modified  to  form  the  stratum  coneiuii,  or  homy 
layer  of  the  akin,  which  may  be  separated  by  maceration  or  blistering  from  the  deeper, 
softer  portion,  or  stratum  macosnm  (Malpighi).  The  epidermis  consists  from  within 
outwards  of  the  following  five  strata  (Fig.  606) : — 

1.  The  basilar  layer,  or  atratnm  germinatiTiUD,  which  comprises  a  single  stratum 
of  nucleated  columnar  cells  planted  by  denticuUted  extremities  on  the  basement 
membrane  of  the  corium. 

2.  The  Btratom  mucoanm,  which  consists  of  six  or  eight  layers  of  polygonal, 
nucleated  "  prickle  "  or  "  finger  "  cells,  the  processes  of  which  join  those  of  adjacent 
cells.  Between  the  cells  of  this  layer  are  minute  channels,  in  which  leucoeytes  or 
pigment  granules  may  be  seen.  The  ceils  of  the  stratum  mucosum  are  charac- 
terised by  the  presence  of  numerous  epidermic  fibrils,  which  are  coloured  violet  by 
bxmatoxylin  and  red  by  carmine.  These  fibrils  are  unaffected  by  Ixriling,  but 
swell  up  under  the  action  of  acids  and  alkalies,  and  form  the  fihiments  of  union 

53  a 
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between  adjacent  cells.  On  account  of  their  presence,  L.  Eanvier  (Comjpt,  rend., 
Paris,  Jan.  1899,  tome  cxxviii.)  has  named  this  layer  the  stxatnm  fllamentosnm. 
The  dark  colour  of  the  negro's  skin  is  caused  by  the  presence  of  numerous  pigment 
granules  in  the  deeper  layers  of  this  stratum ;  the  pigment — of  which  melanin 
forms  an  important  constituent — is  absent  from  the  more  superficial  layers  of  the 
epidermis. 

3.  The  stratum  grannloBum,  which  comprises  two  or  three  layers  of  horizontally 
arranged,  flattened  cells,  scattered  around  the  nuclei  of  which  are  elliptical  or 
spherical  granules  of  eleidin,  a  substance  staining  deeply  with  carmine,  and  probably 
representing  an  intermediate  stage  between  the  protoplasm  of  the  deeper  ceUs  and 
the  keratin  of  the  superficial  layers. 

4.  The  stratum  lucidum,  which  is  an  apparently  homogeneous  layer,  but  is  in 
reality  made  up  of  several  strata  of  flattened  or  irregular  squames,  some  of  which 
may  contain  eleidin  granules. 

5.  The  stratum  comenm,  which  comprises  several  layers  of  flattened  non- 
nucleated  squames,  the  more  superficial  of  which  are  from  time  to  time  removed 
by  friction,  and  may  be  seen  partly  detached  on  the  surface.  Eanvier  named  these 
partly  detached  squames  the  stratum  di^junctum.  The  deeper  cells  contain  granules 
of  a  fatty  material  which  has  the  consistency  and  plasticity  of  beeswax,  and  stains 
with  osmic  acid.  The  peripheral  parts  of  the  cells  consist  of  keratin,  a  highly 
resistant  substance  which  is  unaffected  by  mineral  acids,  and  is  indigestible  in 
pepsin-hydrochloric  add.  Macleod  (Proceedings  of  the  Anatomical  Society  of 
Great  Britain  and  Ireland,  May,  1902)  found  that  after  digestion  of  the  stratum 
comeum  in  the  latter  fluid  the  cells  "  presented  the  appearance  of  a  fine  network, 
like  a  honeycomb,  the  contents  of  which  had  completely  gone.  The  periphery  of 
the  cell  alone  resisted  the  action  of  the  pepsin  and  had  become  keratinised." 

L.  Ranvier  (op.  ciL)  has  pointed  out  that  the  stratam  Incidom  is  really  double,  and  has  nanmi 
the  deeper  of  its  two  layers  the  stratum  intermediom ;  this  he  describes  as  consisting  of  two  or 
three  layers  of  clear  cells  with  atrophied  nuclei,  while  in  the  cell-walls  the  epidermic  fibrils  "an* 
rolled  up  like  the  threads  of  a  cocoon." 

Regeneration  of  the  epidermis  is  generally  I'egarded  as  tiiking  place  by  cell  proli feral iou  iu 
the  stratum  germinativum,  the  young  cells  gradually  passing  through  the  polyhedral  aud 
granidar  stages,  and  ultimately  becoming  the  homy  squames  of  the  stratum  comeum.  Proft'ssor 
Thomson  of  Oxford  considers  that,  although  this  view  meets  aU  the  requirements  in  white  rai«s 
a  difficulty  is  met  with  if  it  is  applied  to  coloured  races,  where  most  pigment  is  found  in  tlu- 
deeper  cells  of  the  stratum  mucosum,  while  the  superficial  layers  are  free  from  colour.  If  the 
deeper  cells  advance  to  the  surface,  it  is  only  reasonable  to  suppose  that  they  woidd  carrj'  thtii 
pigment  with  them.  This  theory,  therefore,  necessitates  a  satisfactory  explanation  of  tli*- 
disappearance  of  the  pigment  from  the  superficial  layers.  He  suggests  that  ]x)6sibly  the  growtli 
of  the  epidermis  is  analogous  to  the  growth  of  the  cork  cambium  of  plants,  the  stratum  muco(»uni 
corresponding  to  the  green  cells,  and  the  stratum  comeum  to  the  corfey  layer  of  the  cambium,  if 
such  be  the  case — and  he  insists  that  there  is  much  evidence  in  support  of  it — the  deeper  cf  11." 
would  advance  inwards  towards  the  corium,  and  the  superficial  cells  would  grow  outwards  toward.^ 
the  surface.  Under  this  view  the  active  layers  would  be  the  stratum  granulosum  and  stratum 
lucidum,  and  by  it  many  of  the  difficulties  would  be  explained,  including  the  mysterious  dis- 
appearance of  the  pigment  from  the  superficial  layers ;  it  would  also  afford  a  reasonable  explanation 
of  how  it  happens  that,  in  old  age,  a  negro's  hair  becomes  white,  while  his  skin  retains  ita 
blackness. 

Vessels  and  Nerves  of  the  Skin. — The  arteries  form  a  plexus  in  the  sub- 
cutaneous tissue  from  which  branches  extend  into  the  corium,  where  they  supply 
the  hair  follicles  and  glands,  and  form  a  second  plexus  under  the  papillae,  to  which 
small  loops  are  given.  The  veins  and  lymphatics  commence  in  the  papillse,  and, 
after  forming  a  subpapillary  plexus,  open  into  their  respective  subcutaneous  vessels. 

The  nerves  of  the  skin  vary  in  number  in  different  parts  of  the  body,  l)eing 
extremely  numerous  where  the  sense  of  touch  is  acute,  «.^.  on  the  palmar  aspect 
of  the  terminal  phalanges,  while  in  the  skin  of  the  back,  where  the  sensibUitv  is 
less,  they  are  fewer  in  number.  They  form  a  plexus  in  the  corium,  and  either 
terminate  amongst  the  cells  of  the  epidermis,  or  in  special  end  organs  named 
tactile  corpttscles.  Those  ending  in  the  epidermis  form  a  rich  subepithelial  plexus, 
from  which  delicate  fibrils  pass  between  the  cells  of  the  rete  mucosum,  where  they 
become  beaded,  and  end  in  rounded  swellings  on  flattened  discs — the  tactile  discs 
of  Eanvier. 
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The  special  end  organs  are  of  three  chief  varieties  (Fig-  606) :  (a)  CoTpnscnla 
Inilboidea  (Krausii),  found  on  the  lipe,  glans  penis,  etc,  and  consisting  of  a  connective 
tissue  capsule  enclosing  a  core  of  elongated  and  polygonal  cells,  amongst  which  the 
axis-cylinder  of  the  nerve  fibril  becomes  branched  and  its  ramifications  end  in 
clubbed  extremitie&     (b)  OonnuenlE  lamellou  (Vateri   and   Pacini).     These   are 
small,  oval  bodies,  with  a  long  diameter  of  2  to  3  mm.,  and  are  found  in  the 
aubcutaueoua  tissue  attached  to  the  nerve  trunks.     They  are  very  numerous  on 
the  digital  nerves,  but  are  present  in  many  other  situationB,  e.g.  in  the  mesentery. 
Each  possesses  a  sheath,  consisting  of  a  number  of  couceDtrically  arranged  connective 
tissue  lamell<£,  covered  by  endothelium  continuous  with  the  perineurium.     Tbe 
uentral  part  of  each  corpuscle  consists  of  a  soft,  almost  homogeneous  core.     The 
nerve- fibre  passes  along  the 
centre  of  the  stalk  of  the 
corpuscle, and, reaching  the 
core,   loses   its  medullary 
sheath,   whilst    its    axis- 
cyliofler   passes   into   the 
core  and  Itecomes  branched 
near  its  distal  extremity, 
the    branches   ending    in 
bulbous  enlargements,    (c) 
Corpnsciila    tactus    (Mels- 
sneri).      These    are   very 
numerous    on    the  flexor 
aspect  of  the   hands  and 

feet,  and  especially  so  in         ^  c 

the  skin  over  the  terminal  „     .„.,     .„ 

,    ,  u    •    1.L  1  *'<•■  608.— Tactile  Corfusclis. 

phalanges ;  but  they  also  ,  ^  ,,.  ,,.,v 

■^    -    .    .°       ',  ..        r  .L  A,  Eiid  bulb  (Kriuse). 

exist  in  other  parts  of  the  b,  Corpu.cie  ot  PMini     1  ,  „    „     .   . 

body.    They  occupy  certain  C,  Corpuscle  of  MeiMner  /  '""■■  «»°"«'■^ 

of  thepapilleeof  thecorium, 

and  are  oval  in  shape,  their  long  diameter  in  the  hand  being  from  110/x  to  160^ 
They  consist  of  a  connective  tissue  capsule,  which  sends  imperfect  sepia  into  the 
interior  of  the  corpuscle.  One  or  two  nerve-fibres  perforate  the  capsule,  either 
directly  or  after  taking  a  spiral  course  around  it ;  and  losing,  as  a  general  rule, 
their  medullary  sheath,  their  axis-cylinders  break  up  into  fibrils,  which  end  in 
globular  or  discoid  enlargementa 

Ruffini  haa  described  a  sp^ial  variety  of  l^rminal  corpusde  in  the  human  finger.  They  are 
termed  Bnfflni'a  sndingB,  and  are  situated  either  at  the  junction  of  the  oorium  and  subcutoneoua 
tissue,  or  are  embedded  in  the  latter.  Of  an  oval  shape,  they  consist  of  a  connective  capeule 
within  whicli  the  axis-iylinder  divides  into  varicose  falaments,  and  these  ttrminate  in  small 


Appendages  of  the  Skin. 

The  appendages  of  the  skin  comprise  the  nails,  the  hairs,  the  sebaceous,  and  the 
sudoriparous  or  sweat  glands. 

Nails. — The  nails  or  ungues  (Figs.  607,  608)  are  epidermal  structures,  and,  in 
man,  represeut  the  hoofs  and  claws  of  the  lower  animals.  The  root  of  the  nail,  or 
radix  unguis,  is  hidden  from  view  and  embedded  in  a  fold  of  skin ;  the  body  (corpus 
unguis),  or  uncovered  part,  rests  on  the  corium  and  ends  in  a  tna  edge  (margo 
lilier).  The  greater  part  of  the  lateral  margins  is  overlapped  by  a  duplicature 
of  skin,  termed  the  nail-wall  or  vallum  unsnis.  The  nails  are  pink  in  colour,  with 
the  exception  of  a  small  semilunar  area  near  the  root,  which  is  more  opaque  than 
the  rest,  and  is  named  the  lunula.  The  lunnlie  diminish  in  size  from  the  thumb 
towards  the  little  finger,  while  the  thickness  of  the  nail  diminishes  towards  its  root 
and  lateral  margins.  The  corium  under  the  nail  is  liighly  vascular  and  sensitive, 
and  preaents,  especially  under  the  anterior  part  of  the  body,  numerous  longitudin- 
ally arranged  papillee.  Tbe  part  of  the  corium  under  the  body  is  termed  the  nail 
b«d ;  that  under  the  root,  the  nail  mataix.     The  deep  part  of  the  nail  consists  of 
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curly  haira — invagination  of  the  epidermis  and  corium,  which  in  the  case  of  large 
hairs  extends  into  the  subcutaneous  tissue  (Fig.  604) ;  some  little  distance  below  its 
orifice  the  ducts  of  the  sebaceous  glands  open  into  it.  The  portion  of  the  follicle 
derived  from  the  coiium  (dermic  coat)  consists  of  a  fibrous  sheath  of  external  longi- 
tudinal and  internal  circular  connective  tissue  fibres,  the  latter  being  lined  by  a 
hyaline  layer  directly  continuous  with  the  basement  membrane  of  tlie  corium.  The 
parte  of  the  follicle  derived  from  the  epidermis  are  named  the  inner  and  oater  root 
aheftthfl.  Below  the  orifices  of  the  sebaceous  gland  ducts  the  outer  root  sheath  is 
formed  by  the  stratum  germinativum  and  stratum  mucosum,  while  above  them  all 
the  epidermal  strata  contribute  to  it.  The  inner  root  sheath  surrounds  the  cuticle 
of  the  hair,  and  consists  from  without  inwards  of—  (a)  Htidt's  layer,  a  single  stratum 
of  nucleated,  cubical  cells ;  (6)  Huxley's  layer,  a  single  or  double  layer  of  polyhedral 
nucleated  cells  ;  and  (c)  a  delicate  cuticle,  consisting  of  a  single  layer  of  flattened 
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imbricated  cells,  with  iitropbied  nuclei.  The  bottom  of  the  hair  follicle  is  indented 
by  a  vascular  papilla  (papilla  pili),  derived  from  the  coririm  and  capped  by  the 
bulb  (bulbuB  pili)  or  expanded  part  of  the  hair  root.  The  cells  of  the  bulb  are 
coutinuoua  with  those  of  the  outer  root  sheath,  and  form  the  different  parts  of  the 
hair,  as  well  as  its  inner  root  sheath.  The  vessels  forui  capillary  loops  in  the  papilla 
of  the  hair,  and  send  twigs  into  the  outer  layer  of  its  fibrous  sheath;  the  inner 
and  outer  root  sheaths  and  the  different  parts  of  the  hair  are  non-vascular.  The 
nerves  terminate  in  longitudinal  and  annular  fibrils  below  the  level  of  the  sebaceous 
glands  and  outside  the  hyaline  layer  of  the  follicle. 

Sebaceoas  glands  (glandulae  sebacea?)  exist  wherever  there  are  hairs,  and  their 
ducta  open  into  the  superficial  part  of  the  hair  follicles  (Fig.  604);  the  number  of 
glands  assiKiiated  with  each  follicle  varies  from  one  to  four.  On  the  labia  minora 
and  mammary  areola  they  open  on  the  surface  of  the  skin  independently  of  hair 
follicles,  and  in  the  latter  situation  undergo  great  enlargement  during  pregnancy. 
The  deep  extremity  of  each  gland  expands  into  a  cluster  of  oval  or  fiask-shaped 
alveoli,  whicli  are  surrounded  by  a  Liasement  membrane,  and  filled  with  polyhedral 
ci'lls  containing  oil  droplets.  By  the  breaking  down  of  the  superficial  cells,  their 
oily  contents  are  liberated  as  the  sebum  cutaneum  and  discharged  into  the  hair 
follicle,  whilst  the  deeper  cells  undergo  proliferation.     The  size  of  the  gland  bears 
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no  proportion  to  that  of  the  hairs,  since  they  are  very  large  in  the  minute  hair 
follicles  of  the  foetus  and  newly  born  child,  and  also  in  the  follicles  of  the  rudimen- 
tary hairs  of  the  nose  and  certain  parts  of  the  face. 

Bundles  of  non-striped  muscular  fibre  are  associated  with  the  hair  follicleSi  and 
are  named  the  mm.  axrectores  pilomm.  Attached  to  the  deep  part  of  the  hair  follicle, 
and  forming  with  it  an  acute  angle,  they  pass  outwards  close  to  the  sebaceous 
glands,  to  end  in  the  papillary  layer  of  the  corium.  Situated  on  the  side  of  the 
hair  towards  which  it  slopes,  they,  on  contraction,  diminish  the  obliquity  of 
the  hair  follicle  and  render  the  hair  more  erect,  and,  at  the  same  time,  com- 
press the  sebaceous  glands  and  expel  their  contenta  The  condition  of  "goose- 
skin  '*  is  caused  by  the  contraction  of  these  slender  muscles. 

Thomson  suggests  that  the  condition  of  curly  hair  is  produced  by  the  contraction  of  these 
small  muscles.  Straight  hair  is  thick  and  rounded ;  curly  hair  is  fiat  and  ribbon-like.  When 
the  erector  muscle  contracts,  the  thick  rounded  hair  resists  the  tendency  of  the  muscle  to  bend  it, 
while  the  flat  hair,  not  sufficiently  strong  to  resist  the  strain  of  the  muscle,  becomes  bent,  and 
this  is  probably  the  explanation  why  the  follicle  assumes  the  curved  form  characteristic  of  the 
scalp  of  a  bushman.  Tbe  sebaceous  gland  lies  in  the  concavity  of  the  bend  between  the  follicle 
and  the  muscle,  and  forms  a  mass  of  greater  resistance,  around  which  the  follicle  may  be  curved 
by  the  contraction  of  the  muscle.  Tae  cells  at  the  root  of  the  hair  accommodate  themselves  to 
the  curved  follicle,  and,  becoming  more  homy  as  they  advance  to  the  surface,  retain  the  form 
of  the  follicle  in  which  they  are  moulded. 

The  Budoriparous  or  sweat  glands  (glandulae  sudoriferse)  are  relatively  few  in 
number  on  the  back  of  the  trunk,  but  are  very  plentiful  on  the  palms  and  soles, 
where  they  open  on  the  summits  of  the  curved  ridgea  Each  consists  of  an  elongated 
tube,  the  deeper  portion  of  which  forms  its  secretory  part,  and  is  coiled  in  the  sub> 
cutaneous  tissue  or  deep  part  of  the  corium  in  the  form  of  an  ovoid  or  spherical  ball, 
termed  the  glomemlas  or  coipus  glandulsB  sndorifenB  (Fig.  604).  The  superficial  part 
of  the  tube,  or  dactns  sndoriferus,  extends  through  the  corium  and  epidermis, 
and  opens  on  the  surface  by  a  funnel-shaped  orifice,  the  poms  siidorifems ;  where 
the  epidermis  is  thick  the  duct  is  spirally  coiled.  The  glomeruli,  as  a  rule,  vary  in 
diameter  from  0*1  to  0*5  mm.,  but  in  the  axillae  they  are  much  larger,  and  may 
measure  from  1  to  4  mm.  Each  is  surrounded  by  a  capillary  network  and  by  a 
capsule  of  connective  tissue,  inside  which  is  a  homogeneous  basement  membrana 
The  lumen  of  the  tube  is  lined  by  a  layer  of  nucleated,  granular,  and  striated, 
columnar,  or  prismatic  epithelium,  between  the  deep  extremities  of  which  and  the 
basement  membrane  is  a  layer  of  non-striped  muscular  fibres,  the  long  axis  of  which 
is  more  or  less  parallel  with  that  of  the  tube.  The  excretory  ducts  are  devoid  of 
muscular  fibres,  and  consist  of  a  basement  membrane  lined  by  two  or  three  layers 
of  polyhedral  cells,  which  are  covered,  next  the  lumen  of  the  tube,  by  a  thin 
cuticle. 

The  glands  of  Moll  (glandulae  ciliares),  opening  at  the  margins  of  the  eyelids,  and 
the  glandols  ceruminoss  of  the  external  auditory  meatus,  are  modified  sudoriparous 
glands ;  the  former  are,  however,  not  coiled  up  to  form  glomeruli,  while  the  cell 
protoplasm  of  the  latter  contains  yellowish  pigment,  and  their  gland  ducts,  in  the 
foetus,  open  into  hair  follicles. 

Development  of  the  Skin  and  its  Appendages. 

Skin. — The  vascular  and  seusitive  corium  is  developed  from  the  mesoderm,  the  cells 
of  which,  immediately  underlying  the  ectoderm,  have,  by  the  second  month  of  foetal  life, 
become  aggregated  together  and  flattened  parallel  to  the  surface  of  the  embryo.  By  the 
third  month  they  are  seen  to  form  two  layers,  the  superficial  of  which  becomes  the 
corium,  and  the  deeper  the  subcutaneous  tissue ;  the  papillae  of  the  corium  make  their 
appearance  in  the  fourth  month.  The  epidermis,  nails,  hairs,  sweat  and  sebaceous  glands 
are  all  of  ectodermal  origin. 

The  epidermis  at  first  consists  of  a  single  layer  of  cells,  but  by  the  end  of  the  second 
month  it  is  duplicated,  and  then  exhibits  a  superficial  layer  of  irregular  cells  and  a  deeper 
layer  of  more  or  less  cubical  cells.  By  the  third  month  three  strata  are  seen  :  (a)  a  deep 
layer,  consisting  of  a  single  stratum  of  cubical  cells — the  future  stratum  germinativum ; 
(6)  a  middle  layer,  comprising  two  or  three  strata  of  irregular  cells — the  future  stratuoi 


DEVELOPMENT  OF  THE  SKIN  AND  ITS  APPENDAGES.       779 

muooBum ;  and  (c)  an  outer  layer,  a  double  stratum  of  large  cells.  This  outer  layer 
appears  to  be  homologous  with  a  thin  membrane,  termed  the  epttrichium,  first  described 
as  covering  the  embryo  of  the  sloth  and  overlying  its  hairs,  but  since  shown  to  be  present 
in  birds  and  mammals.  Over  the  hairy  parte  of  the  body  it  disappears  about  the  sixth 
month;  but  over  the  free  edge  and  root  of  the  nails,  and  on  the  palms  and  soles,  it 
develops  into  several  layers  of  cells,  which,  in  these  parts,  probably  persist  to  form  the 
thick  stratum  comeum.  The  part  which  persists  over  the  root  of  the  nail  is  termed 
the  eponychium^  and  covers  the  proximal  part  of  the  lunula  {vide  p.  776).  The  stratum 
lucidum  is  differentiated  from  the  cells  of  the  epitrichium,  and,  where  the  latter  is  lost, 
possibly  forms  the  superficial  layer  of  the  epidermis  as  it  does  the  horny  part  of  the  nails. 

Nails. — The  first  rudiment  of  the  nails  is  seen  about  the  beginning  of  the  third 
month  of  embryonic  life,  and  consists  of  a  thickening  of  the  epitrichium  over  the  extremity 
of  the  digits.  Owing  to  the  growth  of  the  palmar  aspect  of  the  digits,  the  nail  rudiment 
comes  to  be  placed  dorsally,  and,  at  its  proximal  edge,  an  ingrowth  of  the  stratum 
mucosum  occurs  to  form  its  root,  while  the  future  nail  becomes  limited  behind  and  later- 
ally by  a  groove.  The  superficial  cells  of  the  stratum  mucosum  become  keratinised  to 
form  a  thick  stratum  lucidum,  the  future  nail  proper,  over  the  greater  part  of  which  the 
epitrichium  disappears.  The  latter  persists  in  the  adult  as  the  perionyx  across  the  root 
of  the  nail,  and,  until  fifth  month,  also  forms  a  thick  mass  over  the  extremity  of  the  nail, 
and  is  continued  into  the  stratum  comeum  over  the  end  of  the  digit.  The  future  distal 
edge  of  the  nail,  at  this  stage,  is  continuous  with  the  stratum  lucidum  in  front  of  it ;  but 
this  continuity  is  lost,  and  by  the  seventh  month  the  nail  presents  a  free  border.  The 
nails  grow  in  length,  and  are  renewed,  in  case  of  removal,  by  a  proliferation  of  the  cells 
of  the  stratum  mucosum  at  the  root  of  the  nail,  while  an  increase  in  their  thickness  takes 
place  from  the  part  of  the  same  stratum  which  underlies  the  lunula. 

Hairs. — ^The  hair  rudiments  appear  about  the  third  month  of  embryonic  life  as  solid 
downgrowths  of  the  stratum  mucosum,  which  pass  obliquely  into  the  subjacent  corium. 
The  deep  end  of  this  column  of  cells  becomes  expanded  to  form  the  hair  bulb,  and  rests 
on  a  papilla  derived  from  the  corium,  the  epidermis  immediately  overlying  which  becomes 
differentiated  into  the  hair  and  its  inner  root  sheath,  while  the  peripheral  cells  form  its 
outer  root  sheath.  The  surrounding  corium  becomes  condensed  to  form  the  fibrous  sheath 
of  the  hair  follicle,  the  hyaline  layer  of  which  is  continuous  with  the  basement  membrane 
covering  the  corium.  The  hair  gradually  elongates,  and,  reaching  the  neck  of  tbe  follicle, 
its  extremity  lies  at  first  under  th^  epitrichium,  but  becomes  free  on  the  disappearance  of 
the  latter.  This  takes  place  about  the  fifth  month,  and  the  first  crop  of  hairs  constitutes 
the  lanugo^  which  is  well  developed  by  the  seventh  month.  The  lanugo  consists  of  very 
delicate  hairs,  some  of  which  are  shed  before,  the  remainder  shortly  after  birth — the  last 
to  drop  out  being  those  of  the  eyelashes  and  scalp — and  are  replaced  by  stronger  hairs. 
Shedding  and  renewal  of  the  hairs  take  place  during  life,  the  renewal  being,  of  course,  absent 
in  the  case  of  baldness.  Prior  to  the  shedding  of  a  hair  active  growth  and  proliferation 
of  the  cells  of  the  hair  bulb  cease,  and  the  papilla  becomes  atrophied,  while  the  hair  root, 
gradually  approaching  the  surface,  at  last  drops  out.  New  hairs  arise  from  epidermic 
buds,  which  extend  downwards  from  the  follicle,  and  their  development  is  identical  with 
that  of  the  original  hairs. 

Sebaceous  Glands. — These  appear  about  the  fifth  month  as  solid  outgrowths  from 
the  sides  of  the  hair  follicles,  and  consist  of  epidermal  offshoots  continued  from  the  cells 
of  the  outer  root  sheath.  Their  deep  ends  become  enlarged  and  lobulated,  to  form  the 
secreting  part  of  the  gland,  while  the  narrow  neck  connecting  this  with  the  follicle  forms 
its  duct.  The  sebaceous  secretion,  together  with  the  cast-off  epidermal  cells,  is  collected 
on  the  surface  of  the  body  during  the  last  months  of  intrauterine  life,  and  forms  a  layer 
of  varying  thickness,  termed  the  vernix  caseosa  or  smegma  embryonum. 

Sweat  Glands. — These,  like  the  hairs,  arise  as  solid  downgrowths  of  the  stratum 
mucosum.  They  descend,  however,  perpendicularly,  instead  of  obliquely,  and  are  of  a 
yellowish  colour ;  they  appear  on  the  palms  and  soles  early  in  the  fifth  month,  but  much 
later  over  the  hairy  parts  of  the  body.  The  downgrowths  extend  through  the  corium,  and, 
on  reaching  the  subcutaneous  tissue,  become  coiled  up  to  form  the  secreting  part  of  the 
gland.     The  lumen  of  the  gland  does  not  open  on  the  surface  until  the  seventh  month. 


THE   VASCULAR  SYSTEM. 

By  Alfred  H.  Young  and  Arthur  Robinson. 

The  vascular  system  consists  of  a  series  of  tubular  vessels,  with  more  or  less 
distinct  walls,  which  run  through  all  parts  of  the  body.  Some  contain  blood,  others 
are  filled  with  a  colourless  fluid  called  lymph ;  hence  the  distinction  between  the 
blood- vascular  system  and  the  lymph-vascular  system.  The  two  systems  differ,  not 
only  as  regards  their  contents,  but  also  in  their  relations  to  the  tissues  amongst 
which  they  lie;  for  whilst  the  vessels  of  the  former  system,  with  the  possible 
exception  of  the  splenic  vessels,  are  closed,  those  of  the  latter  communicate  freely 
with  intercellular  spaces  and  serous  saca 

The  blood-vascular  system  is  tubular  throughout ;  the  tubes  or  vessels  possess 
distinct  walls ;  they  vary  in  size  and  in  the  structure  of  their  walls,  but  all  con- 
tain blood,  which  is  conveyed  through  them  to  and  from  the  tissue  elements  of  the 
body.  The  blood  is  propelled  along  the  vessels  chiefly  by  a  central  propulfflve 
organ — the  heart.  The  outgoing  vessels  from  the  heart,  along  which  blood  is 
transmitted  to  the  tissues,  are  termed  arteries ;  the  vessels  which  return  blood  from 
the  tissues  to  the  heart  are  known  as  veins;  whilst  the  smallest  tubes — those  which 
connect  the  arteries  and  veins  together,  constituting  at  once  the  terminations  of 
the  arteries  and  the  commencements  of  the  veins — are  called  capillaries. 

Blood  capillaries  are  very  small  (hair-like)  vessels  with  exceedingly  thin  walls, 
which  permit  of  the  easy  passage  outwards  of  the  nutritive  plasma  from  the  blood 
to  the  tissues,  and,  in  the  opposite  direction,  of  some  of  the  products  of  tissue  changes 
and  of  modified  food  material  from  the  alimentary  canal. 

Arteries  and  veins  are  simply  conducting  passages;  structurally  they  difier 
from  capillaries  in  the  greater  complexity  of  their  walla  They  vary  greatly  in  size, 
but  are  always  larger  than  capillaries.  The  calibres  of  the  arteries  and  veios 
increase  progressively  from  the  periphery  up  to  the  heart,  where  the  vessels  reach 
their  greatest  size.  With  the  incre€Lse  in  calibre  there  is  a  corresponding  increase 
in  the  thickness  and  complexity  of  their  walla 

Structure  of  Blood  Capillaries. — Capillaries  measure  from  ^j^  to  ^jf^  of  an 
inch  in  diameter,  and  about  -jV  to  -^  of  an  inch  in  length.  Their  walls  are 
simple,  and,  in  the  smallest  capillaries,  consist  principally  of  elongated  elastic  endo- 
thelial cells,  with  sinuous  edges,  pointed  extremities,  and  oval  nuclei.  The  cells  are 
cemented  to  one  another  alon§  their  margins  by  intercellular  cement,  which  readily 
stains  with  nitrate  of  silver.  Here  and  there  the  cement  substance  appears  to  accu- 
mulate, forming  minute  spots  indicative  of  the  less  perfect  apposition  of  the  edgt* 
of  the  cells.  These  spots,  when  small,  form  the  so-called  stigmata ;  when  larger 
they  are  known  as  stomata. 

The  larger  capillaries  are  invested  by  a  connective  tissue  sheath  consisting  of 
branched  cells  which  are  united  together  and  to  the  endothelial  cells  of  the  capillaiy 
wall.     This  sheath  is  termed  the  adventitia  capillaris. 

Capillaries  are  arranged  in  networks,  the  nature  and  character  of  which  differ 
in  different  tissues.  The  small  arteries  which  end  in  them  are  known  as  cainllaiT 
arterioles,  and  the  venous  radicles  which  commence  from  them  are  appropriately 
termed  capillary  veins. 
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Structure  of  arteries  and  veins. — The  delicate  elastic  endothelial  membrane 
forming  the  wall  of  the  simplest  capillaries  extends  as  a  continuous  lining  through- 
out the  whole  of  the  blood-vascular  system.  The  constituent  cells  are  fusiform, 
narrow,  and  pointed  in  the  arteries,  whilst  in  the  veins  they  are  somewhat  shorter 
and  broader. 

The  most  essential  structural  difference  between  capillaries  and  the  arteries  and 
veins  which  they  unite  together,  is  to  be  found  in  the  presence,  in  both  of  the  latter, 
of  involuntary  muscular  fibres  inter- 
posed between  the  endothelial  lining  t-  ^^^^ 
and  the  outer  connective  tissue 
sheath.  In  small  vessels,  e.g,  capil-  '  "*  '* 
lary  arterioles,  the  muscle  cells  are 
few  in  number  and  more  or  less 
scattered.      In    larger    vessels    the 
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Fio.  610. — Strocture  of  Blood- Vessels  (diagrammatic). 
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Capillary  arteriole — Khowiiig  niuaclrt  cells  of  middle  coat,  few 
and  scattered.  C.  Artery— muscular  elements  of  the  tunica 
media  forming  a  continuous  layer. 


a  continuous  layer,  whilst  yellow 
elastic  and  ordinary  white  connec- 
tive tissue  are  added  in  varying  proportions.  The  walls  of  the  vessels  thus  become 
more  complex,  and  numerous  strata  may  be  distinguished ;  these,  however,  are  for 
convenience  regarded  as  forming  three  layers,  which  are  known  as  the  inner, 
middle,  and  outer  coats,  superadded  to  which  is  the  investing  common  sheath. 

Structure  of  Arteries. — The  walls  of  arteries  are  stronger  and  thicker  than 
those  of  veins  of  corresponding  size,  the  inner  and  middle  coats  being  particularly 
rich  in  elastic  and  muscular  elements. 

Inner  coat  (tunica  intima). — The  simple  endothelial  layer  of  the  arterioles  is 
strengthened  by  the  addition  of  yellow  elastic  tissue,  the   fibres  of  which   are 

arranged  in  such  a  manner  as  to  simulate  a  fene- 
strated membrane.  In  arteries  of  medium  size  the 
elastic  lamina  is  separated  from  the  endothelium  by 
a  layer  of  connective  tissue  consisting  of  branched 
cells  and  numerous  fibrils.  In  the  larger  arteries 
the  sub-endothelial  connective  tissue  is  considerably 
increased,  and  delicate  elastic  fibres  appear  which 
connect  it  with  the  more  externally  situated  fene- 
strated elastic  layer. 

The  middle  ooat  (tunica  media)  in  the  capil- 
lary arterioles  consists  solely  of  scattered  unstriped 
muscle  fibres;  the  individual  fibres  are  circularly 
disposed,  but  do  not  entirely  surround  the  vessel. 
In  small  arteries  the  muscle  cells  are  so  far  increased 
in  amount  that  they  form  a  continuous  though  thin 
layer.  As  the  arteries  increase  in  size  additional 
layers  of  muscle  cells  are  added,  and  the  greater 
thickness  of  the  arterial  wall  is  mainly  due  to  this 
increase  of  the  muscular  elements  of  the  middle  coat. 
In  the  larger  vessels  delicate  laminae  of  elastic  tissue 
alternate  with  the  layers  of  muscular  fibres,  and  in 
the  aorta  and  the  carotid  arteries,  as  well  as  in  some  of 

Fio.  611.-TRAN8VERSB  SECTION  thc  branchcs  of  the  kttcr,  the  ckstic  clemcnts  krgcly 

THROUGH  THE  Wall  OF  A  Larob  prcponderatc.     In  the  first  part  of  the  aorta,  in  the 

Artery.  pulmonary  artery,  and  in  the  arteries  of  the  retina,  the 

A,  Tnnicajntimaj^  B,^nica  media.       muscular    fibres    are    entirely   replaced    by  elastic 

tissue. 
The  external  coat  (tunica  externa)  of  an  artery  consists  almost  entirely  of 
fibrillated  connective  tissue,  with  connective  tissue  corpuscles  lying  in  corre- 
sponding spaces.  In  all  but  the  smallest  arteries  numerous  elastic  fibres  are  also 
present.  The  elastic  element  is  specially  strong  near  the  middle  coat  in  small 
and   medium   sized   vessels,  and  is  sometimes  described  as  the  external  elastic 
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membrane  of  Henle.     In  Bome  arteries  longitudinally  arranged  unBtriped  muscular 
fibres  are  also  found  in  the  external  coat. 

The  Bheatb  of  an  artery  (vagina  vasls). — In  addition  to  the  three  coate 
above  described,  arteries  are  enclosed  in  a  sheath  of  the  surrounding  connective 
tissue,  and  are  more  or  less  connected  with  it  by  fine  strands  of  fibrillated 
connective  tissue. 

Structure  of  Veins. — The  walls  of  veins  are  similar  in  structure  to  those 
of  arteries;  they  are,  however,  thinner,  so  much  so,  that,  although  veins  are 
cylindrical  tubes  when  full  of  blood,  they  collapse  when  empty,  and  their  lumins 
almost  disappear.  The  structural  details  of  the  three  coata  vary  somewhat  in 
different  veius ;  in  most  the  inner  coat  is  marked  by  folds  which  constitute  valves. 
Like  the  arteries,  the  veins  are  enclosed  in  connective  tissue  sheaths. 

The  inner  ooat  (tunica  intima). — In  the  majority  of  the  veins  the  inner  coat 
includes  an  internal  endothelial  layer,  a  middle  layer  of  sub-endothelial  connective 
tissue,  and  an  outer  layer  of  elastic  tissue.     The  inner  coat  of  a  vein  is  less  brittle 
than  the  inner  coat  of  an  artery,  and  is  more  easily 
'    peeled  off  from  the  middle  coat.     The  sub-endothehal 
tissue  is  a  fine  fibrillated  connective  tissue,  less  abund- 
ant than  in  the  arteries,  and  indeed  in  many  cases  it  is 
absent.     The   elastic   layer  consists  of  lamellaf  of 
g  elastic  fibres  which  are  arranged  longitudinally,  and 
it  rarely  forms  a  fenestrated  membrane. 

One  of  the  chief  peculiarities  of  the  inner  coat 
is  the  presence  of  folds  of  its  substance  which  con- 
stitute toItcb.     The  valves  are  of  semilunar  shape, 
and   they   are    usually   arranged    in   pairs.      Their 
convex  borders  are  continuous  with  the  vessel  wall, 
and  their  free  borders  are  turned  towards  the  heart: 
^  whilst,  therefore,  they  do  not  interfere  with  the  free 
flow  of  blood  onwards,  they  prevent  any  backward 
flow  towards  the  periphery,  and  they  help  to  sustain 
PiQ.  612.— Thabbvibbb  shctiom  ok   the  column  of  blood  in  all  vessels  in  which  there  is  an 
tMK  Wall  of  a  Viin.  upward  flow.     Each  valve  consists  of  a  fold  of  the 

A,  Tuntci  iniima.  B,  Tiinic*  medii.  inner  Or  endothelial  layer,  strengthened  by  a  httle 
connective  tissue.  As  a  general  rule,  the  wall  of  the 
vein  is  dilated  above  each  valve  into  a  shallow  pouch  or  sinus ;  consequently,  when 
the  veins  are  distended  they  assume  a  nodulated  appearance.  The  valves  are  more 
numerous  in  the  deep  than  in  the  superficial  veins,  and  in  the  veins  of  children 
than  in  the  veins  of  adults. 

The  middle  coat  (tunica  media)  is  much  thinner  than  the  corresponding  coat 
of  an  artery,  and  it  contains  a  smaller  amount  of  muscular  and  a  larger  amount 
of  ordinary  connective  tissue ;  indeed,  so  much  does  the  latter  preponderate  that  it 
separates  the  muscular  fibres  into  a  number  of  bands  isolated  from  each  other  by 
strands  of  connective  tissue,  and  the  muscle  fibres  do  not  form  a  continuous  layer. 
In  some  of  the  veins  the  more  internal  muscular  fibres  do  not  retain  the  transverse 
direction  which  is  usually  met  with  both  in  arteries  and  veins ;  on  the  contrary, 
they  run  longitudinally.  This  condition  is  met  with  in  the  branches  of  the 
mesenteric  veins,  in  the  femoral  and  iliac  veins,  and  in  the  umbilical  veina  The 
middle  coat  is  absent  in  the  thoracic  part  of  the  inferior  vena  cava ;  it  is  but 
slightly  developed  in  many  of  the  larger  veins,  whilst  in  the  jugular  veins  its 
muscular  tissue  is  very  small  in  amount. 

The  external  ooat(tunicaesterna). — This  coat  consists  of  white  fibrousand  elastic 
tissue.  In  many  of  the  larger  veins  a  considerable  amount  of  muscular  tissue  is  alfi» 
present ;  this  is  the  case  in  the  ihac  and  axillary  veins,  the  abdominal  part  of  the 
inferior  vena  cava,  the  azygos  veins,  and  in  the  renal,  spermatic,  splenic,  superior 
mesenteric,  portal,  and  hepatic  veins.  The  striped  muscle  fibres  of  the  heart  are  pro- 
longed into  it  at  the  terminations  of  the  vense  cavte.  Theexternal  coat  is  frequently 
thicker  than  the  middle  coat,  and  the  two  are  not  easily  separable  from  one  another. 
Vascular  and  Nervous  Supply  of  Arteries  and  Veins.— Blood-veeHela— The 
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walls  of  the  blood-vessels  are  supplied  by  numerous  small  arteries,  called  vasa 
vasorum,  which  are  distributed  to  the  outer  and  middle  coats.  They  arise  either 
from  the  vessels  they  supply  or  from  adjacent  arteries,  and  after  a  short  course 
enter  the  walls  of  the  vessels  in  which  they  end.  The  blood  is  returned  by  small 
venae  vasorum. 

Lymphatics. — Although  the  cell  spaces  in  the  middle  and  inner  coats  may  be 
regarded  as  the  commencement  of  lymphatics,  definite  lymphatic  vessels  are  limited 
to  the  outer  coat. 

Nerves. — Arteries  and  veins  are  well  supplied  with  both  meduUated  and  non- 
mednllated  nerve-fibres.  The  fibres  form  dense  plexuses  on  the  outer  surfaces  of 
the  vessels,  from  which  filaments  pass  to  the  middle  coat  to  be  distributed  almost 
entirely  to  its  muscular  fibres. 

Divisions  of  the  Blood- Vascular  System. — Blood-vessels  convey  blood  to  or 
from  the  tissues  of  the  body  generally,  or  to  and  from  the  lungs.  The  former 
constitute  the  systemic  vessels  or  general  system ;  the  latter  form  the  pulmonary 
system.     These  two  systems  are  connected  together  by  the  heart. 

The  venous  trunks  passing  to  the  liver  form  a  subsidiary  p«urt  of  the  general 
vsystemic  group  of  vessels,  which  is  known  as  the  portal  system. 

THE  HEART. 

The  heart  (cor)  is  a  hollow  muscular  organ,  and  is  enclosed  in  a  fibro-serous 
sac  known  as  the  pericardium.  It  receives  blood  from  the  veins,  and  propels  it 
into  and  along  the  arteries.  The  cavity  of  the  fully  developed  heart  is  completely 
separated  into  right  and  left  halves  by  an  obliquely  placed  longitudinal  septum, 
and  each  half  is  divided  into  an  upper  receiving  chamber,  the  auricle,  and  a  lower 
ejecting  chamber,  the  ventricle.  The  separation  of  the  auricle  from  the  ventricle, 
however,  is  not  complete.  Externally  a  comparatively  shallow  constriction, 
running  transversely  to  the  long  axis  of  the  organ,  indicates  the  distinction 
between  the  auricles  and  ventricles ;  internally  a  wide  aperture  is  left  between 
the  auricle  and  ventricle  of  each  side.  Each  auriculo-ventriciilar  aperture  is 
provided  with  a  valve  which  allows  the  free  passage  of  blood  from  the  auricle  to  the 
ventricle,  but  effectually  prevents  its  return. 

It  has  abeady  been  pointed  out  that  the  delicate  walls  of  the  blood  capillaries  allow  of  the 
free  passage  outwards  of  nutritive  plasma  from  the  blood.  It  passes  into  spacer,  or  intercellular 
channels,  in  which  the  tissue  elements  lie  ;  thus  the  latter  are  directly  bathed  in  blood  plasma. 
The  intercellular  spaces  form  the  commencement  of  the  lymph -vascular  system.  They  communi- 
cate together,  and  open  into  lyraph-vessels  which  carry  the  used  plasma  back  to  the  blood -vascular 
sjrstem,  but  in  addition  they  also  convey  new  nutritive  material,  the  product  of  digestive 
processes,  from  the  alimentary  canal. 

Lymph -vessels,  in  other  words,  convey  material  from  the  tissues.  Blood-vessels  convey 
matc^rial  both  to  and  from  the  tissues. 

The  removal  of  waste  products  from  the  blood  is  provided  for  by  special  organs,  some  of  which 
are  simply  interposed  in  the  course  of  the  general  circulation— c.,<jr.  the  hver,  the  kidneys,  and  the 
skin.  The  lungs,  however,  where  the  impure  or  venous  blood  receives  its  main  supply  of  oxygen 
and  gives  up  most  of  its  carbonic  oxide,  etc.,  do  not  lie  in  the  course  of  the  general  or  systemic 
circulation ;  from  them  a  secondary  or  pulmonary  circulation  is  established,  by  which  venous 
blood  is  wnveyed  from  the  heart  to  the  lungs  by  the  pulmonary  artery  and  its  branches,  and,  after 
passing  through  the  pulmonary  capillaries,  is  returned  again  to  the  heart  as  pure  arterial  blood 
by  the  pulmonary  veins. 

The  heart,  anatomically  a  single  organ,  is  correspondingly  modified,  and,  as  described  above, 
it  is  divided  by  a  septum  into  a  right  and  a  left  part  The  right  side  receives  the  blood  from 
the  systemic  veins,  and  ejects  it  into  the  puhnonary  artery ;  whilst  the  left  side  receives  blood 
from  the  pulmonary  veins,  and  ejects  it  into  the  main  systemic  artery — the  aorta. 

The  shape  of  the  heart  is  that  of  an  irregular  and  somewhat  flattened  cone ;  and 
a  base,  an  apex,  two  surfetces  (inferior  and  antero-superior),  and  two  borders  (right 
and  left)  are  distinguishable. 

An  oblique  groove — the  auriculo- ventricular  groove  (sulcus  coronarius) — runs 
transversely  to  the  long  axis  of  the  organ,  and  separates  the  upper  auricular 
y^ortion  from  the  lower  ventricular  part.  The  separation  of  the  auricular  portion 
into  right  and  left  chambers  is  only  marked  externally  at  the  base  of  the  heart, 
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where  an  indlBtiDOt  interauricular  groove  exiets.  The  divieioD  of  the  lower  part 
into  right  and  left  ventricles  is  more  definitely  marked  on  the  surface  bj  unterior 
and  inferior  interventricular  auloi  (sulci  longitudiuales). 

The  heart  lies  in  the  middle  mediastinum.  It  is  enclosed  in  the  ^lericardium, 
and  this  latter  accordingly  intervenes  between  it  and  the  neighbouring  structures. 
It  rests  below  on  the  diaphragm.  Its  long  axis,  from  base  to  apex,  runs  obliquely 
from  behind  forwards,  downwards,  and  to  the  left. 

The  base  (basis  cordis),  formed  entirely  by  the  auricles,  and  almost  entirely  by 
the  left  auricle,  is  directed  upwards,  backwards,  and  to  the  right.  It  hea  in  front 
of  the  descending  thoracic  aorta,  the  cesophagus,  and  the  lower  right  puluionarf 
vein,  which  separate  it  from  the  bodies  of  the  sixth,  seventh,  and  eighth  dorsal 
vertebrae. 

On  the  whole  the  base  is  somewhat  flattened,  and  is  irregularly  quadrilateml 


Coronsry  ilnns 
I''I0.  013.  —TBI  Babe  and  Ihfibior  Surfack  ur  the  Heart.  thoKiDg  (be  openiiig*  of  iht  gnat  vcMtU 
Bud  the  line  of  rejection  of  the  seroufl  pericaniiam. 

in  form.  It  presents  the  orifices  of  the  superior  and  inferior  vente  cavje  and  the  four 
pulmonary  veins.  The  opening  of  the  superior  vena  cava  is  situated  at  the  upper 
right  angle,  that  of  the  inferior  cava  occupies  the  lower  angle  on  the  right  side  ; 
between  and  a  little  to  the  left  of  these  openings  are  the  orifices  of  the  two  right 
pulmonary  veins,  and  immediately  to  the  right  of  the  latter  is  the  indistinct 
posterior  interauricular  sulcus,  which  descends  to  the  left  of  the  orifice  of  the 
inferior  vena  cava.  The  openings  of  the  two  left  pulmonary  veins  are  situated 
near  the  left  border  of  the  base;  and  the  portion  of  the  surface  which  lies  between 
the  right  and  left  pulmonar}'  veins  forms  the  anterior  boundary  of  the  great 
oblique  sinus  of  the  pericardium. 

The  base  is  limited  below  by  the  lower  part  of  the  auriculo-ventricular  groovf. 
in  which  the  coronary  sinus  lies ;  its  upper  border  is  in  relation  with  the  bifur- 
cation of  the  pulmonary  artery.  A  fold  of  pericardium,  the  vestigial  fold  of 
Marshall  (ligamentum  v.  cavse  sinistrEe)  descends,  near  the  left  border  of  the  base. 
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from  the  left  branch  of  the  pulmonary  artery  above  to  the  left  superior  pulmonary 
vein  below;  and  from  the  lower  end  of  this  fold,  creasing  obliquely  below  the  left 
pulmonary  vein  to  reach  the  coronary  sinuB,  la  the  small  oblique  vein  of  Marshall 
(v.  obliqua  atrii  siniatri  [Marshalli]).  Further,  it  is  from  the  base  that  the 
visceral  layer  of  the  pericardium,  which  elsewhere  completely  invests  the  heart, 
IB  reflected,  the  lines  of  reflection  corresponding  with  the  oriflces  of  the  great 


The  apec  (apex  cordis),  bluntly  rounded,  is  formed  entirely  by  the  left  ventricle. 
It  is  directed  downwards,  forwards,  and  to  the  left,  and  is  situated,  under  cover 
of  the  anterior  border  of  the  left  lung  and  pleura,  behind  the  fifth  left  intercostal 
space,  three  and  a  quarter  inches  from  the  anterior  mesial  line. 

The  inferior  surface  (faciea  diaphragmatica)  is  formed  by  the  ventricular  part 


of  the  heart.  It  rests  upon  the  diaphragm,  chiefly  on  the  central  tendon,  but  upon 
the  left  side,  on  a  small  portion  of  the  muscular  substance  also,  and  it  is  divided 
into  two  areas — a  smaller  to  the  right  side  and  a  larger  to  the  left  side — by  an 
oblique  aotero-posterior  groove,  the  inferior  interventricular  sulcus.  It  is  separated 
from  the  base  by  the  posterior  or  inferior  portion  of  the  auriculo- ventricular  sulcus. 
The  antero -superior  surface  (faciea  sterno-coetalis)  is  directed  upwards,  for- 
wards, and  to  the  left.  It  Ues  behind  the  body  of  the  sternum  and  the  inner 
extremities  of  the  cartilages  of  the  third,  fourth,  fifth,  and  sixth  ribs  on  the  right 
side,  and  a  greater  extent  of  the  corresponding  cartilages  on  the  left  side. 
This  surface  is  separated  into  upper  and  lower  sections  by  the  anterior  portion 
of  the  auriculo  -  ventricular  groove,  which  runs  obliquely  from  alwve  down- 
wards, and  from  left  to  right,  from  the  level  of  the  third  left  to  that  of  the  sixth 
right  coetal  cartilage.     The  upper  section  of  the  surface,  which  is  concave,  ia  formed 

'  Id  the  fixtiu  and  young  child  the  auricular  portion  or  the  heirt  forms  not  only  the  base,  but  also  the 
posMrior  p»rt  of  the  iufarior  or  diaphragmatic  aurfaoe. 
54 
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by  the  auriclee ;  it  ia  separated  from  the  sternum  by  the  roots  of  the  aorta  and  the 
pulmonary  artery,  and  is  continuous  laterally  with  the  auricular  appendices  which, 
projecting  forwards,  embrace  the  great  vesaela  The  lower  section  of  the  anter<i- 
superior  surface  ia  convex ;  it  is  formed  by  the  ventricular  part  of  the  heart,  and  is 
divided  by  an  anterior  interventricular  sulcus  into  a  smaller  left  and  a  larger  right 
part.  At  the  junction  of  the  auricular  and  ventricular  parts  of  this  surface  are 
the  orifices  of  the  pulmonary  artery  and  the  aorta,  the  former  lying  in  front  of 
the  latter. 

The  right  marr/in  of  the  heart  consists  of  an  upper  auricular  part  and 
a  lower  ventricular  part.  The  former  is  almost  vertical ;  it  lies  behind 
the  cartilages  of  the  third,  fourth,  fifth,  and  sixth  ribs  on  the  right  side 
about  half  an  inch  from  the  margin 
of  the  sternum ;  it  is  in  relation  with 
the  right  pleura  and  lung,  the  phrenic 
nerve  with  its  accompanying  vessels 
intervening,  and  it  is  marked  by  a 
shallow  groove — the  sulcus  terminalis 
— which  passes  from  the  front  of  the 
superior  vena  cava  to  the  front  of  tlie 
inferior  vena  cava.  The  lower  part 
of  the  right  margin  (margo  acutus)  is 
sharp,  thin,  and  usually  concave,  corre- 
sponding "ftith  the  curvature  of  the 
anterior  part  of  the  diaphragm ;  it  ia 
formed  by  the  right  ventricle,  and  ic 
lies  almost  horizontally  in  the  angle 
between  the  diaphragm  and  the  an- 
terior wall  of  the  thomx,  passing  from 
the  sixjrh  right  costal  cartilage  behind 
the  lower  part  of  the  body  of  the 
sternum,  or  the  enaiform  cartilage,  and 

"  ..     o,t    ...     ^  ..  behind  the  cartilages  of  the  sixth  anil 

FiQ.  6)5.— The  Relation  ok  thk  Hraht  to  tub  .,      .,  ,,   '',   r.    -j    ^     .i 

Antihiiir  Wall  oc  the  Thora:<.  Seventh  ribs  on  the  left  side  to  the  apex 

I.  n,  III,  IV,  V.  vr.  the  uppsr  sii  C0.WI  cuiii,««.         "f  "^he  heart. 

The  lefl  margin  (mai^  obtusus)  is 
formed  mainly  by  the  left  ventricle,  and  only  to  a  smaU  extent  by  the  left 
auricle.  It  is  thick  and  rounded.  It  lies  in  relation  with  the  left  pleura  and 
lung,  the  phrenic  nerve  and  ita  accompanying  vessels  intervening,  and  it  passes 
from  just  above  the  thirtl  loft  costal  cartilage,  about  an  inch  from  the  sternum,  to 
the  apex  of  the  heart,  descending  obliquely  and  with  a  convexity  to  the  left. 

THE  CHAMBERS  OF  THE  HEART. 

Auricles  (auricula  cordis). — The  auricular  or  basal  portion  of  the  heart  is 
cuboidal  in  form.  Its  long  axis,  which  lies  transversely,  is  curved,  with  the  con- 
cavity of  the  curve  forwards.  It  is  divided  into  two  chambers — the  right  and 
left  auricles  -by  a  septum  which  runs  from  the  front  backwards  and  to  the  righl. 
60  obliquely  that  the  right  auricle  lies  in  front  and  to  the  right,  and  the  left  auricle 
behind  and  to  the  left. 

Each  auricle  is  also  somewhat  cuboidal  in  form,  the  long  axes  of  Ifoth  lielng 
vertical,  and  each  chamber  possesses  a  well-marked  ear-shaped,  forward  i>rolongatiuu, 
which  projects  from  the  anterior  and  upper  angle,  and  is  known  as  the  anriciilir 
appendix. 

Tlie  right  auriole  (atrium  dextrum)  receives,  posteriorly,  the  superior  vena  cava 
above  and  the  inferior  vena  cava  below.  Between  these,  and  a  little  alwve  its 
middle,  it  is  crossed  poat^-riorly  by  the  lower  right  pulmonary  vein.  It  is  continuous 
below  and  in  front  with  the  right  ventricle  at  the  auriculo- ventricular  aperture. 
Above  and  in  front  it  is  in  relation  with  the  ascending  aorta,  and  from  the  jiini'- 
tion  of  thi»  &a\ieel  with  the  right  lateral  boundary  the  right  auricular  appendix 
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is  proIoDged  fornarda.  On  the  right  side  it  forms  the  upper  portion  of  the  right 
margio  ot  the  heart,  and  is  in  relation  with  the  right  phrenic  nerve  and  its  accom- 
panying vesBels,  and  with  the  right  pleura  and  lung,  the  pericardium  intervening. 
Ou  the  left  the  auricle  is  limited  by  the  oblique  septum  which  separatea  it  from 
the  left  auricle.  The  aniens  tenninalis  is  a  shallow  groove  on  the  surface  of  the 
right  auricle,  which  passes  from  the  front  of  the  superior  vena  cava  to  the  front  of 
the  inferior  vena  cava,  and  indicates  the  junction  of  the  primitive  sinus  venosus 
with  the  auricle  proper. 

The  interior  of  the  auricle  is  lined  with  a  glistening  membrane,  the  endo- 
cardinm;  its  walls  are  Bmooth,  except  anteriorly  and  in  the  auricular  appendix 
where  muscular  bundles,  the  miucnli  pectinati,  form  a  series  of  small  vertical 
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columns.     These  terminate  above  in  a  crest,  the  crista  tenninalis,  which  corresponds 
in  position  with  the  sulcus  terniinaliB  externally. 

At  the  upper  and  back  part  of  the  cavity  is  the  opening  of  the  superior  vena 
cava,  devoid  of  a  valve.  At  the  lower  and  back  part  is  the  orifice  of  the  inferior 
vena  cava,  bounded  in  front  by  the  rudimentary  Kustachian  valve;  and  immedi- 
ately in  front  and  to  the  left  of  the  EuBtachiaa  valve,  between  it  and  the  auriculo- 
ventricular  orifice,  is  the  opening  of  the  coronary  sinus,  guarded  by  the  Thebesian 
valve.  The  auriculo-ventricular  aperture,  guarded  by  a  tricuspid  \'alve,  is  known 
aa  the  tricuspid  oiiflce.  It  is  situated  in  the  inferior  part  of  the  anterior  boundary, 
and  admits  three  fingers.  A  number  of  small  fosses,  foramina  Thebesii  (foramina 
venarum  ininimanim),  are  scattered  over  the  walls,  and  into  some  of  these  the 
vena  mmimi  cordis  open.  In  the  septal  wall  is  an  oval  depression,  the  fossa  oralis, 
bounded  above  and  in  front  by  a  raised  margin,  the  aminlns  ovalis  (limbus  fossae 
ovalis),  which  is  continuous  inferiorly  with  the  Eustachian  valve;  this  fossa  is 
the  remains  of  an  aperture,  the  foramen  ovale,  t))rougb  which  the  two  auricles 
communicated  with  each  other  liefore  birth,  and  even  in  the  adult  a  portion  of  the 
aperture  persists  at  the  upper  jart  of  the  fossa  in  about  one  in  five  casea  Between 
the  apertures  of  the  superior  and  inferior  veme  cavee,  and  behind  the  upper  part 
54  a 
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of  the  foBBa  ovalia,  a  small  eminence  may  be  distinguished,  which  is  called  the 
tubercle  of  Lower  (tuberculum  intervenosum) ;  in  the  fetus  it  probably  directs  the 
blood  from  the  superior  vena  cava  to  the  tricuspid  orifice. 

The  Enatachian  vaJve  (valvula  venEe  cavte  inferioriB)  ia  a  thin  and  sometimes 
fenestrated  fold  of  endocardium  and  sub-endocardiol  tissue,  which  extends  from 
the  anterior  and  lower  margin  of  the  orifice  of  the  inferior  vena  cava  to  the 
anterior  part  of  the  annulus  ovalis.  Varying  very  much  in  size,  it  is  usually  of 
falciform  shape,  its  apex  being  attached  to  the  annulus  and  its  base  to  the  margin 
of  the  inferior  caval  orifice.  It  is  an  important  structure  in  the  foetus,  directing 
the  blood  from  the  inferior  vena  cava  through  the  foramen  ovale  into  the  left 
auricle. 

The  Thebesian  valve  (valvula  sinus  coronarii)  is  usually  a  single  fold  of  endo- 
cardium which  is  placed  at  the  orifice  of  the  coronary  sinus ;  occasionally  it  consists 
of  two  cusps.     It  is  almost  invariably  incompetent. 

The  left  auriol©  (atrium  sinistrum)  is  in  relation  behind  with  the  descending 
thoracic  aorta  and  the  oesophagus.  Below  and  in  front  it  is  continuous  with  the 
left  ventricle.  Its  antero-supeiior  surface  is  concave,  and  lies  in  close  relation  to 
the  roots  of  the  ascending  aorta,  the  pulmonary  artery,  and  the  left  coronary 
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artery.  Its  right  side,  formed  by  the  interauricular  septum,  is  directed  forwards 
and  to  the  right.  Its  left  side  forms  a  very  small  portion  of  the  left  margin  of 
the  heart,  and  from  its  junction  with  the  aatero -superior  surface  the  long  and 
narrow  auricular  appendix  is  prolonged  forwards  round  the  left  side  of  the 
ascending  portion  of  the  aorta  and  the  trunk  of  the  pulmonary  artery. 

The  four  pulmonary  veins  enter  the  upper  part  of  the  posterior  surface,  two  on 
each  side. 

The  interior  of  the  left  auricle  is  lined  with  endocardium,  and  its  walls  are 
smooth,  except  in  the  auricular  appendix  where  musculi  pectinati  are  present,  and 
on  the  septum,  in  a  position  corresponding  with  the  upper  part  of  the  fossa  ovalis 
on  the  right  side,  where  there  are  sevena  musculo-fibrous  bundles  radiating  for- 
wards and  upwards.  These  septal  bundles  are  separated  at  their  bases  by  small 
semilunar  depressions,  in  the  largest  of  which  remains  of  the  foramen  ovale  may 
be  found.  Foramina  Thebesii,  and  the  apertures  of  venss  minimi  cordis,  are 
scattered  irregularly  over  the  inner  aspect,  whilst  in  the  inferior  part  of  tlie 
anterior  boundary  is  the  auriculo-ventricular  aperture.  The  latter  is  oval  in 
form ;  its  long  axis  is  placed  obliquely  from  before  backwards,  and  from  left  lo 
right,  and  is  capable  of  admitting  two  fingers.  It  is  guarded  by  a  valve  formed  of 
two  lai^  cusps,  and  is  known  as  the  mitral  orifice. 

Ventricles. — The  ventricular  portion  of  the  heart  is  conical  aud  somewlut 
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flattened  The  base,  directed  upwards  and  backwards,  is  partly  continuous  with 
the  auricular  portion  and  partly  free.  It  is  perforated  by  four  orifices,  the  two 
auriculo- ventricular,  the  aortic,  and  the  pulmonary.  The  auriculo- ventricular 
orifices  are  placed  one  on  each  side  below  and  behind;  in  front  and  between 
them  is  the  aortic  orifice,  whilst  the  orifice  of  the  pulmonary  artery  iB  still  &rther 
forward,  and  slightly  to  the  left  of  the  aortic 

la  the  triangle  (trigona  fibrosa)  between  the  auriculo-ventricular  and  the  aortic 
orifices  is  embedded  the  central  fibro-cartilage,  a  mass  of  fibro-cartilaginous  tissue 
which  is  the  representative  of  the  oe  cordis  of  the  ox.  It  is  continuous  with  the 
upper  part  of  the  interventricular  eeptum,  and  witli  fibrous  rings  which  surround 
the  apertures  at  the  bases  of  the  ventricles. 

The  inferior  surfaces  and  the  antero-superior  surfaces  of  the  ventricles  constitute 
reapectiveiy  the  greater  portions  of  the  corresponding  surfaces  of  the  heart ;  the 
former  rest  upon  the  diaphragm,  whilst  the  latter  are  directed  upwards  and 
forwards  towanis  the  sternum  and  the  costal  cartilages  of  the  left  side.  The  apex 
of  the  left  ventricle  forms  the  apex  of  the  heart. 

The  right  margin,  which  is  thin,  forms  the  horizontal  portion  of  the  right 
margin  of  the  heart ;  and  the  left  margin,  which  is  thick  and  rounded,  forms 
almost  the  whole  of  the  left  margin  of  the  heart. 

The  ventricular  portion  of  the  heart  is  divided  into  right  and  left  chambers. 
The  interventricuUT  saptum  (septum  ventriculorum)  is  placed  obliquely,  with  one 
surface  directed  forwaids  and  to  the  right,  and  the  other  backwu^  and  to  the 
left ;  it  bulges  into  the  right  ventricle,  and  its  lower  margin  hes  to  the  right  of 
the  apex  of  the  heart,  which  is,  there- 
fore, formed  entirely  by  the  left  ven- 
tricle.   The  mai^s  of  the  septum  are 
indicated  on  the  surfaces  by  anterior 
and  inferior  interventricular  sulci 

The  right  ventricle  (ventriculus 
dexter)  is  triangular  in  form.  Its 
base  is  directed  upwards  and  to  the 
right,  and  in  the  greater  part  of  its 
extent  it  is  continuous  with  the  right 
auricle,  with  which  it  communicates 
by  the  auriculo  -  ventricular  orifice ; 
but  its  left  and  anterior  angle  projects 
in  front  of  the  auricle,  and  gives  origin 
to  the  pulmonary  artery.  Its  inferior 
wall  rests  upon  the  diaphragm.  The 
antero-superior  wall  lies  behind  the 
lower  part  of  the  left  half  of  the 
sternum  and  the  cartilages  of  the 
fourth,  fifth,  and  sixth  ribs  of  the  left 
side.  The  left  or  septal  wall,  which  is 
directed  backwards  and  to  the  left, 
bulges  into  its  interior,  and  on  this 
account  the  transverse  section  of  the 

cavity  has  a  semilunar  outline.     The  pio.  618.— Thk  Bblatii>ns  of  thb  Heart  ano  the 
cavity  itself  is  a  bent  tube  consisting         aumcdmi-Venthiculaii,  aobtic.  and  fulmonart 
of  an  inferior  portion  or  body  into         "*■"""'  ™  ^^  *«"»««»  Tboback  Wall. 
which  the  auriculo-ventricular  orifice     i^Aom«^?ie'"""^       ?;^tao->-^'"cSflce. 
opens,  and  of  an  antero-superior  part,     ^%^^  Rv'mfhtv'^riSe 

the  inftmdibnlain  or  conns  arteriostia,     la,  ur  tliricie.  evc,Bai»riaiTaDi  ws, 

which  terminates  in    the  pulmonary     i-v,  wt  ™tr.oi..  x.  i>ica.pid  ona«.. 

artery.     The  angle  between  the  two  limbs  is  formed  by  a  thick  ledge  of  muscle. 

The  right  auriculo -ventricular  orifice  is  guarded  by  a  tricuspid  valve  (valvula 
tricuspidalis).  The  three  cusps  of  this  valve  are  a  right  or  marginal  {cuspis 
medialis),  a  left  or  infundibular  (cuspis  anterior),  which  intervenes  between  the 
auriculo-ventricular  orifice  and  the  infundibulum,  and  a  posterior  or  septal  (cuspis 


790  THE  VASCULAE  SYSTEM. 

posterior).  Each  cusp  consists  of  a  fold  of  endocardium,  strengthened  by  a  little 
intermediate  fibrous  tissue,  and  the  bases  of  the  cusps  are  generally  continuous 
with  each  other  at  the  auriculo- ventricular  orifice,  where  they  are  attached  to  a 
fibrous  ring,  but  they  may  be  separated  by  small  intermediate  cusps  which  fill  the 
angles  between  the  main  segments.  The  apices  of  the  cusps  hang  down  into  the 
ventricle.  The  margins,  which  are  thinner  than  the  central  portions,  are  notched 
and  irregular.  The  auricular  surfaces  are  smooth.  The  ventricular  surfaces  are 
roughen^,  and,  like  the  margins  and  apices,  they  give  attachment  to  fine  tendinous 
cords,  the  chordsB  tendinese,  the  opposite  extremities  of  which  are  attached  to 
muscular  bundles,  the  musculi  papiUares,  which  project  from  the  wall  into  the 
cavity  of  the  ventricle. 

The  pulmonary  orifice,  which  lies  in  front  and  to  the  left  of  the  tricuspid  orifice, 
is  guarded  by  a  pulmonary  valve  composed  of  three  semilunar  segments  (valvule 
semilunares  a.  pulmonalis),  two  of  which  are  placed  anteriorly  and  one  posteriorly. 
The  convexity  or  outer  border  of  each  semilunar  segment  is  attached  to  the  wall  of 
the  pulmonary  artery.  The  inner  border  is  free,  and  it  presents  at  its  centre  a  small 
nodule,  the  corpus  Araatii  (nodulus  valvule  semilunaris),  and  on  each  side  of 
this  body  a  small,  thin  marginal  segment  of  semilunar  form,  the  lunula  (lunula 
valvulse  semilunaris).  Each  segment  of  the  valve  is  formed  by  a  layer  of  endo- 
cardium on  its  ventricular  surface,  an  endothelial  layer  of  the  inner  coat  of  the 
artery  on  its  arterial  surface,  and  an  intermediate  stratum  of  fibrous  tissue.  Both 
the  attached  and  the  free  margins  of  the  cusps  are  strengthened  by  tendinous 
bands,  and  strands  of  condensed  fibrous  tissue  radiate  from  the  outer  borders  to 
the  corpora  Arantii,  but  they  do  not  enter  the  lunulse.  When  the  valve  closes  the 
corpora  Arantii  are  closely  apposed,  the  lunulas  of  the  adjacent  segments  of  the 
valve  are  pressed  together,  and  they  project  vertically  upwards  into  the  interior  of 
the  artery. 

The  cavity  of  the  right  ventricle  is  lined  by  endocardium;  the  walls  are 
smooth  in  the  conus  arteriosus,  but  are  rendered  rugose  and  sponge-like  in  the 
body  by  the  inward  projection  of  numerous  muscular  bundles,  the  colnmns 
camesB  (trabeculae  carnese).  These  bundles  are  of  three  kinds;  the  simplest  are 
merely  columns  raised  in  relief  on  the  wall  of  the  ventricle ;  those  of  the  second 
class  are  rounded  bundles,  free  in  the  middle,  but  attached  at  each  end  to  the  wall 
of  the  ventricle.  One  special  bundle  of  this  group,  called  the  moderator  band,  is 
attached  by  one  extremity  to  the  septum,  and  by  the  other  to  the  antero-superior 
wall,  at  the  base  of  the  anterior  papillary  muscle ;  it  tends  to  prevent  over-distension 
of  the  cavity.  The  third  group  of  columnse  carnese  are  the  musculi  papiUares, 
conical  bundles  continuous  at  their  bases  with  the  muscular  wall  of  the  ventricle, 
and  terminating  at  their  apices  in  numerous  chordsB  tendineae  which  are  attached  to 
the  apices,  the  borders,  and  ventricular  surfaces  of  the  cusps  of  the  tricuspid  valve. 

The  musculi  papiUares  of  the  right  ventricle  are — (1)  a  large  anterior  muscle, 
from  which  the  chordae  pass  to  the  infundibular  and  marginal  segments  of  the 
valve ;  (2)  a  smaller  and  more  irregular  posterior  muscle,  sometimes  represented  by 
two  or  more  segments,  from  which  chordae  pass  to  the  marginal  and  septal  cusps ; 
and  (3)  a  group  of  muscular  bundles,  varying  in  size  and  number,  which  spring 
from  the  septum  and  are  united  by  chordae  to  the  infundibular  and  septal  cusps. 

The  walls  of  the  right  ventricle,  the  septal  excepted,  are  much  thinner  than 
those  of  the  left,  but  the  columnae  carnese  of  the  first  and  second  classes  are  coarser 
and  less  numerous  in  the  right  than  in  the  left  ventricle. 

The  left  ventricle  (ventriculus  sinister)  is  a  conical  chamber,  and  its  cavity  is 
oval  in  transverse  section.  The  base  is  directed  upwards  and  backwards,  and  in  the 
greater  part  of  its  extent  it  is  continuous  with  the  corresponding  auricle  with 
which  it  communicates  through  the  mitral  orifice,  but  in  front  and  to  the  right  of 
its  communication  with  the  auricle  it  is  continued  into  the  ascending  aorta. 

The  mitral  orifice  is  oval ;  its  long  axis  runs  obliquely  from  above  and  to  the 
left  downwards  and  to  the  right,  and  it  is  guarded  by  a  valve  consisting  of 
two  cusps,  which  is  known  as  the  mitral  valve  (valvula  bicuspidalis).  The  two 
cusps  of  the  valve  are  triangular  and  of  unequal  size.  The  smaller  of  the  two, 
nlaced  to  the  left  and  behind,  is  named  the  marginal,  and  the  larger,  placed  to  the 
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right  and  in  front,  between  the  mitral  and  aortic  orifices,  is  known  as  the  aortic 
cusp.  The  bases  of  the  cusps  are  either  continuous  with  each  other  at  their 
attachments  to  the  fibrous  ring  round  the  mitral  orifice,  or  ttey  are  separated  by 
small  intermediate  cusps  of  irregular  form  and  size.  The  apices  of  the  cusps  hang 
down  into  the  cavity  of  the  ventricle.  The  auricular  surfaces  are  smooth ;  the 
ventricular  surfaces  are  roughened  by  the  attachments  of  the  chordse  tendineae, 
which  are  also  connected  with  the  irregular  and  notched  margins  and  with  the 
apice&  The  structure  is  the  same  as  that  of  the  cusps  of  the  tricuspid  valve, 
but  the  ventricular  surface  of  the  anterior  (or  aortic)  cusp  is  relatively  smooth ; 
therefore  the  blood  flow  into  the  aorta  is  facilitated. 

The  aortic  orifice  is  circular ;  it  lies  immediately  in  front  and  to  the  right  of 
the  mitral  orifice,  from  which  it  is  separated  by  the  anterior  cusp  of  the  mitral 
valve,  and  it  is  guarded  by  the  aortic  valve,  formed  of  three  semilunar  segments 
(valvulae  semilunares  aortse),  one  of  which  is  placed  anteriorly  and  the  other  two 
posteriorly.  The  structure  of  these  cusps  and  their  attachments  are  similar  to 
those  of  the  cusps  of  the  pulmonary  valve. 

The  cavity  of  the  left  ventricle  is  separable,  like  that  of  the  right,  into  two 
portions,  the  body  and  the  aortic  vestibule;  the  latter  is  a  small  section  placed 
immediately  below  the  aortic  orifice,  and  its  walls  are  non-contractile,  consisting  of 
fibrous  and  fibro-cartilaginous  tissue.  The  cavity  is  lined  by  endocardium.  The 
inferior  wall  and  the  apex  are  rendered  sponge-like  by  numerous  fine  columnse 
carnese  of  the  first  and  second  classes,  whilst  the  upper  part  of  the  antero-superior 
wall  and  the  septum  are  relatively  smooth. 

There  are  two  papillary  muscles  of  much  larger  size  than  those  met  with  in  the 
right  ventricle — an  anterior  and  a  posterior ;  each  is  connected  by  chordae  tendineae 
with  both  cusps  of  the  mitral  valve. 

The  walls  of  the  left  ventricle,  with  the  exception  of  the  septum,  are  three 
times  as  thick  as  those  of  the  right  ventricle,  and  they  are  thickest  in  the  region  of 
the  widest  portion  of  the  cavity,  which  is  situated  about  a  fourth  of  its  length  from 
the  base.  The  muscular  portion  of  the  wall  attains  its  minimum  thickness  at  the 
apex,  but  the  thinnest  portion  of  the  boundary  is  at  the  upper  part  of  the  septum, 
which  consists  entirely  of  fibrous  tissue ;  here  it  is  occasionally  deficient,  and  an 
aperture  is  left  through  which  the  cavities  of  the  two  ventricles  communicate. 

The  interventricular  septum  (septum  ventripulorum)  is  a  musculo-membranous 
partition.  It  is  placed  obUquely,  one  surface  looking  forwards  and  to  the  right, 
and  bulging  into  the  right  ventricle,  and  the  other  backwards  and  to  the  left 
towards  the  left  ventricle.  Its  antero-superior  and  inferior  margins  correspond 
respectively  with  the  anterior  and  inferior  portions  of  the  interventricular  sulcus, 
and  it  extends  from  the  right  of  the  apex  to  the  interval  between  the  pulmonary 
and  aortic  orifices.  In  the  main  part  of  its  extent  it  is  muscular  (septum  musculare 
ventriculorum),  and  this  portion  is  developed  from  the  wall  of  the  ventricular  part 
of  the  heart ;  but  its  upper  and  posterior  portion,  the  pars  membranacea  (septum 
membranaceum  ventriculorum),  which  is  developed  from  the  septum  of  the  aortic 
bulb,  is  entirely  fibrous,  and  constitutes  the  thinnest  portion  of  the  ventricular 
walls.  The  pars  membranacea  lies  between  the  aortic  vestibule  on  the  left  and 
the  upper  part  of  the  right  ventricle,  as  well  as  the  lower  and  left  part  of  the  right 
auricle,  on  the  right. 

Structure  of  the  Heart. 

The  walls  of  the  heart  consist  mainly  of  peculiar  striped  muscle,  the  myocarditun,  which  is 
endoeed  between  the  visceral  layer  of  the  pericardium,  or  epicarditun,  externally,  and  the 
endocardioxn  internally.  The  muscular  fibres  differ  from  those  of  ordinary  voluntary  striped 
muscle  in  several  ways :  they  are  shorter,  many  of  them  being  oblong  cells  with  forked  ex- 
tremities which  are  closely  cemented  to  similar  processes  of  adjacent  cells ;  they  form  a  reticulum, 
and  the  nuclei  lie  in  the  centres  of  the  cells.  Moreover,  in  some  of  the  lower  mammals,  in  the 
young  child  up  to  the  end  of  the  first  year,  and  occasionally  in  the  human  adult  also,  still  more 
peculiar  fibres,  the  fibres  of  Purkinje,  are  found  immediately  beneath  the  sub-endocardial 
tissue.  These  are  large  cells  which  imite  with  each  other  at  their  extremities ;  their  central 
portions  consist  of  granular  protoplasm,  in  which  sometimes  one,  but  more  frequently  two  nuclei 
are  embedded,  and  the  peripteral  portion  of  each  cell  is  transversely  striated.  These  cells,  in  short, 
present  in  a  permanent  form  a  condition  which  is  transitory  in  aU  other  striped  muscle  cells. 
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The  reticulating  cardiac  muscle  cells  are  grouped  in  sheets  and  strands  which  have  a  more  or 
less  characteristic  and  definite  arrangement  in  different  parts  of  the  heart;  by  careful  dis- 
section, and  after  special  methods  of  preparation,  it  is  possible  to  recognise  many  layers  and 
bundles,  some  of  which  are,  however,  probably  artificially  produced. 

In  the  auricles  the  muscular  fasciculi  fall  naturally  into  two  groups,  those  special  to  each 
auricle,  and  those  common  to  both  auricles ;  the  former  are  situated  deeply  under  cover  of 
the  latter. 

The  deep  special  fibres  are — (a)  Looped  fibres  which  pass  over  the  auricles  from  before  back- 
wards or  from  side  to  side ;  their  extremities  are  attached  to  the  fibrous  rings  which  surround 
the  auriculo-ventricular  orificea  (6)  Annular  fibres  which  surround  (1)  the  extremities  of  the 
large  vessels  which  open  into  the  auricle,  (2)  the  auricular  appendices,  and  (3)  the  fossa  ovalisu 

The  superficial  fiores^  which  are  common  to  both  auricles,  for  the  most  part  run  transversely 
across  the  auricles,  but  a  few  of  them  turn  into  the  interauricular  septum.  They  are  most 
numerous  on  the  anterior  aspect. 

In  the  ventricles,  also,  two  main  groups  of  fasciculi,  a  superficial  and  a  deep,  have  been 
described,  but  it  is  in  this  region  especially  that  there  is  doubt  regarding  the  individuality  of 
many  of  the  muscular  bundles  which  have  been  noted,  for  it  appears  probable  that  many  of 
them  are  artificial  products  due  to  the  method  adopted  bv  the  dissector.  There  is  no  doubt  that 
in  the  middle  of  the  thickness  of  the  ventricular  walk  the  arrangement  of  the  fibres  is  mainly 
circular,  some  surrounding  one  and  some  both  ventricles.  Near  the  surfaces  the  fasciculi 
assume  an  oblique  direction,  and  it  is  not  improbable  that  many  of  the  bundles  are  arranged  in 
figure  of  8  loops,  whose  upper  extremities  are  attached  to  the  fibrous  rings  round  the  auriculo- 
ventricular  orifices. 

The  superficial  fibres  of  the  ventricles  are  attached  above  to  the  fibrous  rings  at  the  base,  and 
from  this  attachment  they  pass  obliquely  downwards  to  the  apex,  those  on  the  anterior  surface 
trending  towards  the  left,  and  those  on  the  inferior  surfiace  towanls  the  right  On  the  inferior 
surface  almost  all  the  fasciculi  appear  to  pass  across  the  septum,  but  on  the  anterior  surface  the 
middle  fasciculi  dip  into  it,  and  only  those  near  the  base  and  apex  cross  from  right  to  left  All 
the  superficial  fibres  which  reach  the  apex  are  coiled  there  into  a  whorl  or  vortex,  through  which 
they  pass  upwards  into  the  substance  of  the  left  ventricle,  those  descending  from  the  uont  and 
left  side  entering  the  base  of  the  posterior  papillary  muscle,  whilst  those  from  the  back  and  right 
side  terminate  in  the  anterior  papillary  muscle.  Tne  muscular  fasciculi  which  enter  the  papillary 
muscles  are  continued,  by  means  of  the  chordae  tendinese,  to  the  flaps  of  the  mitral  valve  and 
so  to  the  fibrous  ring  round  the  mitral  orifice;  obviously,  therefore,  many  of  the  superficial 
fasciculi  of  the  ventricles  form  simple  oblique  loops  which  commence  externally  at  the  fibrous 
rings  round  the  right  and  left  auriculo-ventricular  orifices,  and  terminate  internally  by  gaining 
attachment  to  the  ring  round  the  left  of  these  orifices  (mitral). 

The  deep  fasciculi  of  the  ventricles  may  be  subdivided  into  two  main  groups — (1)  Those 
common  to  both  ventricles,  and  (2)  those  special  to  each  ventricle. 

The  fasciculi  common  to  both  ventricles  include — (a)  Fibres  which  commence  above  from  the 
posterior  sections  of  the  fibi-ous  ring  at  the  base  of  the  right  ventricle ;  either  directly  or  bv 
means  of  the  chordae  tendineae  of  the  posterior  papillary  muscle  they  pass  obliquely  downwaitls 
to  the  septum,  traverse  it,  and  ascend  to  the  front  of  the  fibrous  ring  at  the  hose  of  the  left 
ventricle.  (6)  Fibres  from  the  anterior  portions  of  the  fibrous  ring  at  the  base  of  the  right 
ventricle,  which  pass  obliquely  downwards  and  assume  a  transverse  course  in  the  poeterior  wall 
of  the  left  ventricle,     (c)  Annular  fibres  which  encircle  both  ventricles. 

The  deep  special  fibres  of  the  left  ventricle  are  (a)  V-shaped  loops  which  commence  at  the 
fibrous  ring  at  the  base,  and  descend  to  the  apex,  where  they  turn  upwards  in  the  septum,  and 
terminate  by  joining  the  central  fibro-cartilage ;  (6)  fibres  which  descend  from  the  base,  enter 
the  lower  and  front  part  of  the  septum,  and,  passing  through  it,  assume  an  annular  course  in  the 
posterior  wall. 

The  deep  special  fibres  of  the  right  ventricle  are  (a)  looped  fibres  which  pass  downwards  in 
the  external  wcdl  from  the  fibrous  rings  to  the  apex,  where  tney  enter  the  septum  and  ascend  to 
the  central  fibro-cartilage ;  (6)  circular  fibres  round  the  pulmonary  orifice ;  and  (c)  radiatinj^  fasci- 
culi from  the  base  of  the  anterior  papillary  muscle  to  the  front  part  of  the  pulmonary  orinc& 

The  epicardium,  or  visceral  portion  of  the  pericardium,  consists  of  white  connective  and 
of  elastic  tissue,  the  latter  forming  a  distinct  reticulum  in  the  deeper  part  The  surface  which 
looks  towards  the  pericardial  cavity  is  covered  with  flat  polygonal  endothelial  plates,  which  are 
partially  separated  here  and  there  ty  stomata  through  which  the  pericardial  cavity  oonununicatt^ 
with  the  lymphatics  of  the  epicardium. 

The  endocaxdium  lines  tne  cardiac  cavities  and  is  continuous  with  the  inner  coats  of  the 
vessels  which  enter  and  leave  the  heart  It  consists,  like  the  epicardium,  of  white  connective 
tissue  and  elastic  fibres,  but  it  is  much  thinner  than  the  epicardium,  and  its  elastic  fibres  are  in 
some  places  blended  into  a  fenestrated  membrane.  Its  inner  surface  is  covered  with  endothelial 
cells,  and  it  rests  externally  upon  the  sub-endocardial  tissue,  in  which  there  are  blood-vessels  and 
nerves  ;  the  endocardium  itself  is  entirely  devoid  of  vessels. 

Size  of  the  Heaxt — The  heart  is  about  five  inches  (125  mm.)  long,  three  and  a  half  inches  (87 
mm.)  broad ;  its  greatest  depth  from  its  antero-superior  to  its  inferior  surface  is  two  and  a  half  inches 
(62  mm.),  and  it  is  roughly  estimated  as  being  about  the  same  size  as  the  closed  fist  The  sire, 
however,  is  variable,  the  volume  increasing  at  first  rapidly,  and  then  gradually,  with  increatiing 
age,  from  22  cc.  at  birth  to  156  cc.  at  tlie  fifteenth  year,  and  to  250  c^  by  the  twentieth  year. 
From  this  period  to  the  fiftieth  year,  when  the  maximum  volume  (280  cc)  is  attained,  the  in- 
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crease  is  much  more  gradual,  aud  after  Mty  a  slight  decrease  sets  in.     The  volume  is  the  same 
in  both  sexes  iip  to  the  period  of  puberty,  but  thereafter  it  prepondei-ates  in  the  male. 

Weight. — The  average  weight  of  the  heart  in  the  male  adult  is  11  oimces  (310  grms.),  and  in 
the  female  adult  9  ounces  (256  grms.) ;  but  the  weight  varies  ffreatly,  always,  however,  in  definite 
relation  to  the  weight  of  the  body,  the  relative  proportions  changing  at  different  periods  of  life. 
Thus  at  birth  the  heart  weighs  13^  drachms  (24  grms.),  and  its  relation  to  the  body  weight 
L9  as  1  to  130,  whilst  in  the  adult  the  relative  proportion  is  as  1  to  205.  The  heart  is  said  to 
increase  rapidly  in  weight  up  to  the  seventh  year,  then  more  slowlv  up  to  the  age  of  puberty, 
when  a  second  acceleration  sets  in ;  but  after  the  attainment  of  adult  life  the  increase,  which 
continues  till  the  seventieth  year,  is  very  gradual 

The  above  changes  afi'ect  the  whole  heart,  but  the  several  parts  also  varv  in  their  relation  to 
each  other  at  dififerent  periods  of  life.  During  fcBtal  life  the  right  auricle  is  heavier  than  the  left ; 
in  the  first  month  after  birth  the  two  become  equal,  and  at  the  second  year  the  right  again  begins 
to  preponderate,  and  it  is  heavier  than  the  left  during  the  remainder  of  life.  In  the  latter  part 
of  foetal  life  the  two  ventricles  are  equal ;  after  birth  the  left  grows  more  rapidly  than  the  ri^ht, 
until,  at  the  end  of  the  second  year,  a  position  of  stability  is  gained,  when  the  right  is  to  the  left 
as  1  to  2,  and  this  proportion  is  maintained  until  death. 

Capacity. — During  life  the  capacitv  of  the  ventricles  is  probably  the  same,  and  each  is  capable 
of  containing  about  four  ounces  of  blood,  whilst  the  auricles  are  a  little  less  capacious.  After 
death  the  cavity  of  the  rieht  ventricle  appears  larger  than  that  of  the  left. 

Vascular  Supply  of  the  Heart. — The  walls  of  the  heart  are  supplied  by  the  coronary  arteries 
(p.  800),  the  branches  of  which  pass  through  the  interstitial  tissue  to  all  parts  of  the  muscular 
substance  and  to  the  sub-endocamial  and  sub-epicardial  tissues ;  the  endocardium  and  the  valves 
are  devoid  of  vessels.  The  capillaries,  which  are  numerous,  form  a  close-meshed  network  aroimd 
the  muscular  fibres.  Sometimes  the  valves  contain  a  few  muscular  fibres,  and  in  these  cases  they 
also  receive  some  minute  vessels.  The  majority  of  the  veins  of  the  heart  end  in  the  coronary 
sinus,  which  opens  into  the  lower  part  of  the  right  auricle ;  some  few  very  small  veins,  how- 
ever, open  directly  into  the  right  auricle,  and  others  are  said  to  end  in  the  left  auricle,  and 
in  the  cavities  of  the  ventricles. 

Lymphatics  of  the  Heart. — Lymphatic  vessels  are  freely  distributed  throughout  the  whole 
substance  of  the  heart,  but  they  are  most  numerous  in  the  sub-endocardial  and  the  sub-pericardial 
tissues,  and  the  vessels  which  lie  in  the  latter  situation  communicate  through  stomata  with  the 
I>ericardial  cavity.  The  smaller  lymphatic  vessels  accompany  the  blood-vessels  ;  ultimately  they 
converge  to  two  main  trunks — an  anterior  and  an  inferior — which  lie  respectively,  at  their  com- 
mencements, in  the  anterior  and  the  inferior  auriculo- ventricular  sulci  Each  is  formed  by  one 
or  more  tributaries  which  collect  lymph  from  the  ventricles  and  aiu^icles.  The  inferior  trunk 
accompanies  the  right  and  the  anterior  trunk  the  left  coronary  artery.  At  the  upper  part  of  the 
heart  the  trunks  pass  backwards,  at  the  sides  of  the  pulmonary  artery,  piei-ce  the  pericardium,  and 
they  terminate  in  the  glands  which  lie  round  the  bifurcation  of  the  trachea. 

Nerves  of  the  Heart. — The  heart  receives  its  nerves  from  the  superficial  and  deep  cardiac 
plexuses  which  lie  beneath  the  arch  of  the  aorta,  and  through  them  it  is  connected  with  the 
vagus,  the  spinal  accessory  (through  the  vagus),  and  the  sympathetic  nerves.  After  leaving  the 
plexuses  many  of  the  nerve-fibres  enter  the  walls  of  the  auricles,  and  anastomose  together  in  the 
sub-epicardial  tissue,  forming  a  plexus  in  which  many  ganglion  cells  arc  embedded,  especially 
near  the  terminations  of  the  inierior  vena  cava  and  the  pulmonary  veins.  From  the  sub- 
epicardial auricular  plexus,  nerve  filaments,  on  which  nerve  ganglion  cells  have  been  found,  pass 
into  the  substance  oi  the  auricular  waUs. 

Other  fibres  from  the  cardiac  plexuses  accompany  the  coronary  arteries  to  the  ventricles,  and 
upon  these  also  ganglion  cells  are  found  in  the  region  immediately  below  the  auriculo- ventricular 
Bulcua 

The  nerve-fibres  which  issue  from  the  ganglionated  plexuses  of  the  heart  are  non-medullated. 
They  form  fine  plexuses  round  the  muscle  fibres,  and  they  terminate  either  in  fine  fibrils  on  the 
surfaces  of  the  muscle  fibres,  or  in  nodulated  ends  which  lie  in  contact  with  the  muscle  cells. 
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The  pericardium  is  a  fibro-serous  sac  which  surrounds  the  heart.  It  lies  in  the 
middle  mediastinum,  and  is  attached  below  to  the  diaphragm,  and  above  and  behind 
to  the  roots  of  the  great  vessels.  Anteriorly  and  posteriorly  it  is  in  relation  with 
adjacent  structures ;  laterally  it  is  in  close  apposition  with  the  pleural  sac& 

The  fibrous  pericardiuzn  is  a  strong  fibrous  sac  of  conical  form ;  its  base  is 
attached  to  the  central  tendon  and  to  a  part  of  the  muscular  substance  of  the 
diaphragm,  and  it  is  pierced  by  the  inferior  vena  cava.  At  its  apex  and  posteriorly 
it  is  gradually  lost  upon  the  great  vessels  which  enter  and  emerge  from  the  heart, 
giving  sheaths  to  the  aorta,  the  two  branches  of  the  pulmonary  artery,  the  superior 
vena  cava,  the  four  pulmonary  veins,  and  the  ligamentum  arttriosum.  Its 
anterior  surface  forms  the  posterior  boundary  of  the  anterior  mediastinum,  and  it 
gives  attachment,  above  and  below,  to  the  superior  and  inferior  sterno-pericardial 
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ligameDtB.  In  the  greater  part  of  its  extent  it  is  separated  from  the  anterior  wall 
ofthethomx  by  the  anterior  margine  of  the  lungs  and  pleural  sacs,  but  it  is  in  direct 
relation  with  the  left  half  of  the  lower  portion  of  the  body  of  the  sternum  and,  in 
many  oasea,  with  the  inner  ends  of  the  cartilages  of  the  fourth,  fifth,  and  sixth  riha 
of  the  left  side.  Its  posterior  surface  forms  the  anterior  boundary  of  the  posterior 
mediastinum ;  it  is  in  relation  with  the  ceaophagua  and  the  descending  aorta,  both 
of  which  it  separates  from  the  back  of  the  left  auricle.  Each  lateral  aspect  is  in 
close  contact  with  the  mediastinal  portion  of  the  parietal  pleura,  the  phrenic  nerye 
and  its  accompanying  vesseb  intervening.  The  inner  surface  of  the  fibrous  sac  is 
lined  by  the  serous  pericardium,  which  is  closely  attuched  to  it. 


E  Pericakdium  Amu 

:  vetsaela.     From  h  foim 

The  serous  pericardium  is  a  closed  sac  containing  a  little  fluid  (liquor  peri- 
cardii). It  is  surrounded  by  the  fibrous  pericardium  and  invaginated  by  the  heart. 
It  is,  therefore,  separable  into  two  portions — the  parietal,  which  lines  the  inner  sur- 
face of  the  fibrous  sac,  and  the  visceral,  which  ensheaths,  or  partially  ensheaths,  the 
heart  and  the  great  vessels ;  but  the  two  portions  are,  of  course,  continuous  with 
each  other  where  the  serous  layer  is  reflected  on  to  the  great  vessels  as  they  pierce 
the  fibrous  layer.  The  majority  of  the  great  veasels  receive  only  partial  coverings 
from  the  visceral  layer :  thus  the  superior  vena  cava  is  covered  in  front  and 
laterally ;  the  pulmonary  veins  in  front,  above,  and  below ;  and  the  inferior  vena 
cava,  for  a  very  short  distiince,  in  front  and  laterally.  The  aorta  and  the 
pulmonary  artery  are  enclosed  together  in  a  complete  sheath  of  the  visceral  layer , 
and  when  the  pericardial  sac  is  opened  from  the  front  it  is  possible  to  pass 
the  fingers  behind  them  and  in  front  of  the  auricles,  from  the  rig)it  to  the  left 
side,  through  a  passage  called  the  great  transverse  sinus  of  the  pericardium.    Thf 
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spaces  or  pouches  which  intervene  between  the  vessels  which  receive  partial  coverings 
from  the  serous  pericardium  are  also  called  sinuses ;  and  the  largest  of  them,  which 
is  bounded  below  and  on  the  right  by  the  inferior  vena  cava,  and  above  and  on  the 
left  by  the  left  inferior  pulmonary  vein,  is  known  as  the  great  obIi<xue  Binns.  It 
passes  upwards  and  to  the  right  behind  the  left  auricle,  and  lies  in  front  of  the 
(esophagus  and  the  descending  thoracic  aorta. 

A  small  fold  of  the  serous  pericardium,  the  vestigial  fold  of  Marshall  (liga- 
mentum  v.  cavse  sinistrse),  passes  from  the  left  pulmonary  artery  to  the  left  superior 
pulmonary  vein  behind  the  left  extremity  of  the  transverse  sinus.  It  merits 
special  attention  because  it  encloses  the  remains  of  the  left  superior  vena  cava, 
which  atrophies  at  an  early  period  of  foetal  life. 

Strnctura — ^The  fibrous  pericardium  consists  of  ordinary  connective  tissue  fibres  felted 
together  into  a  dense,  unyielding  membrane.  The  serous  pericardium  is  covered  on  its  inner 
aspect  by  a  layer  of  flat  endothelial  cells  which  rest  upon  a  basis  of  mixed  white  and  elastic  fibres 
in  which  run  numerous  blood-vessels,  lymphatics,  and  nerv^es. 

THE   ARTERIES. 
THE  PULMONARY  AETERY. 

The  pulmonaiy  artery  (a.  pulmonalis)  springs  from  the  anterior  and  left  angle 
of  the  base  of  the  right  ventricle,  at  the  termination  of  the  infundibulum.  It 
is  slightly  larger  at  its  commencement  than  the  aorta,  and  is  dilated  immediately 
above  the  valves  into  three  pouches,  the  sinuses  of  Valsalva.  It  runs  upwards  and 
backwards  towards  the  concavity  of  the  aortic  arch,  curving  from  the  front  round 
the  left  side  of  the  ascending  aorta  to  reach  a  plane  posterior  to  the  latter ;  and  it 
terminates,  by  dividing  into  right  and  left  branches,  opposite  the  sixth  dorsal 
vertebrae.     Its  length  is  a  little  more  than  two  inches. 

Relations. — The  pulmonary  artery  is  enclosed  within  the  fibrous  pericardium, 
and  enveloped  along  with  the  ascending  aorta  in  a  common  sheath  of  the  visceral 
layer  of  the  serous  pericardium.  It  lies  behind  the  inner  extremity  of  the  second 
left  intercostal  space,  from  which  it  is  separated  by  the  anterior  margins  of  the  left 
lung  and  pleural  sac. 

Its  posterior  relations  are  the  root  of  the  aorta,  the  anterior  wall  of  the  left 
auricle,  and  the  first  part  of  the  left  coronary  artery.  To  the  right  it  is  in  relation 
with  the  right  coronary  artery  and  the  right  auricular  appendix,  and  to  the 
left  with  the  left  coronary  artery  and  the  left  auricular  appendix.  Immediately 
above  its  bifurcation,  between  it  and  the  aortic  arch,  is  the  superficial  cardiac 
plexus. 

The  right  branch  of  the  pulmonary  artery  is  longer  and  larger  than  the 
left.  It  passes  to  the  hilum  of  the  right  lung,  forming  one  of  the  constituents  of 
its  root,  and,  entering  the  lung,  descends  with  the  main  bronchus  to  the  lower 
extremity  of  the  organ. 

Relations. — Before  it  enters  the  lung  the  right  pulmonary  artery  passes  behind  the 
ascending  aorta,  the  superior  vena  cava,  and  the  upper  right  pulmonary  vein.  At  first 
it  lies  below  the  arch  of  the  aorta  and  the  right  bronchus,  in  front  of  the  OBsophagus,  and 
above  the  left  auricle  and  the  lower  right  pulmonary  vein  ;  then  it  crosses  in  front  of  the 
right  bronchus  immediately  below  the  eparterial  branch,  and  reaches  the  hilum  of  the 
lung.  After  entering  the  lung  the  artery  descends,  behind  and  to  the  outer  side  of 
the  main  bronchus  and  between  its  ventral  and  dorsal  branches. 

Branches. — Before  entering  the  hilum  it  gives  off  a  large  branch  to  the  upper  lobe 
which  accompanies  the  eparterial  bronchus,  and  in  the  substance  of  the  lung  it  gives 
off  numerous  branches  which  correspond  with  and  accompany  the  dorsal,  ventral,  and 
accessory  branches  of  the  right  bronchus. 

The  left  branch  of  the  pulmonary  artery,  shorter,  smaller,  and  somewhat 
higher  in  position  than  the  right,  passes  outwards  and  backwards  from  the  bifurca- 
tion of  the  pulmonary  stem,  and  runs  in  the  root  of  the  left  lung  to  the  hilum ;  it 
then  descends  in  company  with  the  main  bronchus  to  the  lower  end  of  the  lung. 
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Relations. — Before  it  enters  the  lung  it  is  crossed  in  front  by  the  upper  left 
pulmonary  vein ;  behind  it,  is  the  left  bronchus  and  the  descending  aorta  ;  abovt,  the 
aortic  arch,  to  which  it  is  connected  by  the  ligamentum  arteriosum,  and  the  left  r 


Id.    620.— TUK    PULHONAHV     AKTBHIKB   itND    VkINS    AND   TKEIB    RELAtlONa. 

Parts  or  tbe  ascending  aorta  and  superior  vena  eaf  a  have  been  removed. 

U.  IntflroaL  nutmntaryarteiT-      3S.  Htenbo-hroJd  miucl«.  33.  Subdavi 

...  =...„..... ...  „.    Pletyan-  *'    —  -- 


9C«nia-b)^d  maKla.  ti.  I^    eaninuio    cuNid 
BleTno-lhjrroEd  DLQAcle.  artery. 

8t«nin-in»lold  miucle,  M.  Aorta. 

Phnnlc  nerve.  BT.  Ummenttim  artehoHBi. 

Vagiii  nerve.  M.  I<elt  ptxlmonarr  irtar. 

Verlebial artery.  8*.  Upper    r"     --' 

lufurior  thyroid  •rterj'.  vein. 

Thnnelcduet.  Vt,  Pulmonai?  arti«7. 


».  Cjiper  right  pulinonarjr  IS.  SapraBcapiilar  artery. 

vein.  14.  Tnin»ver>wcervicalort«y. 

4.  BiKbt  pulmonary  ar1er>'.  IS,  Vertrbnl  artery-. 

5.  Stip^rior  vena  cava.  14.  Inferiur  thyrijid  artery. 
B.  Lvft  iDDominaW  vrin.  it.  liilerrial  Jiii;u1ar  vein. 
7.  Innominato  arteiy.  18.  Common  larotid  artery. 
S.  RiKht  Innominate  vein.  IP.  Superior  tliyroid  artery. 
0.  SubctaviUB  muaele.  EO.  8l*nio.thynild  mnKle. 

■  a  Clavicle.  tl.  Oin(>.hyold  muscle. 

laryngeal  nerve ;  Utme,  it  is  in  relation  with  the  lower  left  pulmonary  vein.  After  enter- 
ing the  lung  it  descends,  like  the  right  pulmonary  artery,  behind  and  on  the  outer  side  of 
the  stem  bronchus,  and  between  its  ventral  and  dorsal  branches. 

Branches- — Just  before  passing  through  the  hilum  it  gives  off  a  branch  to  the 
upper  lobe,  and  in  tbe  substance  of  the  lung  its  branches  correspond  with  the  ventral, 
dorsal,  and  accessory  branches  of  the  bronchial  tnbe. 
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THE  SYSTEMIC  ARTERIES. 

THE  AORTA. 

The  aorta  is  the  main  trunk  of  the  arterial  system.  It  commences  at  the  base 
of  the  left  ventricle  and  ascends,  with  an  inclination  to  the  right,  to  the  level  of 
the  second  right  costal  cartilage ;  then  curving  backwards  and  to  the  left,  it 
reaches  the  left  side  of  the  lower  border  of  the  fourth  dorsal  vertebra,  and  finally 
descends  through  the  thorax  into  the  abdomen,  where  it  terminates,  on  the  left  of  the 
mesial  plane,  at  the  level  of  the  fourth  lumbar  vertebra,  by  bifurcating  into  the  two 
common  iliac  arteries.  The  portion  of  the  aorta  which  is  situated  in  the  thorax  is, 
for  convenience,  termed  the  thoracic  aorta,  and  the  rest  of  the  vessel  is  known  as 
the  abdominal  aorta. 

THE  THORACIC  AORTA. 

The  thoracic  aorta  is  subdivided  into  the  ascending  portion,  the  arch,  and  the 
descending  portion. 

The  ascending  aorta  (aorta  ascendens)  lies  in  the  middle  mediastinum.  It 
springs  from  the  base  of  the  left  ventricle,  behind  the  left  margin  of  the 
sternum,  opposite  the  lower  border  of  the  third  left  costal  cartilage  and  the 
body  of  the  sixth  dorsal  vertebra.  From  its  origin  it  passes  upwards,  forwards, 
and  to  the  right,  and  it  terminates  in  the  arch  of  the  aorta,  behind  the  right 
margin  of  the  sternum,  at  the  level  of  the  second  costal  cartilage.  Its  length 
is  from  2  to  2\  inches  (50  to  57  mm.),  and  its  breadth  is  1^  inches  (28  mm.) 
In  the  adult  it  is  a  little  narrower  at  its  commencement  than  the  pulmonary 
artery  is,  but  in  old  age  it  enlarges  and  exceeds  the  latter  vessel  in  size.  The 
diameter,  however,  is  not  uniform  throughout  the  whole  length  of  the  ascending 
aorta ;  four  distinct  dilatations  are  present.  Three  of  these,  small  and  pouch-like, 
are  known  as  the  sinuses  of  Valsalva  (sinus  aortae).  They  are  situated  at  the 
origin  of  the  aorta,  immediately  above  the  semilunar  cusps  of  the  valve  which 
guards  the  aperture  of  communication  with  the  left  ventricle ;  one  is  anterior  in 
position,  and  two  are  situated  posteriorly.  The  fourth  dilatation  is  formed  by 
a  diffuse  bulging  of  the  right  wall,  and  is  known  as  the  great  sinus  of  the 
aorta. 

Relations. — The  ascending  aorta  is  completely  enclosed  within  the  fibrous  peri- 
cardium which  blends  above  with  the  sheath  of  the  vessel.  It  is  enveloped,  together 
with  the  stem  of  the  pulmonary  artery,  in  a  tubular  prolongation  of  the  serous  pericar- 
dium,  and  at  its  origin  has  the  pulmonary  artery  in  front,  the  anterior  wall  of  the  left 
auricle  behind,  and  the  right  auricular  appendix  on  its  right  side.  In  the  upper  part  of 
its  course  the  ascending  aorta  is  overlapped  by  the  anterior  margins  of  the  right  lung  and 
right  pleural  sac,  whilst  behind  it  are  the  right  auricle,  the  right  branch  of  the  pulmonary 
artery,  the  right  bronchus,  and  the  left  margin  of  the  superior  vena  cava.  The  superior 
vena  cava  lies  on  the  right  side,  and  partly  behind  the  upper  part  of  the  ascending  aorta, 
whilst  the  pulmonary  artery  is  at  first  in  front  of  it  and  then,  at  a  higher  level,  on  its  left 
side. 

Branches. — Two  branches  arise  from  the  ascending  aorta,  viz.  the  right  and  the  left 
coronary  arteries.  The  former  springs  from  the  anterior,  and  the  latter  from  the  left 
posterior  sinus  of  Valsalva  (p.  800). 

The  arch  of  the  aorta  (arcus  aortsB)  lies  in  the  superior  mediastinum  behind 
the  lower  part  of  the  manubrium  stemi,  and  connects  the  ascending  with  the 
descending  aorta.  It  commences  behind  the  right  margin  of  the  sternum,  on  a 
level  with  the  second  costal  cartilage,  and  extends  to  the  lower  border  of  the  fourth 
dorsal  vertebra.  As  its  name  implies,  it  forms  an  arch;  in  this  there  are  two 
curvatures,  one  with  the  convexity  upwards,  and  the  other  with  the  convexity 
forwards  and  to  the  left.  From  its  origin  it  runs  for  a  short  distance  upwards, 
backwards,  and  to  the  left,  in  front  of  the  trachea;  then  it  passes  backwards, 
round  the  left  side  of  the  trachea  to  the  left  side  of  the  body  of  the  fourth  dorsal 
vertebra,  and  finally  turns  downwards  to  become  continuous  with  the  descending 
aorta. 
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At  its  commencement  it  has  the  same  diameter  as  the  ascending  aorta,  H 
inches  (28  mm.),  but  after  giving  off  three  large  branches,  the  diameter  is  reduced 
to  a  little  less  than  one  inch  (23  mm.) 

Relations. — It  is  overlapped  in  front  and  on  the  left  side  by  the  right  and  left  lungs 
and  pleural  sacs,  but  much  more  by  the  latter  than  the  former,  and  in  the  interval 
between  and  behind  the  pleural  sacs  it  is  covered  by  the  remains  of  the  thymus  gland. 
As  it  turns  backwards  it  is  crossed  vertically  on  the  left  side  by  four  nerves  in  the 
following  order  from  before  backwards : — the  left  phrenic,  the  inferior  cervical  cardiac 
branch  of  the  left  vagus,  the  superior  cardiac  branch  of  the  left  sympathetic,  and  the 
trunk  of  the  left  vagus,  and  the  left  superior  intercostal  vein  passes  obliquely  upwards 
and  to  the  right  between  the  vagus  and  phrenic  nerves. 

Behind  and  to  the  i^ht  side  of  the  arch  are  the  trachea,  deep  cardiac  plexus,  the  left 
recurrent  laryngeal  nerve,  the  left  border  of  the  oesophagus,  and  the  thoracic  duct.  Abat^e 
are  its  three  large  branches — the  innominate,  the  left  common  carotid,  and  the  left 
subclavian  arteries — and  crossing  in  front  of  the  roots  of  these  is  the  left  innominate  vein. 
Below  is  the  bifurcation  of  the  pulmonary  artery  and  the  root  of  the  left  lung ;  the 
ligamentum  arteriosum,  which  is  also  below,  attaches  it  to  the  commencement  of  the 
left  pulmonary  artery,  whilst  to  the  right  of  the  ligament  is  the  superficial  cardiac 
plexus,  and  to  its  left  is  the  left  recurrent  laryngeal  nerve. 

Branches. — The  three  great  vessels  which  supply  the  head  and  neck,  part  of  the 
thoracic  wall,  and  the  upper  extremities — viz.  the  innominate,  the  left  common  carotid, 
and  the  left  subclavian  arteries — arise  from  the  aortic  arch. 

The  descending  aorta  (aorta  descendens). — The  thoracic  portion  of  the  de- 
scending aorta  lies  in  the  posterior  mediastinum ;  it  extends  from  the  termination 
of  the  arch,  at  the  lower  border  of  the  left  side  of  the  fourth  dorsal  vertebra,  to 
the  aortic  opening  in  the  diaphragm,  where,  opposite  the  twelfth  dorsal  vertebra, 
it  becomes  continuous  with  the  abdominal  portion.  Its  length  is  from  seven  to 
eight  inches  (17'5  to  20  cm.),  and  its  diameter  diminishes  from  23  mm.  at  its 
commencement  to  21  mm.  at  its  termination. 

Relations.— Immediately  behind  it  is  the  vertebral  column  and  the  anterior 
common  ligament.  It  rests  also  on  the  vena  azygos  minor  superior  and  the  veiui 
azygos  minor  inferior,  whilst  from  its  posterior  aspect  the  aortic  intercostal  bi-anches  are 
given  off. 

In  front  it  is  in  relation,  from  above  downwards,  with  the  root  of  the  left  lung,  the  peri- 
cardium which  separates  it  from  the  back  of  the  left  auricle,  the  oesophagus  with  the  oeso- 
phageal plexus  of  nerves,  and  the  crura  of  the  diaphragm  which  separate  it  from  the  Spigelian 
lobe  of  the  liver.  On  the  left  side  are  the  left  lung  and  pleura.  On  the  ri^ht  side  the 
thoracic  duct  and  the  vena  azygos  major  form  immediate  relations  along  its  whole  length. 
The  oesophagus  also  lies  to  the  right  of  the  upper  part  of  the  descending  aorta,  whilst  the 
right  lung  and  pleura  are  in  close  relation  below. 

Branches. — Nine  pairs  of  aortic  intercostal  arteries,  two  left  bronchial  arteries,  four 
or  five  OBSophageal,  some  small  pericardial,  and  a  few  posterior  mediastinal  branches, 
usually  arise  from  the  descending  aorta. 


THE  ABDOMINAL  AORTA. 

The  abdominal  portion  of  the  descending  aorta  lies  in  the  epigastric  and 
umbilical  regions  of  the  abdomen.  It  extends  from  the  middle  of  the  lower 
border  of  the  last  dorsal  vertebra  to  the  left  side  of  the  body  of  the  fourth  lumbar 
vertebra,  where  it  bifurcates  into  the  right  and  left  common  iliac  arteries.  The 
point  of  division  is  a  little  below  and  to  the  left  of  the  umbilicus,  opposite  a  line 
drawn  transversely  across  the  abdomen  on  a  level  with  the  highest  points  of  the 
iliac  crests. 

At  its  commencement  it  is  21  mm.  in  diameter,  but  after  the  origin  of  two 
large  branches,  the  coeliac  axis  and  the  superior  mesenteric  arteries,  it  diminishes 
considerably,  and  then  retains  a  fairly  uniform  diameter  to  its  termination. 

Relations. — Behind^   it  is  in  contact  with  the   upper  four  lumbar   vertebree  and 


THE  ABDOMINAL  AOHTA.  799 

iat^rvening  intervertebral  discs,  the  anterior  common  ligament,  and  the  left  lumbar  veins  ; 
the  himbar  and  the  middle  sacral  arteriea  spring  from  this  aspect  of  the  vessel.  Jn  front, 
and  in  close  relation  with  it,  there  are  from  above  downwanis  the  following  structures : 
the  cceliac  aiia  and  solar  plexus,  the  pancreas  and  splenic  vein,  the  superior  mesenteric 
artery,  the  left  renal  vein,  the  third  part  of  the  duodenum,  the  root  of  the  mesentery,  the 
aortic  plems,  the  inferior  mesenteric  art*ry,  the  peritoneum  and  coils  of  small  intestine. 
More  snperhcially  the  stomach,  the  transverse  colon,  and  the  great  and  small  omenta,  are 
in  front.     On  the  riffkl  »ide,  in  the  upper  part  of  its  extent,  are  the  thoracic  duct  and 


Fig.  S21. — Thk  Abdohikal  AniiTA  and  ITS  Branches, 

receptaculum  cbyli,  the  vena  azygos  major,  and  the  right  cms  of  the  diaphragm,  the 
latter  separating  it  from  the  right  semilunar  ganglion  and  from  the  upper  part  of  the 
inferior  vena  cava.  In  it«  lower  part  it  is  in  direct  relation  with  the  inferior  vena  cava. 
On  the  left  siiie,  the  left  cms  of  the  diaphn^m  with  the  left  semilunar  ganglion,  and  the 
fourth  part  of  the  duodenum,  are  in  close  relation  with  its  upper  part,  whilst  in  the  lower 
portion  of  its  extent  the  peritoneum  and  some  coils  of  the  small  intestine  are  in  contact 
with  it. 

Branches. — The  branches  form  two  groups,  visceral  and  parietal,  and   each  group 
consists  of  paired  and  unpaired  vessels,  as  follows  :  — 


J 
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Viso€ 

1 
Unpaired. 

)ral. 

Paired. 

Suprarenal 
Renal 

Spermatic     or 
ovarian 

Parietal. 
Unpaired.                     Paired. 

1 

Coeliac  axis 

Superior   mesen- 
teric 

Inferior     mesen- 
teric 

Middle  sacral 

1 

Inferior  phrenic 
Lumbar  (four  pairs) 
Common  iliac 

1 

i 

BRANCHES  OF  THE  ASCENDING  AORTA. 

Coronary  Arteries. 

The  coronary  arteries  are  two  in  number,  a  right  and  a  left ;  they  are  distributed 
almost  entirely  to  the  heart,  but  give  also  some  small  branches  to  the  roots  of  the 
great  vessels,  and  to  the  pericardium  (Figs.  613,  614,  and  617). 

The  right  coronary  artery  (a.  coronaria  dextra)  springs  from  the  anterior 
sinus  of  Valsalva.  It  runs  forwards,  between  the  root  of  the  pulmonary  artery 
and  the  right  auricular  appendix,  to  the  auriculo- ventricular  sulcus,  in  which  it 
passes  to  the  right,  and  then,  turning  round  the  margin  of  the  heart,  is  continued  to 
the  left  as  far  as  the  posterior  end  of  the  inferior  interventricular  sulcus,  where  it 
ends  by  dividing  into  two  terminal  branches.  It  is  accompanied  by  branches 
from  the  cardiac  plexus,  and  is  in  relation  with  the  right  coronary  vein. 

Branches. — Of  the  two  terminal  branches,  one,  the  transverse  (ramuB  circumflexus),  i»  of 
small  size ;  it  is  simply  the  continuation  of  the  main  trunk  which  runs  farther  to  the  left  to 
anastomose  with  the  transverse  branch  of  the  left  coronary  artery.  The  other,  the  interventriciiULr 
(ramus  descendens),  is  much  larger  than  the  transverse  branch.  It  runs  forwards  in  the  inferior 
interventricular  sulcus,  supplies  1x)th  ventricles,  and  anastomoses,  at  the  apex  of  the  heart,  with 
the  interventricular  branch  of  the  left  coronary  artery. 

In  addition  to  the  terminal  branches  small  aortic  and  pulmonary  twigs  are  distributed  to  th«? 
roots  of  the  aorta  and  pulmonary  artery  respectively.  A  right  auricular  branch  passes  upwards 
on  the  anterior  surface  of  the  right  auricle,  between  it  and  the  ascending  aorta ;  one  or  more 
preventricular  branches,  of  small  size,  descend  on  the  anterior  surface  of  tne  right  ventricle ;  a 
branch  of  larger  size,  the  marginal  artery,  descends  along  the  right  margin  and  gives  branches  w 
both  surfaces  of  the  right  ventricle. 

The  left  coronary  artery  (a.  coronaria  sinistra)  arises  from  the  left  posterior 
sinus  of  Valsalva.  In  its  course  and  distribution  it  resembles  in  many  respects 
the  right  coronary  artery,  the  chief  difference  being  that  it  divides  much  sotiner 
into  its  two  terminal  branches ;  the  trunk  of  the  artery  is  therefore  correspondingly 
short.  From  its  origin  it  runs  forwards  between  the  root  of  the  pulmonary  artery 
and  the  left  auricular  appendix,  and,  reaching  the  auriculo-ventricular  sulcus  at  tbe 
upper  end  of  the  anterior  interventricular  groove,  divides  immediately  into  trans- 
verse and  interventricular  terminal  branches. 

Branches. — The  transverse  terminal  branch  (ramus  tii*cumilexus)  runs  to  the  left  margin  of 
the  heart,  and  there  turns  to  the  inferior  surface  where  it  comes  into  relation  with  the  coronan- 
sinus;  it  ends  by  anastomosing  with  the  transverse  branch  of  the  right  coronary  artery.  It 
supplies  the  left  auricle,  the  left  margin  of  the  heart,  and  the  posterior  part  of  the* lower  surface 
of  tne  left  ventricle.  The  interventricular  terminal  branch  (ramus  descendens  anterior)  pas.^'S 
down  the  anterior  interventricular  sulcus  to  the  apex  of  the  heart,  where  it  anastomoses  ^nth 
the  interventricular  branch  from  the  right  coronary ;  it  supplies  both  ventricles,  and  is  accom- 
panied by  cardiac  nerves  and  by  the  great  cardiac  vein. 

A  left  auricular  branch,  or  braiulies  of  small  size,  jmiss  to  the  wall  of  the  left  auricle, and  small 
aortic  and  pnlmonary  branches  are  also  given  to  the  roots  of  the  taorta  and  pulmonary  arterj'. 

BKANCHES  OF  THE  ARCH  OF  THE  AORTA. 

The  branches  which  arise  from  the  arch  of  the  aorta  supply  the  head  and  neck, 
the  upper  extremities,  and  part  of  the  body  wall.  , 

They  are  three  in  number,  viz.  the   innominate,  the   left  common  carotid,  and  / 
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the  left  subclavian  arteries.  The  innominate  is  a  short  trunk  from  the  termination 
of  which  the  right  common  carotid  and  the  right  subclavian  arteries  spring  (Figs. 
620  and  624) ;  thus  there  is  at  first  a  difference  between  the  stem  vessels  of  opposite 
sides,  but  beyond  this  the  subsequent  course  and  the  ultimate  distribution  ot  these 
vessels  closely  correspond, 

THE  INNOMINATE  ARTERY. 

The  innominate  artery  (a.  anonyma,  Fig.  620)  arises  behind  the  middle  of  the 
lower  part  of  the  manubrium  sterni,  from  the  convexity  of  the  arch  of  the  aorta 
near  its  right  or  anterior  extremity,  and  terminates  opposite  the  right  sterno- 
cla\icular  articulation,  where  it  divides  into  the  right  subclavian  and  right  common 
carotid  arteries. 

Course. — The  trunk,  which  measures  from  one  and  a  half  to  two  inches  (37  to 
50  mm.)  in  length,  runs  upwards,  backwards,  and  outwards  in  the  superior 
mediastinum. 

Relations. — Posterior. — It  is  in  contact  behind,  with  the  trachea  below  and  with 
the  right  pleural  sac  above. 

Anterior, — The  left  innominate  vein  crosses  in  front  of  the  lower  part  of  the  artery, 
and  above  this  the  stemo-thyroid  muscle  separates  it  from  the  stemo-hyoid  and  the  right 
stemo-clavicular  joint.  The  remains  of  the  thymus  gland,  which  separate  it  from  the 
manubrium  sterni,  are  also  in  front 

Lateral. — The  right  innominate  vein  and  the  upper  part  of  the  superior  vena  cava 
are  on  the  right  side  of  the  artery.  On  its  left  side  is  the  origin  of  the  left  common 
carotid  artery,  whilst  at  a  higher  level  the  trachea  is  in  contact  with  it. 

Branches. — As  a  rule  the  innominate  artery  does  not  give  off  any  branches  except 
its  two  terminals,  but  occasionally  it  furnishes  an  additional  branch,  the  thyroidea  ima 

The  thyroidea  ima  is  an  inconstant  and  slender  vessel.  When  present  it 
sometimes  arises  from  the  arch  of  the  aorta,  but  it  usually  springs  from  the  lower 
part  of  the  innominate.  It  passes  upwards  in  front  of  the  trachea,  through  the 
anterior  part  of  the  superior  mediastinum  and  the  lower  part  of  the  neck,  and  gives  off 
branches  to  the  lateral  lobes  and  isthmus  of  the  thyroid  body  and  to  the  trachea. 

THE  AKTEKIES  OF  THE  HEAD  AND  NECK. 

The  vessels  distributed  to  the  head  and  neck  are  chiefly  derived  from  the 
carotid  trunks ;  there  are,  however,  in  addition,  other  vessels  which  arise  from  the 
main  arterial  stems  of  the  upper  extremities,  and  it  will  be  advantageous  to 
describe  the  most  important  of  these,  viz.  the  vertebral  arteries,  with  the  carotid 
system.  The  smaller  additional  branches  will  be  considered  along  with  the 
remaining  branches  of  the  subclavian  arteries. 

The  carotid  system  of  arteries  consists  on  each  side  of  a  common  carotid  trunk, 
which  divides  into  internal  and  external  carotid  arteries,  from  which  numerous 
branches  are  given  off. 

The  internal  carotid  arteries  are  distributed  almost  entirely  to  the  contents  of 
the  cranial  cavity  internal  to  the  dura  mater,  and  to  the  structures  in  the  cavity 
of  the  orbit.  The  external  carotid  arteries,  on  the  other  hand,  supply  structures  of 
the  head  and  neck  more  externally  situated. 

It  is  to  be  observed,  however,  that  the  vascular  supply  of  the  brain  is  not  wholly 
derived  from  the  internal  carotid  vessels,  but  that  the  vertebral  arteries  also 
contribute  largely  to  it. 

THE  COMMON  CAROTID  ARTERIES. 

The  right  and  the  left  common  carotid  arteries  are  of  unequal  length.  The 
right  common  carotid  commences  at  the  bifurcation  of  the  innominate  artery, 
behind  the  right  sterno-clavicular  articulation ;  the  left  arises  in  the  superior 
mediastinum  from  the  arch  of  the  aorta,  but  each  terminates  at  the  level  of 
the  upper  border  of  the  thyroid  cartilage ;  the  left  artery  has  thus  a  short  intra- 
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The  right  common  carotid  artery,  aa  already  stated,  ditfers  as  regards  origin 
from  the  left  common  carotid.  In  length  and  general  position  it  corresponds  with 
the  cervical  portion  of  the  left  common  carotid,  and  its  relations  also  are  very 
similar.  Such  differences  as  exist  may  be  briefly  summarised  as  follows; — The 
internal  jugular  vein  on  both  sides  lies  external  to  the  artery ;  on  the  left  side  it 
runs  well  in  front  of  the  carotid  artery  in  the  lower  part  of  the  neck,  whilst  on  the 
right  side  the  vein  is  separated  from  the  outer  surface  of  the  artery  at  its  lower  end 
by  a  well-marked  interval  in  which  the  vagus  nerve  appears.  The  thoracic  duct 
does  not  come  into  relation  with  the  right  common  carotid,  and  there  is  also  a 


Fig.  6-22.— Tbe  Cabotid  and  Subcli^ 

difference  in  the  relations  of  the  recurrent  laryngeal  nerves  to  the  arteries  on  the 
two  sides.  On  the  left  side  the  nerve  crosses  behind  the  mediastinal  part  of  the 
left  artery,  and  lies  internal  to  its  cervical  part,  whilst  the  corresponding  nerve  on 
the  right  side  passes  behind  the  lower  part  of  the  carotid  artery  in  the  neck  to  reach 
its  inner  side,  and  the  (esophagus  has  a  less  intimate  relation  with  the  right  than 
with  the  left  common  carotid  artery. 

THE   EXTERNAL  CAROTID  ARTERY. 

The  external  carotid  artery  (a.  carotis  externa.  Fig.  623)  is  the  smaller  of  the  two 
terminal  branches  of  the  common  carotid ;  its  length  is  about  two  and  a  half  inches 
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(62  mm.)  It  extends  from  the  upper  border  of  the  thyroid  cartilage  to  the  back 
of  the  neck  of  the  mandible,  where  it  terminates  by  dividing  into  the  superficial 
temporal  and  the  internal  maxillary  arteries. 

Course. — It  commences  in  the  carotid  triangle,  passes  upwards  internal  to  the 
posterior  belly  of  the  digastric  and  the  stylo-hyoid  muscles  to  enter  the  posterior 
part  of  the  submaxillary  triangle,  where  it  disappears  behind  the  lower  part  of  the 
parotid  gland,  and  it  terminates  under  cover,  or  in  the  substance,  of  the  upper  part 
of  the  gland. 

At  its  commencement  it  lies  somewhat  in  front  of  and  to  the  inner  side  of  the 
internal  carotid  artery,  but,  inclining  slightly  backwards  as  it  ascends,  it  becomes 
superficial  to  the  latter  vessel,  and  its  course  is  indicated  by  a  line  drawn  from  the 
lobule  of  the  ear  to  the  posterior  extremity  of  the  great  comu  of  the  hyoid  bone. 

Relations. — Posterior. — In  the  lower  part  of  its  extent  it  is  in  close  relation  with  the 
internal  carotid,  and  in  the  upper  part  of  its  course  with  the  cartilaginous  portion  of  the 
external  auditory  meatus. 

Lateral, — At  its  commencement  the  fibres  of  the  inferior  constrictor  muscle  are  in  con- 
tact with  its  inner  side,  but  at  a  higher  level  the  structures  which  intervene  between  it 
and  the  internal  carotid — viz.  the  stylo-pharyngeus  muscle,  the  tip  of  the  styloid  process, 
the  stylo-glossus  muscle,  the  glosso-pharyngeal  nerve,  and  the  pharyngeal  branch  of  the 
vagus — separate  it  from  the  wall  of  the  pharynx  ;  whilst  internal  both  to  it  and  to  the 
internal  carotid  artery  are  the  external  and  internal  laryngeal  branches  of  the  superior 
laryngeal  nerve. 

SuperfidaL — In  the  carotid  triangle  the  lingual,  ranine,  common  facial,  and  superior 
thyroid  veins  are  superficial  to  it,  and  the  hypoglossal  nerve  crosses  the  artery  immediately 
below  the  origin  of  its  occipital  branch.  On  the  boundary  line  between  the  carotid  and 
the  submaxillary  triangles  the  posterior  belly  of  the  digastric  and  the  stylo-hyoid  muscles 
cover  the  artery,  and  from  the  tip  of  the  mastoid  process  downwards  it  is  overlapped  bv 
the  anterior  border  of  the  sterno-mastoid  muscle.  Above  the  posterior  belly  of  the 
digastric  the  parotid  gland  is  superficial  to  the  artery,  while  still  more  superficially  are 
the  superficial  fascia  and  the  skin.  In  the  substance  of  the  parotid  gland  the  temporo- 
maxillary  vein  descends  on  the  outer  side  of  the  artery,  and  the  facial  nerve  crosses  on 
the  outer  side  of  the  vein  at  a  right  angle  to  it. 

Branches. — Eight  branches  arise  from  the  external  carotid  artery ;  of  these  three — the 
superior  thyroid,  the  lingual,  and  the  facial — spring  from  its  anterior  aspect  in  the  carotid 
triangle ;  two  arise  from  its  posterior  aspect,  viz.  the  occipital  and  the  posterior 
auricular,  the  former  commencing  below  the  posterior  belly  of  the  digastric  and  the  latter 
above  it ;  one  from  its  inner  side,  viz.  the  ascending  pharyngeal,  which  rises  in  the 
carotid  triangle ;  and  two  from  its  termination,  viz.  the  superficial  temporal  and  the 
internal  maxillarv. 

Branches  of  the  External  Carotid  Artery. 

(1)  Superior  Thsrroid  Artery  (a.  thyroidea  superior,  Figs.  622  and  624). — This 
vessel  springs  from  the  front  of  the  lower  part  of  the  external  carotid  artery,  just 
below  the  tip  of  the  great  cornu  of  the  hyoid  bone,  and  terminates  at  the  upper  ex- 
tremity of  the  lateral  lobe  of  the  thyroid  body  by  dividing  into  its  terminal  branche& 

Course. — From  its  commencement  in  the  carotid  triangle  the  artery  runs  at 
first  forwards  and  a  little  upwards  ;  it  then  turns  downwards  to  its  termination. 

Relations. — Intenudly  it  is  in  relation  with  the  inferior  constrictor  muscle  and  the 
external  laryngeal  branch  of  the  superior  laryngeal  nerve. 

SuperfictaUy  it  is  covered  at  its  origin  by  the  anterior  border  of  the  sterno-mastoid ; 
afterwards,  for  a  short  distance,  by  fascia,  platysma,  and  skin,  and  in  the  lower  part  of  its 
extent  by  the  omo-hyoid,  the  sterno-hyoid,  and  the  sternothyroid  muscles,  and  it  is  over- 
lapped by  an  accompanying  vein. 

Branches. — (1)  In  the  carotid  triangle  (a)  an  infra-hyoid  branch  (ramus  hyoideus) 
runs  along  the  lower  border  of  the  great  comu  of  the  hyoid  bone,  under  cover  of  the 
thyro-hyoid  muscle,  to  anastomose  with  its  fellow  of  the  opposite  side  and  with  the  supra- 
hyoid branch  of  the  lingual  artery.     It  supplies  the  thyro-hyoid  muscle  and  membnuie. 

{b)  A  laryngeal  branch  (a.  laryngea  superior)  runs  forwards  beneath  the  thyro-hyoid 
muscle.  It  pierces  the  thyro-hyoid  membrane  in  company  with  the  internal  laryngeal 
nerve,  supplies   the   muscles,    ligaments,   and   mucous   membrane   of   the  larynx,  and 
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anastomoses  with  its  fellow  of  the  opposite  side,  with  branches  of  the  crico-thyroid  artery, 
and  with  the  terminal  branches  of  the  inferior  thyroid  artery. 

(c)  The  stemo-mastoid  branch  (ramus  steruo-cleidomastoideus)  passes  downwards  and 
backwards  along  the  upper  border  of  the  anterior  belly  of  the  omo-hyoid  muscle,  and  across 
the  common  carotid  artery  to  the  under  surface  of  the  stemo-mastoid  muscle.  It  anasto- 
moses, in  the  stemo-mastoid,  with  branches  of  the  occipital  and  suprascapular  arteries. 

(2)  In  the  muscular  triangle  (d)  a  crico-thyTOid  branch  (ramus  crico-thyroideus)  runs 
forwards,  either  over  or  under  the  sterno-thyroid,  and  crosses  the  crico-thyroid  muscle  to 
anastomose  iu  front  of  the  crico-thyroid  membrane  with  its  fellow  of  the  opposite  side,  and, 
by  branches  which  perforate  the  crico-thyroid  membrane,  with  laryngeal  branches  of  the 
superior  and  inferior  thyroid  arteries.     It  supplies  the  adjacent  muscles  and  membrane. 

(e)  The  terminal  branches  are  anterior  and  posterior  respectively. 

The  anterior  terminal  branch  (ramus  anterior),  often  much  larger  than  the  crico- 
thyroid artery,  descends  along  the  anterior  border  of  the  lateral  lobe  of  the  thyroid  body, 
and,  extending  on  to  the  upper  border  of  the  thyroid  isthmus,  anastomoses  with  its  fellow 
of  the  opposite  side.  The  posterior  branch  (ramus  posterior)  descends  along  the  posterior 
border  of  the  lateral  lobe,  and  both  terminal  branches  supply  the  thyroid  body  (rami 
glandulares).  They  anastomose  with  each  other  and  with  branches  from  the  inferior 
thyroid  artery. 

(2)  Lingnal  Artery. — The  lingual  artery  (a.  lingualis,  Figs.  622  and  624)  springs 
from  the  front  of  the  external  carotid,  opposite  the  tip  of  the  great  cornu  of  the 
hyoid  bone^  and  terminates,  as  the  ranine  artery,  beneath  the  tip  of  the  tongue, 
where  it  anastomoses  with  its  fellow  of  the  opposite  side. 

Course. — From  its  commenGement,  and  whilst  in  the  carotid  triangle,  the  first 
part  of  the  artery  forms  a  loop  with  the  convexity  upwards.  A  second  part  passes 
forwards,  internal  to  the  hyo-glossus  muscle,  immediately  above  the  great  cornu  of 
the  hyoid  bone,  to  the  anterior  border  of  the  muscle,  where  it  gives  off  a  sublingual 
branch.  A  third  part  passes  obliquely  forwards  and  upwards  under  cover  of  the 
anterior  border  of  the  hyo-glossus,  and  a  fourth  part  runs  directly  forwards  on  the 
under  surface  of  the  tongue  to  the  tip.  The  third  and  fourth  parts  are  frequently 
described  together  as  the  ranine  artery  (a.  profunda  linguae). 

Relations. — The  first  part  of  the  lingual  artery  is  crossed  superficially  by  the  hypo- 
glossal nerve,  but  besides  this  it  is  only  covered  by  skin,  fascia,  and  the  platysma;  it  rests 
internally  against  the  middle  constrictor  of  the  pharynx.  In  the  rest  of  its  course  the 
artery  is  for  the  most  part  more  deeply  placed.  The  second  part,  remaining  in  contact 
internally  with  the  middle  constrictor,  passes  internal  to  the  hyo-glossus  muscle,  by  which 
it  is  separated  from  the  hypc^lossal  nerve,  the  ranine  vein,  and  the  lower  part  of  the  sub- 
maxillary gland.  The  third  part  ascends  almost  vertically,  parallel  with  and  under  the 
anterior  fibres  of  the  hyo-glossus,  which  is  here  covered  by  the  mylo-hyoid,  and  between  it 
and  the  genio-hyo-glossus.  The  fourth  part  runs  forwards  between  the  inferior  lingualis 
and  the  genio-hyo-glossus  muscles,  and  is  only  covered  on  its  lower  surface  by  the  mucous 
membrane  of  the  tongue.  Thus  the  lingual  artery  at  its  termination,  near  the  frsenum 
linguse,  is  again  comparatively  superficial. 

Branches. — (a)  The  snpra-hyoid  (ramus  hyoideus),  a  small  branch  which  arises  in 
the  carotid  triangle  and  runs  along  the  upper  border  of  the  great  cornu  of  the  hyoid  bone. 
It  anastomoses  with  its  fellow  of  the  opposite  side  and  with  the  infra-hyoid  branch  of  the 
superior  thyroid  artery. 

(6)  The  dorsalis  lingnsB  (ramus  dorsalis  linguee)  is  a  branch  of  moderate  size  which 
arises  from  the  second  part  of  the  artery.  It  ascends  external  to  the  genio-hyo-glossus  to 
the  dorsum  of  the  tongue,  where  it  branches  and  anastomoses  with  its  fellow  of  the  opposite 
side  round  the  foramen  ccecum.  It  supplies  the  posterior  part  of  the  tongue  as  far  back 
as  the  epiglottis,  and  sends  branches  backwards  to  the  tonsil  which  anastomose  with  the 
tonsillar  branches  of  the  ascending  palatine  branch  of  the  facial  and  with  the  ascending 
pharyngeal  artery. 

(c)  A  sublingual  branch  (a.  sublingualis)  arises  at  the  lower  part  of  the  anterior  border 
of  the  hyo-glossus  muscle  and  runs  forwards  and  upwards,  between  the  mylo-hyoid  and 
the  genio-hyo-glossus,  to  the  sublingual  gland,  which  it  supplies;  it  also  supplies  the  mylo- 
hyoid, the  genio-hyo-glossus,  and  the  genio-hyoid  muscles,  and  it  anastomoses  with  its 
fellow  of  the  opposite  side,  with  the  continuation  of  the  lingual  by  a  branch  which  it 
sends  along  the  frsenum  linguee,  and  through  the  mylo-hyoid  muscle  with  the  submental 
branch  of  the  facial. 
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lower  lip,  supplying  the  skin,  muscles,  and  mucous  membrane,  and  anastomoses  with  the 
mental  branch  of  the  inferior  dental,  with  the  inferior  coronary,  with  the  submental,  and 
with  its  fellow  of  the  opposite  side. 

(/)  The  inferior  coronary  springs  from  the  front  of  the  facial  artery,  either 
together  with  or  directly  above  the  inferior  labial  branch.  It  runs  forwards  beneath  the 
depressor  anguli  oris,  and  between  the  fibres  of  the  orbicularis  oris  and  the  mucous 
membrane  of  the  lip.  It  supplies  the  adjacent  parts,  and  anastomoses  with  its  fellow  of 
the  opposite  side,  and  with  the  mental,  inferior  labial,  and  submental  arteries. 

{(f)  The  superior  coronary  (a.  labial  is  superior)  springs  from  the  front  of  the  facial 
beneath  the  zygomaticus  major,  and  runs  forwards  and  inwards  between  the  orbicularis 
oris  and  the  mucous  membrane  of  the  upper  lip  to  the  middle  line.  It  supplies 
the  skin,  muscles,  and  mucous  membrane  of  the  upper  lip,  and  by  a  septal  branch  the 
lower  and  front  part  of  the  septum  of  the  nose.  It  anastomoses  with  its  fellow  of  the 
opposite  side,  with  the  lateral  nasal,  and,  on  the  septum  nasi,  with  the  naso-palatine 
branch  of  the  spheno-palatine  artery. 

(h)  The  masseteric  branch,  sometimes  represented  by  several  twigs,  arises  from  the 
posterior  aspect  of  the  facial  trunk  a  short  distance  above  the  lower  margin  of  the  jaw.  It 
passes  upwards  and  backwards  across  the  masseter,  and  anastomoses  with  the  transverse 
facial  artery. 

(t)  The  baccal  is  an  inconstant  branch  which,  when  present,  arises  from  the  back  of 
the  facial  artery  above  the  masseteric  branch,  and  runs  upwards  and  backwards,  across  the 
buccinator  muscle,  to  anastomose  with  the  buccal  branch  of  the  internal  maxillary  artery. 

(k)  The  lateral  nasal,  one  of  the  terminal  branches  of  the  facial  artery,  is  usually 
small.  It  ramifies  on  the  ala  of  the  nose,  supplying  the  skin,  muscles,  and  lower 
lateral  cartilages,  and  anastomosing  with  the  angular  branch,  with  the  nasal  branch  of  the 
ophthalmic,  and  with  branches  of  the  spheno-palatine  artery. 

{I)  The  a-T^giilftr  (a.  angularis),  the  other  terminal  branch  of  the  facial,  continues 
the  direction  of  the  main  trunk  along  the  side  of  the  nose  to  the  inner  angle  of  the 
orbit.  It  supplies  the  skin  and  muscles  of  the  side  of  the  nose,  and  anastomoses  with  the 
lateral  nasal,  and  with  the  nasal  and  palpebral  branches  of  the  ophthalmic  artery. 

(4)  Occipital  Artery  (a.  occipitalis,  Mgs.  622,  623,  and  650). — This  vessel  arises 
from  the  back  of  the  external  carotid  artery,  below  the  posterior  belly  of  the 
digastric  muscle,  and  terminates  near  the  inner  end  of  the  superior  curved  line 
of  the  occipital  bone  by  dividing  into  internal  and  external  terminal  branches. 

Course. — It  commences  in  the  carotid  triangle  and  runs  upwards  and  back- 
wards, parallel  with  and  under  cover  of  the  posterior  belly  of  the  digastric,  to  the 
interval  between  the  transverse  process  of  the  atlas  and  the  base  of  the  skull,  where 
it  turns  backwards  in  a  groove  on  the  under  surface  of  the  mastoid  portion  of  the 
temporal  bone;  as  it  leaves  the  groove  it  alters  its  direction  and  runs  upwards 
and  inwards  on  the  superior  oblique  muscle  to  the  junction  of  the  inner  and 
middle  thirds  of  the  superior  curved  line  of  the  occipital  bone,  where  it  enters  the 
superficial  fascia  of  the  scalp. 

Relations. — In  the  first  or  ascending  part  of  its  course  the  occipital  artery  crosses 
successively  the  internal  carotid  artery,  the  hypoglossal  nerve,  the  vagus  nerve,  the  internal 
jugular  vein,  and  the  spinal  accessory  nerve ;  it  is  covered  by  the  lower  fibres  of  the 
posterior  belly  of  the  digastric  and  the  anterior  part  of  the  stemo-mastoid  muscle,  and, 
close  to  its  origin,  it  is  crossed  by  the  hypoglossal  nerve.  In  the  second,  or  more 
horizontal  part  of  its  course,  it  is  still  under  cover  of  the  stemo-mastoid  and  digastric, 
and  lies  internally  against  the  rectus  capitis  lateralis,  which  separates  it  from  the 
vertebral  artery.  In  the  third  part  of  its  course  it  rests  upon  the  superior  oblique 
and  complexus,  and  is  under  cover  of  the  sterno-mastoid,  the  splenius  capitis,  and  the 
trachelo-mastoid  muscles.  At  its  termination  it  is  crossed  by  the  great  occipital  nerve ; 
it  passes  either  through  the  trapezius  or  between  the  trapezius  and  the  stemo-mastoid, 
and  pierces  the  deep  fascia  of  the  neck  before  it  enters  the  superficial  fascia  of  the  scalp. 

Branches. — (a)  Muscular  branches  (rami  musculares)  go  to  the  surrounding  muscles. 
The  sterno-mastoid  branch  (a.  stemocleido-mastoidea)  is  the  most  important  of  this  group ; 
it  springs  from  the  comjnencement  of  the  occipital,  is  looped  downwards  across  the  hypo- 
glossal nerve,  and  is  continued  downwards  and  backwards,  below  and  in  front  of  the 
spinal  accessory  nerve,  into  the  stemo-mastoid  muscle  where  it  anastomoses  with  the 
sterno-mastoid  branch  of  the  superior  thyroid  artery. 

(6)  The  meningeal  are  irregular  branches  (rami  meningei)  given  off  from  the  occipital 
55  c 
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behind  the  mastoid  process.  They  enter  the  posterior  fossa  of  the  skull  through  the  anterior 
condyloid  foramen,  or  through  the  foramen  lacerum  posterius ;  they  supply  the  upper  i)art 
of  the  internal  jugular  vein,  the  lateral  sinus,  and  the  dura  mater  in  the  posterior  fossa  of 
the  skull,  and  they  anastomose  with  the  middle  meningeal  and  with  meningeal  branches 
of  the  ascending  pharyngeal  artery. 

(c)  The  mastoid,  a  small  and  irregular  branch  (ramus  mastoidcus)  given  off  from  the 
occipital  behind  the  mastoid  process.  It  enters  the  posterior  fossa  of  the  skull  through 
the  mastoid  foramen,  supplies  the  dura  mater,  and  anastomoses  with  branches  of  the 
middle  meningeal  artery. 

{d)  The  princeps  cerviciB  (ramus  desceudens)  is  a  large  branch  given  off  from  the 
occipital  upon  the  surface  of  the  superior  oblique.  It  passes  inwards  to  the  outer  border 
of  the  complexus,  where  it  divides  into  superficial  and  deep  branches.  The  superficial 
branch  runs  over  the  complexus,  between  it  and  the  trapezius,  and  anastomoses  with  the 
superficial  cervical  arter}^  The  deep  branch  runs  between  the  complexus  and  the  under- 
lying semispinalis  colli,  and  anastomoses  with  branches  of  the  vertebral  and  profunda 
cervicis  arteries. 

(e)  The  auriculax  (ramus  auricularis)  is  an  inconstant  branch  which,  as  a  rule,  is 
only  given  off  from  the  occipital  when  the  posterior  aiiricular  artery  is  absent.  It 
ramifies  over  the  mastoid  process,  and  supplies  the  inner  surface  of  the  pinna. 

(/)  The  tenniiial  branches  (rami  occipitales)  are  internal  and  external.  They  ramify 
in  the  superficial  fascia  of  the  posterior  part  of  the  scalp,  anastomosing  with  the  posterior 
auricular  and  superficial  tcmponil  arteries.  They  are  both  accompanied  by  branches  of 
the  great  occipital  nerve,  and  the  internal  branch  gives  off  a  parietal  twig,  which  passes 
into  the  skull  through  the  parietal  foramen  to  supply  the  walls  of  the  superior  longitudinal 
sinus,  and  to  anastomose  with  the  middle  meningeal  artery. 

(5)  Posterior  Auricular  Artery  (a.  auricularis  posterior,  Figs.  622,  623). — The 
posterior  auricular  artery  springs  from  the  back  of  the  external  carotid,  im- 
mediately above  the  posterior  belly  of  the  digastric  muscle,  and  terminates  between 
the  mastoid  process  and  the  back  of  the  pinna  by  dividing  into  mastoid  and 
auricular  branches. 

Course  and  Relations. — Commencing  in  the  posterior  part  of  the  submaxil- 
lary triangle,  it  runs  upwards  and  backwards,  under  cover  of  the  posterior  part  of 
the  parotid  gland,  to  the  interval  between  the  mastoid  process  and  the  external 
auditory  meatus.  It  is  accompanied  in  the  terminal  part  of  its  course  by  the 
posterior  auricular  branch  of  the  facial  nerve. 

Branches. — (a)  Moscnlar  branches  are  given  to  the  stenio-mastoid,  the  digastric, 
and  the  styloid  group  of  muscles. 

(b)  Parotid  branches  pass  to  the  lower  and  posterior  part  of  the  parotid  gland. 

(c)  A  stylo-mastoid  branch  (a.  stylomastoidea)  is  given  off  at  the  lower  border  of  the 
external  auditory  meatus.  It  runs  upwards  by  the  side  of  the  facial  nerve,  entens  the 
stylo-mastoid  foramen,  and  ascends,  in  the  aqueduct  of  Fallopius,  to  the  upper  part  of  the 
inner  wall  of  the  tympanum  where  it  terminates  by  anastomosing  with  the  petnxial 
branch  of  the  middle  meningeal  artery.  It  supplies  branches  to  the  external  auditory 
meatus,  the  mastoid  cells,  the  vestibule,  and  semicircular  canals,  the  stapedius  muscle,  and 
the  tympanic  cavity  (a.  tympanica  posterior).  One  of  the  latter  branches,  anastomosing 
with  the  tympanic  branch  of  the  internal  maxillary,  forms,  in  young  subjects,  a  vascular 
circle  round  the  membrana  tympani ;  other  branches  anastomose  with  tympanic  branches 
from  the  internal  carotid  and  the  ascending  pharyngeal  arteries,  and  with  the  auditory 
branch  of  the  basilar. 

(d)  The  auricular,  or  anterior  terminal  branch  (ramus  auricularis),  ascends  beneath 
the  retrahens  aurem  muscle.  It  gives  branches  to  the  scalp  in  the  posterior  part  of  the 
temporal  region,  which  anastomose  with  the  superficial  temporal  and  occipital  arteries, 
and  to  the  pinna.  The  latter  branches  supply  both  surfaces  of  the  piima,  piercing  or 
turning  round  the  margins  of  the  cartilage  to  gain  the  outer  surface,  and  they  anasto- 
mose with  the  auricular  branches  of  the  superficial  temporal  artery. 

(e)  The  mastoid,  or  posterior  terminal  branch  (ramus  occipitalis),  runs  upwards  and 
backwards  along  the  insertion  of  the  stemo- mastoid  muscle.  It  supplies  the  stemo- 
mastoid,  the  occipito- frontalis,  and  the  skin,  and  it  anastomoses  with  the  occipital 
artery. 

(6)  Ascending  Pharjmgeal  Artery  (a.  pharyngea  ascendens,  Fig.  624). — Thi> 
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arises  from  the  inner  surface  of  the  lower  part  of  the  external  carotid,  and  terminates 
in  the  wall  of  the  pharynx  and  in  the  soft  palate. 

Coarse. — Commencing  in  the  carotid  triangle,  usually  as  the  first  or  second 
branch  of  the  external  carotid,  it  ascends  on  the  wall  of  the  pharynx  to  the  apex 
of  the  petrous  portion  of  the  temporal  bone. 

Relations. — Internally  it  is  in  relation  with  the  constrictor  muscles  of  the  pharynx. 
Behind  it  are  the  transverse  processes  of  the  cervical  vertebrsB,  the  sympathetic  cord, 
and  the  rectus  capitis  anticus  major.  Externally  it  is  in  relation  with  the  iutemal 
carotid  artery,  and  it  is  crossed  by  the  stylo-pharyngeus  muscle,  the  glosso-pharyngeal 
nerve,  and  the  pliaryngeal  branch  of  the  vagus. 

Branches. — The  branches  of  this  artery  are  very  irregular  and  inconstant,  but  the 
following  have  received  names  : — 

(a)  Pharyngeal  BrancheB  (rami  pharyngei). — Small  twigs  which  ramify  on  the  walls 
of  the  pharynx  and  supply  the  middle  and  superior  constrictor  muscles,  the  tonsil,  and 
the  lower  part  of  the  Eustachian  tube.  They  anastomose  with  branches  of  the  superior 
thyroid,  lingual,  and  facial  arteries. 

(6)  Prevertebral. — Small  branches  distributed  to  the  prevertebral  muscles  and  fascia, 
the  deep  cervical  glands,  and  the  large  nerve  trunks.  They  anastomose  with  the  ascending 
cervical  and  vertebral  arteries. 

(c)  Meningeal  (a.  meningea  posterior),  one  or  more  small  branches  which  enter  the 
cranium  by  the  anterior  condyloid,  the  posterior  lacerate,  or  the  middle  lacerate  foramen, 
and  supply  the  dura  mater.  They  anastomose  with  branches  of  the  middle  meningeal  and 
vertebral  arteries. 

{(t)  Tympanic  (a.  tympanica  inferior),  a  small  artery  which  accompanies  the  tympanic 
branch  of  the  glosso-pharyngeal  nerve  to  the  tympanic  cavity,  where  it  anastomoses  with 
the  other  tympanic  arteries. 

(e)  Palatine. — A  very  variable  artery  which  sometimes  replaces  the  ascending  palatine 
branch  of  the  facial  artery.  When  present  it  springs  from  the  upper  part  of  the  ascend- 
ing pharyngeal  artery,  pierces  the  pharyngeal  aponeurosis  above  the  upper  border  of 
the  superior  constrictor  muscle,  and  descends  into  the  soft  palate  with  the  levator  palati 
muscle.  It  supplies  the  mucous  membrane  of  the  supero-lateral  part  of  the  pharyngeal 
wall  and  the  tissues  of  the  soft  palate,  and  it  anastomoses  with  the  palatine  branches  of 
the  internal  maxillary,  the  facial,  and  the  lingual  arteries, 

(7)  Superficial  Temporal  Artery  (a.  temporalis  superlicialis,  Fig.  622). — This 
artery,  one  of  the  terminal  branches  of  the  external  carotid,  commences  in  the 
upper  part  of  the  parotid  gland,  behind  the  neck  of  the  mandible,  and  terminates 
in  the  scalp,  from  one  to  two  inches  (25  to  50  mm.)  above  the  zygoma,  by  dividing 
into  an  anterior  and  a  posterior  terminal  branch. 

Course. — The  artery  ascends  over  the  posterior  root  of  the  zygoma,  and  passes 
into  the  superficial  fascia  of  the  temporal  region.  It  is  accompanied  by  the 
auriculo-temporal  nerve  and  by  the  superficial  temporal  vein  which  usually  lies 
posterior  to  it.  As  it  crosses  the  zygoma  it  lies  immediately  beneath  the  ekin,  and 
it  may  be  easily  compressed  against  the  subjacent  bone. 
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Branches. — (a)  Parotid,  small  branches  (rami  parotidei)  to  the  upper  part  of  the 
parotid  gland, . 

'b)  Articnlar,  to  the  temporo-mandibular  articulation. 

jc)  Auricular. — Small  branches  (rami  auriculares  anteriores)  to  the  outer  surface  of 
the  pinna  and  to  the  external  auditory  meatus.  They  anastomose  on  the  surface  of  the 
pinna  with  branches  of  the  posterior  auricular  artery,  and  in  the  external  meatus  with 
branches  of  the  internal  maxillary  artery. 

(d)  TransTerse  Facial  (a.  transversa  faciei). — A  branch  of  moderate  size  which  rises  in 
the  substance  of  the  parotid  gland.  It  emerges  from  the  upper  part  of  the  anterior 
border  of  the  gland,  runs  forwards  across  the  masseter,  below  the  zygoma  and  above 
Stenson's  duct,  accompanied  by  the  infra-orbital  branches  of  the  facial  nerve  which  may 
lie  either  above  or  below  it.  It  is  distributed  to  the  parotid  gland,  the  masseter,  Stenson's 
duct,  aud  the  skin,  and  it  terminates  in  branches  which  anastomose  with  the  infraorbital 
and  buccal  branches  of  the  internal  maxillary  artery,  and  with  the  buccal  and  masseteric 
branches  of  the  facial  artery. 

(e)  Middle  Temporal  (a.  temporalis  media). — A  branch  which  usually  springs  from  the 
superficial  temporal  in  the  parotid  gland.     It  crosses  the  zygoma,  pierces  the  temporal 
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fascia  and  the  temporal  muHcIe,  and  terminates  in  the  temporal  foeaa  by  anastomosiDg 
with  the  deep  temporal  branches  of  the  Jutemal  maiillaiy  artery. 

(/)  Orbital  (a.  zygomatico-orbi talis). — This  branch  may  spring  directly  from  the 
aupcrRcial  temporal,  but  it  is  frequently  a  branch  of  the  middle  temporal.  It  rui» 
forwards  above  the  zygoma  between  the  two  layers  of  the  temporal  fascia.  It  supplies 
branches  to  the  orbicularis  palebrarum,  and  auastomoses,  through  the  malar  bone  and 
round  the  outer  margin  of  the  orbit,  with  the  lachrymal  and  palpebral  branches  of  the 
ophthalmic  artery. 

((/)  The  anterior  termiiial  braacli  (ramus  frontalis)  runs  forwards  and  upwards,  iu  ■ 
t«rtuous  course,  through  the  superficial  fascia  of  the  scalp  towards  the  frontal  eminence, 
lying  ut  first  upon  the  temporal  fascia,  and  then  upon  the  epicranial  aponeunwis.  It 
supplies  the  frontalis  and  the  orbicularis  palpebrarum,  and  anastomoses  with  the  lachrymal 
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and  supraorbital  branches  of  the  ophthalmic  artery,  with  the  posterior  tenniual  branch  of 
the  superficial  tcraponil,  and  with  its  fellow  of  the  opposite  side. 

(h)  The  posterior  terminal  brandi  (ramus  parietalis),  less  tortuous  than  the  auterinr. 
runs  upwards  and  backwards  in  the  superficial  fascia  of  the  scalp.  It  auastomosts, 
anteriorly,  with  the  anterior  termiiTal  branch,  posteriorly  with  the  posterior  auricular 
&nd  occipital  arteries,  and,  across  the  middle  line,  with  its  fellow  of  the  opposite  side.  Ii 
supplies  the  skin  and  fascia,  and  the  attraheua  and  attolleus  aurem  muscles. 

(8)  Internal  Hazillaxy  Artery  (<i.  maxilkris  iuterna). — The  internal  luaxtlliiry 
artery  eoiiimecccB  in  the  parotid  gland  behind  the  neck  of  the  lower  jaw,  ami 
terminates  in  the  sphcDu- maxillary  fossa. 

Course  and  Relations. — Although  the  internal  maxillary  artery  is  only  a 
short  triiok  it  ha.*)  many  important  relations,  in  the  consideration  of  which  it  is 
convenient  to  arbitrarily  divide  the  vessel  into  three  parts.  The  flnt  part  extends 
from  the  back  of  the  neck  of  the  mandible  forwards  into  the  zygomatic  fossa  as 
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far  as  the  lower  border  of  the  external  pterygoid  muscle.  It  lies  between  the 
spheno-mandibular  ligament  and  the  neck  of  the  jaw,  along  with  the  auriculo- 
temporal nerve  and  the  internal  maxillary  vein.  The  second  part  is  in  the  zygo- 
matic fossa,  and  ascends  upwards  and  forwards.  It  may  lie  superficial  to,  or  under 
cover  of,  the  lower  head  of  the  external  pterygoid  muscle.  In  the  former  case  it 
is  situated  between  the  temporal  and  external  pterygoid  muscles,  and  in  the  latter 
between  the  external  pterygoid  muscle  and  the  bmnches  of  the  third  division  of 
the  fifth  nerve.  The  third  part  passes  between  the  upper  and  the  lower  heads 
of  the  external  pterygoid,  through  the  pterygo-maxillary  fissure  and  into  the 
spheno-maxillary  fossa. 

Branches. — From  the  first  part. — (a)  Beep  auricular  (a.  auricularis  profunda),  a 
small  branch  which  rises  in  the  parotid  gland  and  passes  upwards  to  enter  the  external 
auditory  meatus.  It  supplies  the  temporo-mandibular  join^  the  parotid  gland,  and  the 
external  meatus,  and  anastomoses  with  branches  of  the  superficial  temporal  and  posterior 
auricular  arteries 

(b)  The  tympanic  (a.  tympanica  anterior),  a  variable  and  small  branch  which  com- 
mences in  the  parotid  gland.  It  runs  upwards  and  backwards,  traverses  the  Glasserian 
fissure,  and  enters  the  tympanum  through  its  outer  wall.  In  the  tympanic  cavity  it 
anastomoses  with  tympanic  branches  from  the  internal  carotid  and  the  ascending 
pharyngeal  arteries,  and  with  the  stylo-mastoid  branch  of  the  posterior  auricular,  forming 
with  the  latter,  in  young  subjects,  a  circular  anastomosis  round  the  tympanic  membrane. 

(c)  Middle  Meningeal  (a.  meningea  media). — The  largest  branch  of  the  internal 
maxillary.  It  ascends  between  the  external  pterygoid  muscle  and  the  spheno-mandibular 
ligament,  and  passes  between  the  two  roots  of  the  auriculo-temporal  nerve  and  through 
the  foramen  spinosum,  to  enter  the  middle  fossa  of  the  cranial  cavity.  Before  it  enters 
the  skull  it  lies  behind  the  third  division  of  the  fifth  nerve,  and  is  accompanied  by 
two  venee  comites  which  also  pass  through  the  foramen  spinosum.  In  the  middle  cranial 
fossa  it  passes  forward,  and  upwards  for  a  short  distance,  in  a  groove  on  the  great  wing  of 
the  sphenoid,  between  the  dura  mater  and  the  bone,  and  divides  into  anterior  and 
posterior  terminal  branches. 

Branches.— (i.)  Petrosal  ^ramus  petroBUs  superficialiB). — ^A  small  branch  which  arifies  from  the 
middle  meningeal  soon  after  it  enters  the  cranium.  It  passes  through  the  hiatus  Fallopii  and 
anastomoees  with  the  stylo-mastoid  branch  of  the  posterior  auricular  artery ;  it  also  senas  some 
small  branches  into  the  tympanic  cavity 

(ii.)  Gasserian. — Minute  branches  which  supply  the  Gasserian  ganglion  and  the  roots  of  the 
fifth  cranial  nerve. 

(iii.)  Tympanic  (a.  tympanica  superior). — ^A  small  twig  which  reaches  the  tympanic  cavity 
through  the  canal  for  the  tensor  tympani  muscle,  or  through  the  petro-squamous  suture. 

(iv.)  Orbital — An  anastomosing  branch  which  occasionally  arises  from  the  anterior  terminal 
branch.  It  passes  through  the  foramen  lacerum  anterius  into  the  orbit,  and  anastomoses  with  the 
lachrymal  artery. 

(v.)  Anterior  terminal,  the  larger  of  the  two  terminal  branches,  passes  upwards  along  the 
great  wing  of  the  sphenoid  to  the  antero-inferior  angle  of  the  parietal  bone,  where  it  is  sometimes 
encloeed  in  a  distinct  bony  canal ;  it  is  continued  upwards  a  short  distance  behind  the  anterior 
border  of  the  parietal  bone  almost  to  the  vertex  of  the  skull,  sending  branches  forwards  into  the 
anterior,  and  oackwaids  towards  the  posterior  cranial  fossa. 

(vi.)  The  posterior  terminal  brancn  passes  backwards  from  the  creat  wing  of  the  sphenoid  to 
the  squamous  part  of  the  temporal  bone,  beyond  which  it  ascends  to  the  middle  of  the  inner 
surface  of  the  parietal  bone.  It  sends  branches  upwards  to  the  vertex,  and  backwards  towards 
the  posterior  cranial  fossa. 

By  means  of  its  various  branches  the  middle  meningeal  artery  anastomoses  with  its  fellow  of 
the  opposite  side,  with  meningeal  branches  from  the  occipital,  ascending  pharyngeal,  ophtJialmic, 
and  lachrymal  arteries ;  also  with  the  stylo-mastoid  branch  of  the  posterior  auricular,  the  small 
meningeal  artery,  with  the  deep  temporal  arteries  through  the  substance  of  the  temporal  bone, 
and  with  its  fellow  of  the  opposite  side. 

(d)  A  small  meningeal  branch  (ramus  meningeus  accessorius)  may  arise  either 
directly  from  the  first  part  of  the  internal  maxillary  or  from  its  middle  meningeal  branch. 
It  passes  upwards,  on  the  inner  side  of  the  external  pterygoid  muscle,  enters  the  middle 
fossa  of  the  skull  through  the  foramen  ovale,  supplies  the  Gasserian  ganglion  and  the 
dura  mater,  and  terminates  by  anastomosing  with  branches  of  the  middle  meningeal  and 
internal  carotid  arteries. 

(e)  The  inferior  dental  (a.  alveolaris  inferior)  is  a  branch  of  moderate  size  which 
passes  downwards  between  the  spheno-mandibular  ligament  and  the  mandible  to  the 
mandibular  foramen.     It  is  accompanied  by  the  inferior  dental  nerve  which  hes  in  front. 


812  THE  VASCULAR  SYSTEM. 

After  entering  the  foramen  it  descends  in  the  mandibular  canal,  and  terminates  at  the 
mental  foramen  by  dividing  into  mental  and  incisive  branches. 

Branches. — ^Before  it  enters  the  mandibular  foramen  it  gives  off  two  branches. 

(i)  The  lingual,  a  small  twig  to  the  buccal  mucous  membrane  which  accompanies  the  Ungual 
nerve,  (ii.)  The  mylo-hyoid  (ramus  mylohoideus),  a  small  branch  which  is  given  off  immediately 
above  the  mandibular  forameiL  It  pierces  the  spheno-mandibular  ligament,  and  descends  in  the 
mylo-hyoid  groove,  in  company  with  the  mylo-nyoid  nerve,  to  the  floor  of  the  mouth,  where  it 
anastomoses,  on  the  superficial  surface  of  the  mylo-hyoid  muscle,  with  the  submental  branch  of 
the  facial  artery. 

In  the  mandibular  canal  the  following  branches  are  given  off : — 

(i)  Molar  branches  to  the  molar  teeth,  (ii.)  Bicuspid  Branches  to  the  bicus])id  teeth.  (iiL)  The 
incisive  terminal  branch,  which  supplies  the  inciaor  teeth  and  anastomoses  with  its  fellow  of  the 
opposite  side,  (iv.)  The  mental  terminal  branch  (a.  mentalis),  which  passes  through  the  mental 
foramen,  emerges  beneath  the  depressor  labii  inferioris,  and  anastomoses  with  its  fellow  of  the 
opposite  side,  with  the  inferior  coronary,  the  inferior  labial,  and  with  the  submental  arteries. 

From  the  tecand  part. — (a)  The  masseteric  (a.  masseterica),  a  small  branch  which 
passes  directly  outwards,  through  the  sigmoid  notch,  to  the  deep  surface  of  the  masseter 
muscle.  It  anastomoses  in  the  substance  of  the  muscle  with  branches  of  the  transverse 
facial  and  with  the  masseteric  branches  of  the  facial  artery. 

(6)  Deep  TemporaL — Two  in  number,  anterior  (a.  temporalis  profunda  anterior) 
and  posterior  (a.  temporalis  profunda  posterior).  They  ascend  between  the  temporal 
muscle  and  the  squamous  portion  of  tlie  temporal  bone,  supplying  the  muscle  and 
anastomosing  with  the  temporal  and  lachrymal  arteries,  and,  through  the  substance  of 
the  temporal  bone,  with  the  middle  meningeal  artery. 

(c)  Small  pterygoid  branches  (rami  pterygoidei)  supply  the  internal  and  external 
pterygoid  muscles. 

id)  The  buccal  (a.  buccinatoria),  a  long,  slender  branch  which  passes  obliquely  forwards 
and  downwards  with  the  long  buccal  nerve.  It  supplies  the  buccinator  muscle,  the  skin 
and  mucous  membrane  of  the  cheek,  and  anastomoses  with  the  buccal  branch  of  the 
facial  artery. 

From  the  third  part. — (a)  A  posterior  superior  dental  branch  (a.  alveolaris  superior 
posterior)  descends  in  the  zygomatic  fossa,  on  the  posterior  surface  of  the  superior 
maxilla,  and  ends  in  branches  which  supply  the  molar  and  bicuspid  teeth  and  the  mucous 
membrane  of  the  antrum,  they  also  give  twigs  to  the  gums  and  to  the  buccinator  muscle. 

(6)  An  Infira-orbital  l^anch  (a.  infra-orbitalis)  commences  in  the  spheno-maxillary  fossa. 
It  enters  the  orbit  through  the  spheno-maxillary  fissure,  and  runs  forwards  in  the  infnt- 
orbital  groove  and  canal  to  the  infra-orbital  foramen,  through  which  it  passes  to  emerge  on 
the  face  beneath  the  levator  labii  superioris.  Whilst  in  the  infra-orbital  groove  it  give^ 
branches  to  the  inferior  rectus,  the  inferior  oblique  and  the  lachrymal  gland.  In  the  infra- 
orbital canal  it  gives  small  twigs  to  the  incisor  and  canine  teeth  (aa.  alveolares  superioreu 
anteriores)  and  to  the  antrum.  In  the  face  it  sends  branches  upwards  to  the  lower 
eyelid,  to  the  lachrymal  sac,  and  to  the  nasal  process  of  the  superior  maxilla,  which 
anastomose  with  branches  of  the  ophthalmic  and  facial  arteries ;  other  branches  run 
downwards  to  the  upper  lip,  where  they  anastomose  with  the  superior  coronary  arten- ; 
lastly,  some  branches  run  outwards  into  the  cheek  to  unite  with  the  transverse  facial  and 
the  buccal  arteries. 

(c)  The  posterior  or  descending  palatine  (a.  palatina  descendens)  runs  downwards 
through  the  spheno-maxillary  fossa,  passes  through  the  posterior  palatine  canal,  and  reaches 
the  mucous  membrane  of  the  roof  of  the  mouth,  where  it  runs  forwards,  internal  to  the 
alveolar  process,  to  terminate  in  a  small  branch  which  ascends  through  the  anterior 
palatine  fossa  and  Steusen's  canal  and  anastomoses  with  the  sphcno-palatine  branch  of 
the  internal  maxillary  artery.  As  it  descends  it  gives  off*  several  small  twigs  which  pass 
through  the  accessory  palatine  canals  to  supply  the  soft  palate,  and  to  anastomose  with 
the  ascending  palatine  and  tonsillar  branches  of  the  facial  and  with  the  ascending 
pharyngeal  artery.  In  its  course  forwards  in  the  roof  of  the  mouth  it  supplies  the  gums 
and  the  mucous  membrane  of  the  hard  palate,  and  also  the  palate  and  superior  maxillair 
bones. 

{d)  The  Vidian  (a.  canalis  pterygoidei)  is  a  long,  slender  branch  which  runs  back- 
wards through  the  Vidian  canal  with  the  Vidian  nerve.  It  supplies  branches  to  the 
upi^er  part  of  the  pharynx,  to  the  levator  and  tensor  palati  muscles,  and  to  the  Eustachian 
tube.  One  of  the  latter  branches  passes  along  the  wall  of  the  Eustachian  tube  to  the 
tympanic  cavity,  where  it  anastomoses  with  the  other  tympanic  arteries. 

(e)  The  pterygo-palatine  is  a  small  artery  which  runs  backwards,  with  the  pharyngeal 
branch  of  MeckeFs  ganglion,  to  the  roof  of  the  pharynx.     It  supplies  the  upper  and  back 
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port  of  the  roof  of  the  nose,  the  roof  of  the  ph&iyoi,  the  sphenoidal  sinus,  and  the  lower 
part  of  the  EiistAchian  tube,  aikd  anastomoses  with  the  Vidian  branch  of  the  internal 
carotid. 

(/)  The  spheno-palatine  branch  (a.  Hpheiio-palatiua)  springs  from  the  termination  of 
the  internal  maxillary  artery.  It  passes  inwanls  through  the  spheno-palatine  foramen 
into  the  nasal  cavity,  where  it  divides  into  many  branches.  One  of  these,  the  internal 
nasal  or  luso-palatiiie,  which  is  sometimes  looked  upon  as  the  continuation  of  the  artery, 
crosses  the  hack  part  of  the  roof  of  the  nose,  and  descends  iu  a  groove  on  the  vomer  to 
the  incisive  foramen,  where  it  anastomoses  with  the  termination  of  the  posterior  palatine 
artery  and  with  the  septal  branch  of  the  superior  coronary.  The  outer  or  external  nasal 
branches  of  the  spheno-palatine  artery  supply  the  greater  part  of  the  outer  wall  of  the 
nasal  fossa  and  the  cavity  of  the  antrum,  anastomosing  with  branches  of  the  infraorbital, 
ethmoidal,  and  lateral  nasal  arteries.  Branches  are  also  distributed  to  the  ethmoidal  cells, 
to  the  sphenoidal  sinus,  and  to  the  upper  part  of  the  pharynx. 

THE  INTERNAL  CAROTID  ARTERY. 

The  internal  carotid  artery  (a.  carotiB  intema,  Figs.  622,(624,  and  627)  com- 
mences at  the  termiaation  of  the  common  carotid,  opposite  the  upper  border  of  the 
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thyroid  cartilage,  and  terminates  in  the  middle  fossa  of  the  skull,  close  to  the 
commencement  of  the  fissure  of  Sylvius,  where  it  divides  into  the  middle  and 
anterior  cerebral  arteries. 

CouTBe.— It  passes  tlirough  the  carotid  and  submaxillary  triangles,  traverses 
the  carotid  canal  of  the  temporal  bone,  crosses  the  upper  part  of  the  foramen  lacerum 
medium,  and  runs  in  the  outer  wall  of  the  cavernons  sinus  in  the  middle  fossa  of  the 
skull 

At  its  origin  it  lies  behind  and  to  the  outer  side  of  the  external  carotid,  but  as 
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it  ascends  internal  to  the  posterior  belly  of  the  digastric  and  the  stylo-hyoid  it  gets 
to  the  inner  side  of  that  vessel.  After  entering  the  submaxillary  triangle  it  ascends, 
in  relation  with  the  posterior  surface  of  the  parotid  gland,  to  the  carotid  canal  in 
the  temporal  bone,  through  which  it  passes  to  the  apex  of  the  petrous  portion  of 
the  temporal  bone,  where  it  turns  upwards,  through  the  upper  part  of  the  foramen 
laceriim  medium,  into  the  middle  cranial  fossa.  It  then  runs  forwards  in  the  outer 
wall  of  the  cavernous  sinus  to  the  lower  root  of  the  small  wing  of  the  sphenoid, 
there  it  turns  upwards  and  then  backwards  and  outwards  to  its  termination. 

Relations. — The  relations  of  the  various  parts  of  the  artery  require  separate 
consideration. 

In  the  Neck. — Posterior, — The  rectus  capitis  anticus  major,  the  prevertebral  fascia,  and 
the  sympathetic  cord,  separate  it  from  the  transverse  processes  of  the  cervical  vertebrse; 
and  somewhat  to  its  outer  side  are  the  internal  jugular  vein  and  the  vagus  nerve.  The 
spinal  accessory  and  the  glosso-pharyngeal  nerves  are  also  behind  and  to  the  outer  side  of 
the  artery  for  a  short  distance  in  the  upper  part  of  the  neck,  and  they  intervene  between 
it  and  the  internal  jugular  vein.  Internal  or  deep  to  the  internal  carotid  is  the  external 
carotid  artery  for  a  short  distance  below,  and  afterwards  the  wall  of  the  pharynx,  the 
ascending  pharyngeal  artery,  the  pharyngeal  plexus  of  vehis,  and  the  external  and  internal 
laryngeal  nerves.  Just  before  it  enters  the  temporal  bone  the  levator  palati  muscle  is  to 
its  inner  side.  External  or  superficial  to  it  are  the  sterno-mastoid,  skin,  and  fascia,  and 
it  is  crossed  beneath  the  stenio-mastoid  from  below  upwards  by  the  hypoglossal  nerve, 
the  occipital  artery,  and  the  posterior  auricular  artery.  It  is  also  crossed  more  super- 
ficially by  the  digastric  and  stylo-hyoid  muscles,  and  in  the  upper  part  of  its  extent  it  is 
covered  by  the  posterior  part  of  the  parotid  gland.  Passing  obliquely  across  its  anterior 
and  outer  surface,  and  separating  it  from  the  external  carotid  artery,  are  the  following 
structures,  viz. :  the  stylo-pharyngeus,  the  tip  of  the  styloid  process  or  the  stj'lo-glossus 
muscle,  and  the  stylo-hyoid  ligament,  the  glosso-pharyngeal  nerve,  the  pharyngeal  branch 
of  the  vagus,  and  some  sympathetic  twigs. 

In  the  Carotid  Canal. — The  artery,  as  it  passes  upwards  and  inwards,  is  in  front  of  and 
below  the  cochlea  and  the  tympanum ;  behind  and  internal  to  the  canals  for  the  Eustachian 
tube  and  the  tensor  tympani ;  and  below  the  Gasserian  ganglion.  The  thin  lamina  of  bone 
which  separates  it  from  the  tympanum  is  frequently  perforated,  and  that  between  it  and 
the  Gasserian  ganglion  is  not  infrequently  absent.  In  its  course  through  the  canal  it  is 
accompanied  by  small  veins  and  nerves.  The  veins  are  tributaries  from  the  tympanum, 
which  communicate  above  with  the  cavernous  sinus  and  below  with  the  internal  jugular 
vein.  The  nerves  are  the  upward  continuations  of  the  sympathetic  cord  ;  they  form  two 
plexuses — one  on  the  outer  side  of  the  artery,  the  carotid  plexus,  and  one  on  the  inner 
side,  the  cavernous  plexus. 

As  it  enters  the  cavity  of  the  cranium  the  internal  carotid  artery  pierces  the  external 
layer  of  the  dura  mater  and  passes  between  the  lingula  and  the  sixth  cranial  nerv*- 
externally,  and  the  posterior  petrosal  process  of  the  body  of  the  sphenoid  internally. 

In  the  Cranial  Cavity. — The  artery  runs  forwards  in  the  outer  wall  of  the  cavernous  sinus 
in  relation  with  the  third,  fourth,  the  ophthalmic  division  of  the  fifth,  and  the  sixth  cranial 
nerves  externally,  and  with  the  endothelial  wall  of  the  sinus  internally.  When  it  reaches 
the  lower  root  of  the  small  wing  of  the  sphenoid  it  turns  upwards  to  the  inner  side  of 
the  anterior  clinoid  process,  pierces  the  inner  layer  of  the  dura  mater,  and  comes  into 
close  relation  with  the  under  surface  of  the  optic  nerve  immediately  behind  the  optic 
foramen.  It  then  turns  abruptly  backwards  beneath  the  optic  nerve,  and  on  the  inner  sidf 
of  the  anterior  clinoid  process  which  it  frequently  grooves ;  inclining  outwards,  it  runs 
between  the  second  and  third  nerves,  and  beneath  the  anterior  perforated  space,  to  the 
inner  end  of  the  stem  of  the  Sylvian  fissure,  where  it  turns  upwards,  at  some  distance 
from  the  outer  side  of  the  optic  chiasma,  and,  after  piercing  the  arachnoid,  divides  into 
its  two  terminal  branches,  the  anterior  and  middle  cerebml  arteries. 

Branches  of  the  Internal  Carotid  Artery. 

Branches  are  given  off  from  the  internal  carotid  in  the  temporal  bone  and  in 
the  cranium,  but,  as  a  rule,  no  branches  are  given  off  in  the  neck. 

In  the  Temporal  Bo?i€. — (1)  A  tympanic  branch  (ramus  carotico-tympanicus),  very 
small,  perforates  the  posterior  wall  of  the  carotid  canal,  and  anastomoses  in  the  tympanum 
with  the  stylomastoid  artery  and  with  the  tympanic  branches  of  the  internal  maxillary 
and  ascending  pharyngeal  arteries. 
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(2)  The  Vidiui  in  a  small  and  inconstant  branch  which  accompanies  the  great 
deep  petrosal  aerre  in  the  Vidian  canat ;  it  Hnastomoses  with  the  Vidian  branch  of  the 
internal  maxillary  artery. 

In  lh£  Cranium. — (1)  OavsTiionB,  small  branches  to  the  walls  of  the  cavernous  sinus 
and  to  the  third,  fourth,  fifth,  aud^ixth  nerves. 

(2)  Qasurian,  minute  twigs  which  supply  the  Gaaserian  ganglion, 

(3)  PltoituT  brandies  pass  to  the  pituitary  body. 

(1)  XeniiiKml  bnmchoB  ramify  in  the  dura  mater  of  the  middle  cranial  fossa,  anasto- 
mosing with  the  branches  of  the  middle  and  small  meningeal  arteries. 

(5)  Ophthalmic  Artery  (a.  ophthalmica.  Fig.  624).  —  This  artery  springs 
from  the  front  and  inner  side  of  the  internal  carotid  as  it  turns  upwards  on  the 
inner  side  of  the  anterior  clinoid  process.  It  passes  forwards  and  outwards,  beneath 
the  optic  nerve  and  through  the  optic  foramen  into  the  orbital  cavity.  In  the 
orbit  it  runs  forwards  for  a  short  distance  on  the  outer  side  of  the  optic  nerve,  and 
it  is  in  relation  externally  with  the  lenticular  gangUon  and  the  external  rectus 
muscle;  turning  upwards  and  inwards,  it  crosses  between  the  optic  nerve  and 


Flu.  Has. — DiSTBIBUTlON   <JF   THE   C2RBBBAL  A 
SUH FACES   0 

The  Ulterior  cerebral  uter;  u  coloureil  green,  the  midille  cerebral  artery  red,  and  the 
posterior  cerebral  artery  orange. 

the  superior  rectus  to  the  inner  wall  of  the  orbit,  where  it  turns  forwards  to 
terminate  at  the  inner  and  front  part  of  the  orbital  cavity  by  dividing  into  frontal 
and  nasal  branches.  It  is  accompanied  at  first  by  the  nasal  nerve,  and  in  the 
terminal  part  of  its  course  by  the  infra-trochlear  nerve. 

BraBchea. — The  branches  of  the  ophthalmic  artery  an;  niimeroufl.  (a)  The  posterior  ciUtury, 
usually  six  to  eight  in  number,  rim  forwards  at  the  aides  of  the  optio  nerve  ;  they  soon,  divide 
into  numerous  branches  which  pierce  the  back  part  of  the  sclerotic  coat ;  the  majority  terminate 
in  the  choroid  coat  of  the  eye  aa  the  «ftort  ciliary  arleriu  (aa.  ciliares  posti-riores  breves),  but  two 
of  larcer  siie^  the  long  ciliary  arteries  (aa.  ciliares  posteriores  longje),  run  forwards,  one  on  each 
side,  almoet  in  the  horizontal  plane  of  the  eyeball,  between  the  sclerotic  and  the  choroid  coala,  to 
the  base  of  the  iris,  where  they  divide.  The  resulting  branches  anastomose  together  and  form  a 
circle  at  the  outer  periphery  of  the  iris,  from  which  secondary  branches  run  inwards  and  anasto- 
mose t4^ether  in  a  second  circle  near  the  inner  ma^n  of  the  iris. 

(b)  The  CMitial  artery  of  the  retina  (a.  centralis  retinx)  arises  near  l«,  or  in  common  with,  the 
preceding  vessels.  It  pierces  the  inner  and  imder  side  of  tlie  optic  nerve,  about  half  an  inch  {12 
mm.)  behind  the  sclera,  and  runs  in  its  centre  to  the  retina,  where  it  breaks  up  into  terminal 
[■ranches. 

(e)  BMtirrent  (a.  meniiigea  anterior). — A  small  branch  which  passes  backwanls  through  the 
sphenoidal  fissure  into  the  middle  fossa  of  the  cranium,  where  it  anastomoses  with  the  middle  and 
small  meningeal  arteries,  and  with  the  meningeal  branches  of  the  internal  caroliil  ami  lachrymal 
arteries. 
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front  of  the  cms  cerebri,  aud  passing  above  the  third  nerve,  joins  the  posterior  cerebral 
artery  forming  part  of  the  circle  of  Willis.  It  gives  branches  to  the  optic  tract,  the  crus 
cerebri,  the  interpeduncular  region,  and  the  uncinate  convolution  of  the  brain.  The 
posterior  communicating  artery  varies  much  in  size;  it  may  be  small  on  one  or  both 
sides,  sometimes  it  is  very  lai^e  on  one  side ;  occasionally  it  replaces  the  posterior 
cerebral  artery,  and  it  sometimes  arises  from  the  middle  cerebral  artery. 

(7)  The  anterior  choroidal  (a.  choroidea)  is  a  small  branch,  which  also  rises  near  the 
termination  of  the  internal  carotid ;  it  passes  backwards  and  outwards,  between  the  crus 
cerebri  and  the  uncinate  convolution,  to  the  lower  and  front  part  of  the  choroidal  fissure 
which  it  enters,  and  it  terminates  in  the  choroidal  plexus  in  the  descending  comu  of  the 
lateral  ventricle.  It  supplies  the  optic  tract,  the  crus  cerebri,  the  uncinate  convolution, 
and  the  posterior  part  of  the  internal  capsule. 

(8)  Anterior  Cerebral  Artery  (a.  cerebri  anterior).  This  is  the  smaller 
of  the  two  terminal  branches  of  the  internal  carotid.  It  passes  forwards  and  in- 
wards, above  the  optic  chiasma  and  immediately  in  front  of  the  lamina  cinerea,  to 
the  commencement  of  the  great  longitudinal  fissure,  where  it  turns  round  the  genu 
of  the  corpus  caUosum,  and  runs  backwards  to  the  parietal  lobe  of  the  brain.  At 
the  commencement  of  the  great  longitudinal  fissure  it  ,is  closely  connected  with  its 
fellow  of  the  opposite  side  by  a  wide  but  short  anterior  communicating  artery  (a. 
communicans  anterior),  and  in  the  remainder  of  its  course  it  is  closely  accompanied 
by  its  fellow  artery  of  the  opposite  side. 

Branches. — Branches  of  all  the  cerebral  arteries  are  distributed  both  to  the  basal 
ganglionic  masses  of  the  brain  and  to  the  cerebral  cortex ;  they  therefore  form  two  dis- 
tinct groups — (a)  central  or  ganglionic  ;  (6)  cortical. 

The  branches  of  the  anterior  cerebral  include  : 

(a)  Central  or  ganglionic  lyraiiches. — The  antero-meslal  arteries,  a  small  group  of 
vessels,  constitute  the  central  branches  of  the  anterior  cerebral  artery ;  they  pass  upwards 
into  the  base  of  the  brain  in  front  of  the  optic  chiasma,  and  supply  the  rostrum  of 
the  corpus  callosum,  the  lamina  cinerea,  and  the  septum  lucidum. 

(6)  Cortical  branches,  —  (b^)  Internal  orbital,  one  or  more  small  branches  which 
supply  the  internal  orbital  convolution,  the  gyrus  rectus,  aud  the  olfactory  lobe. 

(6'^^)  Anterior  internal  frontal,  one  or  more  branches  which  are  distributed  to  the 
anterior  aud  lower  part  of  the  marginal  convolution,  and  to  the  anterior  portions  of  the 
superior  and  middle  frontal  convolutions. 

{jt^)  A  middle  internal  frontal  is  distributed  to  the  posterior  part  of  the  marginal 
convolution,  and  to  the  upper  portions  of  the  superior  and  ascending  frontal  and  ascend- 
ing parietal  convolutions. 

(6^)  The  posterior  internal  frontal  runs  backwards  to  the  quadrate  lobule.  It 
supplies  the  corpus  callosum,  the  quadrate  lobe,  and  the  upper  part  of  the  superior 
parietal  lobule. 

(9)  Middle  Cerebral  Artery  (a.  cerebri  media). — The  middle  cerebral  is  the 
larger  of  the  two  terminal  branches,  and  the  more  direct  continuation  of  the 
internal  carotid  artery.  It  passes  outwards  in  the  fissure  of  Sylvius  to  the  outer 
surface  of  the  island  of  Reil,  which  it  crosses;  and  divides,  in  the  posterior 
limiting  sulcus  of  Reil,  into  parieto-temporal  and  temporal  terminal  branches. 

Branches. — (a)  Central  or  ganglionic, — Numerous  and  very  variable  in  size.  These 
branches  are  given  off  at  the  base  of  the  brain,  in  the  region  of  the  anterior  perforated 
space.    Two  sets,  known  as  the  internal  and  the  external  striate  arteries,  are  distinguishable. 

(a^)  The  internal  striate  arteries  pass  upwards  through  the  two  inner  segments  of 
the  lenticular  nucleus  (globus  pallidus)  and  the  internal  capsule  to  terminate  in  the 
caudate  nucleus.  They  supply  the  anterior  portions  of  the  lenticular  and  caudate  nuclei 
and  of  the  internal  capsule. 

(a^)  The  external  striate  arteries  pass  upwards  through  the  outer  segment  (puta- 
men)  of  the  lenticular  nucleus,  or  between  it  and  the  external  capsule,  and  they  form  two 
sets :  an  anterior,  the  lenticulo-striate,  and  a  posterior,  the  lenticulo-optic  ;  both  sets 
traverse  the  lenticular  nucleus  and  the  internal  capsule,  but  the  lenticulo-striate  arteries 
terminate  in  the  caudate  nucleus,  and  the  lenticulo-optic  in  the  optic  thalamus.  One  of 
the  lenticulo-striate  arteries,  which  passes  in  the  first  instance  round  the  outer  side  of  the 
lenticular  nucleus,  and  afterwards  through  its  substance,  is  larger  than  its  companions ;  it 
frequently  rupture3,  and  is  known  as  the  artery  of  cerebral  haemorrhage. 
56 
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(6)  Cortical  branches  are  giveu  off  as  the  middle  cerebral  artery  passes  over  the  surface 
of  the  island  of  Reil  at  the  bottom  of  the  Sylvian  fissure,  as  follows : — 

(6^)  The  inferior  external  orbital  runs  forwards  and  outwards,  and  is  distributed  to 
the  outer  part  of  the  orbital  surface  of  the  frontal  lobe  and  to  the  inferior  frontal  con- 
volution. 

(b-)  The  ascending  frontal  branch  turns  round  the  upper  margin  of  the  SWviau 
fissure,  and  is  distributed  to  the  ascending  frontal  convolution  and  to  the  posterior  part 
of  the  middle  frontal  convolution. 

(6^)  Tlie  ascending  parietal  branch  emerges  from  the  Sylvian  fissure  and  passes 
upwards  along  the  posterior  border  of  the  ascending  parietal  convolution,  supplying  tliat 
convolution  and  the  superior  parietal  lobule. 

(6*^)  The  temporal  branch  passes  out  of  the  Sylvian  fissure,  and  turns  downwards  to 
supply  the  superior  and  middle  temporal  convolutions. 

{h^)  The  parieto-temporal  branch  continues  backwards,  in  the  direction  of  the  main 
stem,  and  emerges  from  the  posterior  end  of  the  Sylvian  fissure ;  it  supplies  the  inferior 
parietal  lobule,  the  external  occipital  convolutions,  and  the  posterior  part  of  the  tempera 
sphenoidal  lobe. 

Vertebral  Artery. 

The  vertebral  arteiy  (a.  vertebralis,  Figs.  624  and  627)  is  the  first  branch 
given  off  from  the  subclavian  trunk ;  it  arises  from  the  upper  and  back  part  of  the 
parent  stem,  opposite  the  interval  between  the  anterior  scalene  and  the  longus 
colli  muscles,  and  terminates  at  the  lower  border  of  the  pons  Varolii  by  uniting 
with  its  fellow  of  the  opposite  side  to  form  the  basilar  artery. 

Course  and  Relations. — The  vertebral  artery  is  divisible  into  four  parts. 

The  first  part  runs  upwards  and  backwards,  between  the  scalenus  auticus  and 
the  outer  border  of  the  longus  colli,  to  the  foramen  in  the  transverse  process  of  the 
sixth  cervical  vertebra.  It  is  surrounded  by  a  plexus  of  sympathetic  nerve  fibres, 
covered  anteriorly  by  the  vertebral  and  internal  jugular  veins,  and  crossed  in  froul 
by  the  inferior  thyroid  artery.  On  the  left  side  the  terminal  part  of  the  thoracic 
duct  also  passes  in  front  of  it.  The  second  part  runs  upwards  through  the  foramina 
in  the  transverse  processes  of  the  upper  six  cervical  vertebrae.  As  far  as  the 
second  cervical  vertebra  its  course  is  almost  vertical;  as  it  passes  through  the 
transverse  process  of  the  axis,  however,  it  is  directed  obliquely  upwards  and 
outwards  to  the  atlas.  It  is  surrounded  by  a  plexus  of  sympathetic  nerve  fibres, 
and  also  by  a  plexus  of  veins.  The  artery  lies  in  front  of  the  trunks  of  the 
cervical  nerves,  and  internal  to  the  intertransverse  muscles.  The  third  part  emei^s 
from  the  foramen  in  the  transverse  process  of  the  atlas,  between  the  anterior  primary 
division  of  the  sub-occipital  nerve  internally  and  the  rectus  capitis  lateralis  exter- 
nally, and  runs  almost  horizontally  backwards  and  inwards  round  the  outer  side 
and  back  of  the  superior  articular  process  of  the  atlas.  In  this  course  it  enters 
the  sub-occipital  triangle,  where  it  lies  in  the  groove  on  the  upper  surface  of  the 
posterior  arch  of  the  atlas  (sulcus  arterise  vertebralis).  It  is  separated  from  the 
bone  by  the  sub-occipital  nerve,  and  is  overlapped  superficially  by  the  adjaa^nt 
borders  of  the  superior  and  inferior  oblique  muscles.  Finally,  this  part  of  the 
artery  passes  beneath  the  obUque  ligament  of  the  atlas  and  enters  the  spinal  canal. 

The  fourth  part  pierces  the  spinal  dura  mater  and  runs  upwards  into  the  cranial 
cavity.  It  passes  between  the  roots  of  the  hypoglossal  nerve  above  and  the  first 
dentation  of  the  ligamentum  denticulatum  below, pierces  the  arachnoid,and, gradually 
incUning  inwards  in  front  of  the  meduUa,  reaches  the  lower  border  of  the  jwns 
VaroUi,  where  it  unites  with  its  fellow  of  the  opposite  side  to  form  the  basilar  art<*rj'. 

Branches. — From  the  first  part. — As  a  rule  there  are  only  a  few  small  muscular 
twigs  from  this  portion  of  the  artery. 

From  the  second  part. — (1)  Muscular  branches  which  vary  in  uumber  and  size.  They 
supply  the  deep  muscles  of  the  neck,  and  anastomose  with  the  profunda  cervicis,  the 
ascending  cervical,  and  the  occipital  arteries. 

(2)  Spinal  branches  (rami  spiualcs)  pass  from  the  inner  side  of  the  second  part  of  the 
vertebral  artery  through  the  intervertebral  foramina  into  the  spinal  canal,  where  they 
give  off  twigs  which  pass  along  the  roots  of  the  spinal  nerves  to  reinforce  the  anterior  and 
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posterior  spinal  arteries ;  they  supply  the  bodies  of  the  vertebrae  and  the  intervertebral 
dJBca,  and  they  anastomose  with  corresponding  arteries  above  and  below. 

From  the  third  part.- — (1)  UnBCular  branches  to  the  sub-oc«ipital  muscles. 

(2)  AnaBtomotic  bnnches  which  unite  with  the  princepe  cervicis  branch  of  the  occi- 
pital and  with  the  profunda  cervicis  artery. 

From  the  fonrth  part. — (1)  Henlngokl  (rami  meningei). — Que  or  two  small  branches 
given  ofT  before  the  vertebral  artery  pierces  the  ditra  mater.  They  ascend  into  the  pos- 
t«rior  fossa  of  the  skull,  where  they  anaetomose  with  meningeal  branches  of  the  occipital 
and  ascending  pharyngeal  arteries,  and  occasionally  witii  branches  of  the  middle  meningeal 

(2)  Poflt«rlor  Spinal'(a.  spinalis  posterior). ^The  posterior  spinal  branch  springs  from 
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the  vertebral  directly  after  it  has  pierced  the  dura  mater.  It  runs  downwards  upon  the 
Bide  of  the  medulla  and  the  spinal  cord  in  front  of  the  (xisterior  nerve  roots.  It  is  a 
slender  artery,  which  is  continued  to  the  lower  part  of  the  cord  by  means  of  rciuforce- 
menta  from  the  apiual  branches  of  the  vertebral  and  intercostal  arteries.  It  gives  off 
branches  to  the  jiia  mater,  which  form  more  or  less  regular  anastomoses  on  the  inner 
Hides  of  the  posterior  nerve  roots,  and  it  terminates  below  by  joining  the  anterior  spinal 
artery. 

(3)  The  antertor  spinal  bnmcli  (a.  Npinalis  anterior)  arises  near  the  termination  of  the 
vertebral.  It  runs  obliquely  downwards  and  inwards,  in  front  of  the  mtdulhi,  and  unites 
with  ita  fellow  of  the  opposite  side  to  form  a  single  anterior  spinal  artery,  which  descends 
in  front  of  the  anterior  fissure  of  the  spinal  cord,  and  is  continued  as  a  fine  vessel  along 
the  filum  terminale.     The  anterior  spinal  artery  is  reinforced  as  it  descends  by  anastomos. 
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ing  twigs  from  the  spinal  branches  of  the  vertebral,  intercostal,  and  lumbar  arteries.  It 
gives  off  branches  which  pierce  the  pia  mater  and  supply  the  cord,  and  it  unites  below 
with  the  posterior  spinal  arteries. 

(4)  The  posterior  inferior  cerebellar  (a.  cerebelli  inferior  posterior)  is  the  largest 
branch  of  the  vertebral  artery.  It  arises  a  short  distance  below  the  pons  and  passes 
obliquely  backwards  round  the  medulla,  at  first  between  the  roots  of  the  hypoglossal 
nerve,  and  then  between  the  root-s  of  the  spinal  accessory  and  vagus  nerves,  into  the 
vallecula  of  the  cerebellum,  where  it  divides  into  external  and  internal  terminal  branches. 

The  trunk  of  the  artery  gives  branches  to  the  medulla  and  to  the  choroid  plexus  of 
the  fourth  ventricle.  The  internal  terminal,  or  vermiform  branch,  runs  backwards 
between  the  inferior  vermiform  process  and  the  lateral  lobe  of  the  cerebellum ;  it  supplies 
principally  the  former  structure,  and  anastomoses  with  its  fellow  of  the  opposite  side.  The 
external  or  hemispheric  branch  passes  outwards  on  the  lower  surface  of  the  hemisphere 
and  anastomoses  with  the  superior  cerebellar  artery. 

Basilar  Artery  (a.  basilaris). — This  artery  is  formed  by  the  junction  of 
the  two  vertebral  arteries ;  it  commenceB  at  the  lower  border  and  terminates  at  the 
upper  border  of  the  pons  Varolii,  bifurcating  at  its  termination  into  the  two 
posterior  cerebral  arteries. 

Course  and  Relations. — It  runs  upwards  in  a  shallow  groove  on  the  front  of 
the  pons  Varolii,  behind  the  sphenoidal  section  of  the  basi-cranial  axis  and  between 
the  sixth  nerves. 

Branches. — (1)  The  transverse,  a  series  of  small  arteries  which  pass  round  the  sides 
of  the  pons,  supplying  it  (rami  ad  pontem),  the  middle  peduncles  of  the  cerebellum,  and 
the  roots  of  the  fifth  cranial  nerve. 

(2)  The  auditory  (a.  auditiva  interna),  a  pair  of  long  but  slender  branches  which 
accompany  the  eighth  cranial  nerve.  Each  enters  the  corresponding  internal  auditory 
meatus  with  the  seventh  and  eighth  nerves,  and,  passing  through  the  lamina  cribrosa,  is 
distributed  to  the  internal  ear. 

(3)  The  anterior  inferior  cerebellar  (a.  cerebelli  inferior  anterior),  two  branches  which 
arise,  one  on  each  side,  from  the  middle  of  the  basilar  artery.  They  pass  backwards  on  the 
anterior  parts  of  the  lower  surfaces  of  the  lateral  lobes  of  the  cerebellum,  and  anastomose 
with  the  posterior  inferior  cerebellar  branches  of  the  vertebral  arteries. 

(4)  The  superior  cerebellar  (aa.  cerebelli  superiores)  branches,  two  in  number,  arise  near 
the  termination  of  the  basilar.  Each  passes  outwards  at  the  upper  border  of  the  pons, 
directly  below  the  third  nerve  of  the  same  side,  and  turning  round  the  outer  side  of  the 
crus  cerebri  below  the  fourth  nerve,  reaches  the  upper  surface  of  the  cerebellum,  where  it 
divides  into  an  internal  and  an  external  branch.  The  internal  branch  supplies  the  upper 
surface  of  the  vermiform  process  and  the  valve  of  Vieussens.  The  external  branch  is 
distributed  over  the  upper  surface  of  the  lateral  hemisphere,  anastomosing  at  its  margin 
with  the  inferior  cerebellar  arteries. 

(5)  Posterior  Cerebral  Arteries  (aa.  cerebri  posteriores,  Figs.  625  and  627).— 
These  are  the  two  terminal  branches  of  the  basilar.  They  run  backwards  and 
upwards,  between  the  crura  cerebri  and  the  uncinate  convolutions  and  parallel 
to  the  superior  cerebellar  arteries,  from  which  they  are  separated  by  the  third 
and  fourth  cranial  nerves.  Each  posterior  cerebral  artery  is  connected  with  the 
internal  carotid  by  the  posterior  communicating  artery ;  it  gives  branches  to  the 
tentorial  surface  of  the  cerebrum,  and  is  continued  backwards,  beneath  the  spleniiim 
of  the  corpus  callosum,  to  the  calcarine  fissure,  where  it  divides  into  calcarine  and 
parieto-occipital  branches,  which  pass  to  the  outer  surface  of  the  occipital  lobe  and 
supply  the  inner  and  tentorial  surfaces  of  the  occipital  lobe  and  the  posterior  part 
of  its  outer  surface. 

Branches. — (A)  Central  or  ganglionic, — This  group  includes  {a})  A  postero-mesUl 
set  of  small  vessels  which  pass  on  the  inner  side  of  the  crus  cerebri  to  the  posterior 
perforated  space.  They  supply  the  crus,  the  posterior  part  of  the  optic  thalamus,  the 
corpora  albican tia,  and  the  walls  of  the  third  ventricle. 

(a^)  A  postero-lateral  set  of  small  vessels  which  pass  round  the  outer  side  of  the  crus 
cerebri.  They  supply  the  corpora  quadrigemina,  the  brachia,  the  pineal  body,  the  crus, 
the  posterior  part  of  the  optic  thalamus,  and  the  corpora  geniculata. 

{a})  A  posterior  choroidal  set  of  small  branches  which  pass  through  the  upper  part  of 
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the  choroidal  fissure,  and,  after  entering  the  posterior  part  of  the  velum  interpositum,  end 
in  the  choroid  plexus  in  the  body  of  the  lateral  ventricle  and  the  upper  part  of  its 
descending  comu. 

(B)  Cortical. — (6^)  The  anterior  temporal,  frequently  a  single  branch  of  variable  size, 
is  not  uncommonly  replaced  by  several  small  branches.  It  supplies  the  anterior  parts  of 
the  uncinate  and  the  occipito-temporal  convolutions. 

(&-)  The  posterior  temporal  is  a  larger  branch  than  the  anterior.  It  supplies  the 
posterior  part  of  the  uncinate  gyrus,  the  greater  part  of  the  occipito-temporal  convolution, 
and  the  lingual  lobule. 

(6^)  The  calcaiine  branch  is  the  continuation  of  the  posterior  cerebral  artery  along 
the  calcarine  fissure.  It  supplies  the  cuneate  lobe,  the  lingual  lobule,  and  the  posterior 
part  of  the  outer  surface  of  the  occipital  lobe. 

(6'*)  The  parieto- occipital  branch,  smaller  than  the  calcarine,  passes  along  the 
corresponding  fissure  to  the  cuneus  and  precuneus. 

Circle  of  Willis  (Fig.  627). — The  cerebral  arteries  of  opposite  sides  are  intimately 
connected  together  at  the  base  of  the  brain  by  anastomosing  channels.  Thus  the 
two  anterior  cerebral  arteries  are  connected  with  one  another  by  the  anterior 
communicating  artery,  whilst  the  two  posterior  cerebrals  are  in  continuity  through 
the  basilar  artery  from  which  they  rise.  There  is  also  a  free  anastomosis  on  each 
side  between  the  carotid  system  of  cerebral  arteries  and  the  vertebral  system  by 
means  of  the  posterior  communicating  arteries,  which  connect  the  internal  carotid 
trunks  and  posterior  cerebral  arteries. 

The  vessels  referred  to  form  the  so-caUed  circle  of  Willis  (circulus  arteriosus 
[WiUisi]).  This  is  situated  at  the  base  of  the  brain,  in  the  region  of  the  inter- 
peduncular space,  and  encloses  the  following  structures :  the  posterior  perforated 
space,  the  corpora  albicantia,  the  tuber  cinereum,  the  infundibulum,  and 
the  optic  commissure.  The  "circle"  is  irregularly  polygonal  in  outline,  and  is 
formed  posteriorly  by  the  termination  of  the  basilar  and  by  the  two  posterior 
cerebral  arteries,  postero-laterally  by  the  posterior  communicating  arteries  and  the 
internal  carotids,  antero-laterally  by  the  anterior  cerebral  arteries,  and  in  front  by 
the  anterior  communicating  artery. 

It  is  stated  that  this  free  'anastomosis  equalises  the  flow  of  blood  to  the  various 
parts  of  the  cerebrum,  and  provides  for  the  continuation  of  a  regular  blood-supply 
if  one  or  more  of  the  main  trunks  of  the  basal  vessels  should  be  obstructed. 

AETERIES  0¥  THE  UPPER  EXTREMITY. 

The  main  arterial  stem  of  each  upper  extremity  passes  through  the  root  of  the 
neck,  traverses  the  axillary  space,  and  is  continued  through  the  upper  arm  to  the 
forearm.  In  the  latter  it  only  runs  a  short  distance,  terminating  just  below  the 
bend  of  the  elbow  by  bifurcating  into  the  radial  and  ulnar  arteries  which  descend 
through  the  forearm  to  the  hand.  That  portion  of  the  common  trunk  which  lies 
in  the  root  of  the  neck  is  known  as  the  subclavian  artery,  the  part  in  the  axillary 
space  is  termed  the  axillary  artery,  whilst  the  remaining  part  is  called  the  brachial 
artery. 

THE  SUBCLAVIAN  ARTERIES. 

On  the  right  side  the  subclavian  artery  (a.  subclavia,  Figs.  620  and  622)  com- 
mences at  the  termination  of  the  innominate  artery  behind  the  sterno-clavicular 
articulation,  whilst  that  on  the  left  side  arises  from  the  arch  of  the  aorta  behind 
the  lower  part  of  the  manubrium  stemi. 

The  right  artery  is  about  three  inches  long  (75  mm.),  and  it  Ues  in  the  root  of 
the  neck.  The  left  artery  is  about  four  inches  (100  mm.)  long,  and  is  situated  not 
only  in  the  root  of  the  neck,  but  also  in  the  superior  mediastinal  part  of  the  thorax. 
In  the  root  of  the  neck  each  artery  arches  outwards  across  the  apex  of  the  lung  and 
behind  the  anterior  scalene  muscle,  and  is  divided  into  three  parts,  which  lie 
respectively  to  the  inner  side,  behind,  and  to  the  outer  side  of  the  muscle.  The 
extent  to  which  the  arch  rises  above  the  level  of  the  clavicle  varies  considerably, 
and  not  uncommonly  it  reaches  the  level  of  the  lower  part  of  the  thyroid  body. 
56  a 
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which  is  separated  from  it  by  the  layer  of  deep  cervical  fascia  which  binds  the  posterior 
belly  of  the  omo-hyoid  to  the  posterior  border  of  the  subclaYian  groove.  More  superficially 
the  third  part  of  the  artery  is  covered  by  the  superficial  layer  of  the  deep  fascia,  the 
descending  clavicular  branches  of  the  cervical  nerves,  the  platysma,  and  the  skin. 

Branches  of  the  Subclavian  Artery. 

(1)  The  vertebral  artery  is  distributed  almost  entirely  to  the  head  and  neck, 
and  its  chief  function  is  to  supply  the  posterior  part  of  the  brain.  Its  description 
has  therefore  been  given  with  that  of  the  other  cerebral  arteries  (see  p.  818). 

(2)  Thyroid  Axis  (truncus  thyreo-cervicalis,  Figs,  620  and  622). — This  branch 
arises  close  to  the  inner  border  of  the  scalenus  anticus,  and  directly  above  the  origin 
of  the  internal  mammary  artery,  from  the  upper  and  front  part  of  the  subclavian 
artery.  After  a  short  upward  course  of  about  two  lines  (4  mm.),  it  ends  under 
cover  of  the  internal  jugular  vein  by  dividing  into  three  branches — viz.  the  inferior 
thyroid,  the  transverse  cervical,  and  the  suprascapular. 

(A)  The  inferior  thyroid  artery  (a.  thyreoidea  inferior,  Fig.  620)  ascends 
along  the  anterior  border  of  the  scalenus  anticus,  and  turns  inwards  opposite  the 
cricoid  cartilage  to  the  middle  of  the  posterior  border  of  the  lateral  lobe  of  the 
thyroid  body ;  it  then  curves  inwards  and  dovniwards,  and  descends  to  the  lower 
end  of  the  lobe,  where  it  divides  into  ascending  and  inferior  terminal  branches. 

Relations. — Behind  it  is  the  vertebral  artery  externally  and  the  longus  colli  muscle 
internally ;  the  recurrent  laryngeal  nerve  passes  either  in  front  of  or  behind  the  vessel, 
opposite  the  lower  border  of  the  thyroid  body.  It  is  covered  in  fivnt  by  the  carotid 
sheath,  which  contains  the  common  carotid  artery,  the  internal  jugular  vein,  and  the 
vagus  nerve ;  the  middle  cervical  ganglion  of  the  sympathetic  lies  in  front  of  the  artery 
as  it  bends  inwards,  and  on  the  left  side  the  thoracic  duct  also  passes  in  front  of  it. 

Branches. — It  gives  off  the  following  branches  : — 

(a)  Mnsculai. — Numerous  small  branches  pass  to  the  scalenus  anticus,  the  longus 
colli,  the  infra-hyoid  muscles,  and  the  inferior  constrictor  of  the  pharynx. 

(b)  The  ascending  cervical  branch  (a.  cervicalis  ascendens)  usually  springs  from  the 
inferior  thyroid  near  its  origin,  though  not  uncommonly  it  rises  separately  from  the  thyroid 
axis.  It  ascends  parallel  with  and  internal  to  the  phrenic  nerve,  in  the  angle  between  the 
rectus  capitis  anticus  major  and  the  scalenus  anticus,  to  both  of  which  it  gives  branches. 
It  also  gives  off  spinal  branches  which  pass  through  the  intervertebral  foramina  to  the 
spinal  canal,  and  it  anastomoses  with  branches  of  the  vertebral,  occipital,  ascending 
pharyngeal,  and  deep  cervical  arteries. 

(c)  (Esophageal  (rami  oesophagci)  are  small  branches  given  to  the  walls  of  the 
(esophagus,  which  anastomose  with  the  oesophageal  branches  of  the  thoracic  aorta. 

(d)  Tracheal  branches  (rami  trachcales)  are  distributed  to  the  trachea ;  they  anasto- 
mose with  branches  of  the  superior  thyroid  and  with  the  bronchial  arteries. 

(e)  An  inferior  laiTngeal  branch  (a.  laryngea  inferior)  accompanies  the  recurrent 
laryngeal  nerve  to  the  lower  part  of  the  larynx.  It  enters  the  larynx,  beneath  the  lower 
border  of  the  inferior  constrictor,  gives  branches  to  its  muscles  and  mucous  membrane, 
and  anastomoses  with  the  laryngeal  branch  of  the  superior  thyroid. 

(/)  The  ascending  terminal  branch  supplies  the  posterior  and  lower  part  of  the 
thyroid  body,  and  anastomoses  with  branches  of  the  superior  thyroid  artery. 

(g)  The  inferior  terminal  branch  is  distributed  to  the  lower  and  inner  part  of  the 
thyroid  body.  It  anastomoses  with  its  fellow  of  the  opposite  side  and  with  branches  of 
the  superior  thyroid  artery. 

(B)  The  transverse  oervic€d  artery  (a.  transversa  colli,  Figs.  620  and  622) 
runs  upwards,  outwards,  and  backwards  from  the  thyroid  axis  across  the  posterior 
triangle  of  the  neck  to  the  anterior  border  of  the  trapezius,  where  it  divides  into 
superficial  cervical  (ramus  ascendens)  and  posterior  scapular  (ramus  descendens) 
branches.  It  is  very  variable  in  size,  and  not  infrequently  the  posterior  scapular 
arises  separately  from  the  third  part  of  the  subclavian. 

Immediately  after  its  origin,  under  cover  of  the  internal  jugular  vein,  it  crosses 

the  scalenus  anticus,  lying  superficial  to  the  phrenic  nerve  and  under  cover  of  the 

sterno-mastoid  muscle;  on  the  left  side  it  is  also  crossed  superficially  by  the  terminal 

part  of  the  thoracic  duct.    Passing  from  beneath  the  sterno-mastoid,  it  enters  the 

56  6 
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lower  part  of  the  posterior  triangle  of  the  neck,  where  it  lies  upon  the  trunks  of 
the  brachial  plexus,  and,  as  it  runs  upwards  and  backwards  to  its  termination,  it 
passes  beneath  the  posterior  belly  of  the  omo-hyoid. 

Branches. — (a)  Small  mnacnlar  branches  to  the  Burrounding  muscles. 
(6)  The   superficial   cervical   artery    (a.    cervicalia   superficial  is),    usually   a  slender 
branch,  passes  beneath  the  trapezius;  it  runs  upwards  over  the  levator  anguli  scapula? 


DlBSECTION    OP  THI    BACK    U 

r  IHB  Shouldbh  a 
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and  upon  the  spleuius,  aud  anastomoses  with  the  arteria  princeps  cerv-icis,  ti  brancli  i>f 
the  occipital  artery,  and  it  sends  branches  downwards  which  accompauy  the  spinal 
accessory  nerve  and  anaatoaiose  with  the  posterior  scapular  and  suprascapular  arteries. 

(c)  The  posterior  scapnlax  arter?  descends  in  front  of  the  levator  anguli  scapulic  and 
the  rhomboid  muscles,  close  to  the  posterior  border  of  the  scapula.  !t  runs  parallfl 
with,  and  a  short  distance  away  from,  the  nerve  to  the  rhomboid  muscles,  and  it  sell<^^ 
branches   into    the   supraspinous,   the   iufraspinous,  and    the   subscapuhtr  fossie,  which 
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anastomose  with  branches  of  the  suprascapular  and  subscapular  arteries.  It  also  sends 
branches  backwards  through  and  between  the  rhomboid  muscles,  which  anastomose  with 
the  superficial  cervical  artery  and  with  the  dorsal  branches  of  the  intercostal  arteries. 

(C)  The  suprascapular  artery  (a.  transversa  scapulee)  springs  from  the  thyroid 
axis,  and  terminates  in  the  infraspinous  fossa  of  the  scapula.  As  a  rule  it  is 
smaller  than  the  transverse  cervical  artery. 

Commencing  behind  the  internal  jugular  vein,  it  crosses  the  scalenus  anticus 
and  phrenic  nerve,  and  is  covered  in  front  by  the  stemo-mastoid  and  the  anterior 
jugular  vein;  on  the  left  side  it  lies  behind  the  termination  of  the  thoracic 
duct  also.  Continuing  outwards  and  backwards  behind  the  clavicle,  and  crossing 
superficially  to  the  third  part  of  the  subclavian  artery  and  the  cords  of  the  brachial 
plexus,  it  reaches  the  suprascapular  notch  and  passes  over  the  suprascapular  liga- 
ment. From  this  point  it  descends  with  the  suprascapular  nerve  through  the 
supraspinous  fossa  and  beneath  the  supraspinatus  muscle,  and  passing  through 
the  great  scapular  notch  in  front  of  the  spino-glenoid  ligament,  enters  the  infm- 
spinous  fossa,  where  it  anastomoses  with  the  dorsal  branch  of  the  subscapular  and 
with  branches  of  the  posterior  scapular  arteries. 

Branches. — (a)  Mmicular,  to  the  stemo-mastoid,  the  subclavius,  and  the  muscles  on 
the  dorsum  of  the  scapula. 

(b)  The  medullary,  a  small  branch  to  the  clavicle. 

(c)  The  saprastemal,  to  the  sternal  end  of  the  clavicle  and  the  sterno-clavicular 
joint. 

(d)  Acromial  branches,  which  ramify  over  the  acromion  process,  anastomosing  with 
the  acromial  branches  of  the  acromio-thoracic  and  the  posterior  circumflex  arteries. 

(e)  Articular,  to  the  acromio-clavicular  and  shoulder-joints. 

{/)  The  Babflcapular,  which  is  given  off  as  the  artery,  passes  over  the  suprascapular 
ligament.  It  passes  down  into  the  subscapular  fossa,  gives  branches  to  the  subscapularis, 
and  anastomoses  with  the  branches  of  the  subscapular  and  posterior  scapular  arteries. 

(g)  Sapraspinons,  which  ramify  in  the  supraspinous  fossa,  supplying  the  muscle,  and 
anastomosing  with  the  posterior  scapular. 

(h)  Terminal  branches  ramify  in  the  infraspinous  fossa,  and  anastomose  with  the 
dorsalis  scapulsQ  and  with  branches  of  the  posterior  scapular  artery. 

(3)  Internal  Mammary  Artery  (a.  mammaria  interna.  Fig.  620). — This  arises 
from  the  lower  and  front  part  of  the  subclavian  at  the  inner  border  of  the  scalenus 
anticus  and  immediately  below  the  origin  of  the  thyroid  axis.  It  terminates 
behind  the  inner  extremity  of  the  sixth  intercostal  space  by  dividing  into  the 
musculo-phrenic  and  the  superior  epigastric  arteries. 

The  artery  passes  at  first  downwards,  forwards,  and  inwards,  lying  upon  the 
pleura,  and  behind  the  subclavian  vein,  the  sternal  end  of  the  clavicle,  and  the 
cartilage  of  the  first  rib:  it  is  crossed  obliquely  from  without  inwards  by  the 
phrenic  nerve,  which  usually  passes  in  front  of  it.  From  the  cartilage  of  the  first 
rib  it  descends  vertically,  about  half-an-inch  from  the  border  of  the  sternum,  and 
lies  in  the  upper  part  of  its  course  in  front  of  the  pleura,  and  in  the  lower  part  in 
front  of  the  triangularis  sterni.  It  is  covered  anteriorly  by  the  cartilages  of  the 
upper  six  ribs,  the  intervening  intercostal  muscles,  and  the  terminal  portions  of  the 
intercostal  nerves,  and  it  is  accompanied  by  two  venae  comites,  which  unite 
together  above  and  on  its  inner  side  to  form  a  single  trunk  which  terminates  in  the 
innominate  vein. 

Branches. — (a)  The  comes  nervi  phrenici  (a.  pericardiaco-phrenica),  or  superior 
phrenic  artery,  is  a  long  slender  branch  which  is  given  off  from  the  upper  part  of  the 
internal  mammary.  It  accompanies  the  phrenic  nerve  through  the  superior  and  middle 
mediastinal  spaces  to  the  diaphragm,  where  it  anastomoses  with  the  inferior  phrenic  and 
musculo-phrenic  arteries.  In  its  course  downwards  the  artery  gives  off  numerous  small 
branches  to  the  pleura  and  pericardium,  which  anastomose  with  oflsets  of  the  mediastinal 
and  pericardial  branches  of  the  aorta  and  internal  mammary  arteries,  and  also  with  the 
bronchial  arteries,  forming  the  wide-meshed  subpleural  plexus  of  Turner. 

(6)  Mediastinal  branches  (aa.  mediastiuales  anteriores),  small  atid  numerous,  pass  to 
the  areolar  tissue  of  the  anterior  mediastinal  space  and  supply  the  remains  of  the  thymus 
gland  and  the  sternum. 
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(c)  PericardiaL — These  are  several  small  branches  which  ramify  on  the  anterior  aspect 
of  the  pericardium. 

(d)  The  anterior  intercostal  (rami  intercostales)  are  two  in  number  in  each  of  the 
upper  six  intercostal  spaces.  They  pass  outwards  for  a  short  distance  either  between  the 
pleura  or  the  triangularis  stemi  and  the  internal  intercostal  muscles ;  they  then  pierce 
the  internal  intercostal  muscles,  and  mmify  between  them  and  the  external  intercostal 
muscles,  anastomosing  with  the  aortic  and  superior  intercostal  arteries  and  their  collateral 
branches. 

(e)  The  anterior  perforating  branches  (rami  perforantes),  one  in  each  of  the  upper  six 
intercostal  spaces,  are  small  vessels  which  pass  forwards  with  the  intercostal  nenres, 
piercing  the  internal  intercostal  muscle,  the  anterior  intercostal  membrane,  and  the 
pectoralis  major,  to  terminate  in  the  skin  and  subcutaneous  tissue.  They  supply  twigs 
to  the  sternum,  and  those  in  the  third  and  fourth  spaces,  usually  the  largest  of  the  series, 
give  off  branches  to  the  mammary  gland. 

(/)  The  muscnlo-phrenic  (a.  musculo-phrenica),  or  external  terminal  bmnch  of  the 
internal  mammary  artery,  runs  downwards  and  outwards  from  the  sixth  intercostal  space 
to  the  tenth  costal  cartilage.  In  the  upper  part  of  its  course  it  lies  upon  the  thoracic 
surface  of  the  diaphragm,  but  it  pierces  the  muscle  about  the  level  of  the  eighth  costal 
cartilage,  and  terminates  on  its  abdominal  surface.     Its  branches  are  : — 

(i)  Muscular,  which  supply  the  diaphragm  and  anastomose  with  the  superior  and  inferior 
phrenic  arteries. 

(ii)  Anterior  intercostal  branches,  two  in  each  of  the  seventh,  eighth,  and  ninth  intercostal 
spaces ;  they  are  distributed  in  the  same  manner  as  the  corresponding  branches  of  the  internal 
mammaiy  artery,  and  terminate  by  anastomosing  with  the  aortic  intercostals  and  their  collateral 
branches. 

(^)  The  superior  epigastric  (a.  epigastrica  superior),  or  internal  terminal  branch  of  the 
internal  mammary  artery,  descends  into  the  anterior  wall  of  the  abdomen.  It  leaves  the 
thorax,  between  the  sternal  and  costal  origins  of  the  diaphragm,  and  enters  the  sheath  of 
the  rectus,  lying  first  behind,  and  then  in  the  substance  of  the  rectus  muscle.  It  termi- 
nates by  anastomosing  with  branches  of  the  deep  epigastric  artery.     Its  branches  are  :— 

(i.)  Muscular,  to  the  rectus,  to  the  flat  muscles  of  the  abdominal  wall,  and  to  the  diaphra^nn. 

(iL)  Anterior  Ontaneons. — These  branches  pierce  the  rectus  and  the  anterior  portion  of  its 
sheath.  They  accompany  the  anterior  terminal  branches  of  the  lower  intercostal  nerves,  and 
terminate  in  the  subcutaneous  tissues  and  skin  of  the  middle  portion  of  the  anterior  abdominal 
walL 

(iii.)  Ensiform,  a  small  branch  which  crosses  the  front  of  the  ensiform  process  to  anastom<ide 
with  its  fellow  of  the  opposite  side.    It  supplies  the  adiacent  muscles  and  skin. 

(iv.)  Hepatic  brancnes  of  small  size  pass  backwards  in  the  falciform  ligament  to  the  liver, 
where  they  anastomose  with  branches  of  the  hepatic  artery. 

(4)  Superior  Intercostal  Artery  (truncus  costo-cervicalis,  Fig.  624). — The 
superior  intercostal  artery  springs  from  the  back  of  the  second  part  of  the  sub- 
clavian artery  on  the  right  side  and  from  the  first  part  on  the  left  side.  It  runs 
upwards  and  backwards  from  its  origin,  over  the  apex  of  the  pleural  sac,  to  the 
neck  of  the  first  rib  iu  front  of  which  it  descends,  between  the  first  thoracic 
ganglion  of  the  sympathetic  cord  and  the  first  dorsal  nerve,  to  the  first  intercostal 
space,  where  it  divides  into  two  branches  which  are  distributed  to  the  upper  two 
intercostal  spaces. 

Branches. — (a)  The  profonda  cervicis  (a.  cervicalis  profunda). — This  branch  some- 
times arises  from  the  subclavian  artery  directly ;  but  more  coomaonly  it  springs  from  the 
superior  intercostal  at  the  upper  border  of  the  neck  of  the  first  rib.  It  runs  backwaids, 
like  the  dorsal  branch  of  an  intercostal  artery,  passes  between  the  first  dorsal  and  last 
cervical  nerves,  and  between  the  transverse  process  of  the  last  cervical  vertebra  and  the 
neck  of  the  first  rib  to  the  back  of  the  neck,  where  it  ascends  between  the  oomplexus 
and  the  semispinalis  colli  muscle  to  terminate  by  anastomosing  with  the  deep  branch  of 
the  princeps  cervicis  artery.  It  also  anastomoses  with  branches  of  the  ascending  cervical 
and  vertebral  arteries,  supplies  the  adjacent  muscles,  and  sends  a  spinal  branch,  through 
the  intervertebral  foramen  between  the  last  cervical  and  the  first  dorsal  vertebne,  into  the 
spinal  canal,  where  it  anastomoses  with  the  spinal  branches  of  the  vertebral  and  inter 
costal  arteries. 

(6)  Terminal. — The  two  terminal  branches  run  outwards — one  in  the  first  and  one 
in  the  second  intercostal  space.  Each  runs  near  the  upper  border  of  its  space,  passing  at 
first  between  the  pleura  and  the  posterior  intercostal  membrane,  and  then  between  the 
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internal  and  eiternal  intercostal  muscles.  The  branches  terminate  by  anastomoeing  with 
aut«rior  intercoBtal  brancbea  of  the  internal  mammary  art«ry.  Eacli  gives  oflf  musoulftr 
branches  to  the  intercostal  muscles — a  nutrient  branch  to  the  rib  below  which  it  lies,  and 
a  collateral  branch  which  runs  along  the  lower  border  of  the  space  and  terminates  by 
anastomosing  with  an  anterior  intercostal  branch  of  the  internal  mammary  artery. 

THE  AXILLARY  ARTERY. 

The  axillary  arteiy  {a.  axillaris)  lies  in  the  axillary  space.  It  is  the  direct 
cODtiouatioQ  of  the  subclavian  artery,  and  it  becomes  the  brachial  artery. 

The  axillary  artery  commences  at  the  outer  border  of  the  first  rib,  at  the  apex 
of  the  axillary  space.     It  descends,  with  an  outward  inclination,  along  the  external 
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wall  of  the  space,  i.e.  to  the  inner  side  of  the  shoulder-joint  and  the  humerus,  to 
the  lower  boiler  of  the  teres  major,  where  it  becomes  the  brachial  artery.  A  line 
drawn  from  the  middle  of  the  clavicle  to  the  inner  border  of  the  prominence  of  the 
coraco-brachialis  and  biceps  muscles,  when  the  arm  is  abducted  until  it  is  at  right 
angles  with  the  side,  indicates  the  position  and  direction  of  the  artery. 

The  position  and  direction,  however,  and  to  a  certain  extent  the  relations  also 
of  the  axillary  artery,  are  modified  by  changes  in  the  position  of  the  upper 
extremity.  With  the  arm  hanging  by  the  side  the  axillary  artery  describes  a 
curve  with  the  concavity  directed  downwards  and  inwards,  and  the  vein  is  to  its 
inner  side.  When  the  arm  is  at  right  angles  with  the  side,  the  axillary  artery  is 
almost  straight,  it  lies  closer  to  the  outer  wall  of  the  axilla,  and  the  vein  overlaps 
it  in  front  and  on  the  inner  side.     When  the  arm  is  raised  above  the  level  of  the 
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shoulder  the  axillary  artery  is  curved  over  the  head  of  the  humerus,  and  the  vein 
lies  still  more  in  front  of  it. 

For  descriptive  purposes  the  artery  is  divided  into  three  parts :  the  first  part 
lies  above,  the  second  behind,  and  the  third  part  below  the  pectoralis  minor 
muscle. 

Though  we  have  followed  the  usual  custom  in  describing  three  parts  of  the 
axillary  artery, — a  division  which  is  perhaps  of  practical  interest  in  so  far  as  it 
emphasises  the  fact  that  the  axillary  artery  is  surgically  accessible  above  the 
pectoralis  minor, — it  is  to  be  noted  that  the  upper  border  of  the  pectoralis  minor  is 
usually  exactly  opposite  the  outer  border  of  the  first  rib,  at  the  point  where  the 
axillary  artery  begins.  In  the  strict  sense,  therefore,  no  part  of  the  artery  is  above 
the  pectoralis  minor. 

Relations  of  the  first  part. — Posterior. — The  first  part  of  the  artery  is  enclosed, 
together  with  the  vein  and  the  cords  of  the  brachial  plexus,  in  a  prolongation  of  the 
cervical  fascia  known  as  the  axillary  sheath,  behind  which  is  the  upper  serration  of  the 
serratus  magnus  muscle,  the  contents  of  the  first  intercostal  space,  the  inner  cord  of  the 
brachial  plexus,  the  internal  anterior  thoracic  and  the  posterior  thoracic  nerves,  the  latter 
descending  vertically  between  the  artery  and  the  serratus  magnus.  Anterior. — It  is 
covered  in  front  by  the  costo-coracoid  membrane,  the  upper  part  of  which  splits  to  enclose 
the  subclavius  muscle.  The  membrane  intervenes  between  the  artery  and  the  cephalic 
vein,  the  branches  of  the  external  anterior  thoracic  nerve,  the  branches  of  the  acromio- 
thoracic  artery  with  their  accompanying  veins,  and  the  clavicular  part  of  the  pectoralis 
major  muscle,  superficial  to  which  are  the  deep  fascia,  the  platysma,  the  descending 
clavicular  branches  of  the  cervical  plexus,  and  the  superficial  fascia  and  the  skin.  Behind 
the  costo-coracoid  membrane  the  artery  is  crossed  by  a  loop  of  communication  between 
the  external  and  internal  anterior  thoracic  nerves.  Lateral. — Above  and  to  the  outer 
side  are  the  outer  and  posterior  cords  of  the  brachial  plexus  and  the  external  anterior 
thoracic  nerve.  Below  and  to  the  inner  side  is  the  axillary  vein,  the  internal  anterior 
thoracic  nerve  intervening. 

Relations  of  the  second  part. — Posterior. — Behind  this  portion  of  the  arter}*  is 
the  posterior  cord  of  the  brachial  plexus  and  a  layer  of  fascia  which  separates  it  from  the 
subscapularis  muscle.  Anterior. — In  front  is  the  pectoralis  minor,  and  more  superficially 
the  pectoralis  major,  the  fasciae  and  skin.  Lateral. — To  the  outer  side  lies  the  outer  cord 
of  the  brachial  plexus.  On  the  inner  side  the  inner  cord  of  the  plexus  lies  in  close  relation 
to  the  artery,  and  intervenes  between  it  and  the  axillary  vein. 

Relations  of  the  third  part. — Posterior. — The  third  part  of  the  artery  rests 
posteriorly  upon  the  lower  border  of  the  subscapularis,  the  latissimus  dorsi,  and  the 
teres  major.  It  is  separated  from  the  fibres  of  the  subscapularis  by  the  circumflex  and 
musculo-spiral  nerves,  and  from  the  latissimus  dorsi  and  teres  major  by  the  musculo- 
spiral  nerve  alone.  Anterior. — It  is  crossed  in  front  by  the  inner  head  of  the  median 
nerve.  In  its  upper  half  it  lies  under  cover  of  the  lower  part  of  the  pectoralis  major, 
the  fascia  and  skin,  whilst  its  lower  part,  which  is  superficial,  is  covered  by  skin  and 
fascia  only.  Lateral. — To  the  outer  side  lie  the  median  and  musculo-cutaneous  nerves 
and  the  coraco-brachialis  muscle.  To  the  inner  side  is  the  axillary  vein.  The  two  vessels 
are,  however,  separated  by  two  of  the  chief  branches  of  the  inner  cord  of  the  brachial  plexus. 
In  the  angle  between  ^the  vein  and  the  artery,  and  somewhat  in  front  of  the  latter,  lies 
the  internal  cutaneous  nerve ;  in  the  angle  behind  is  the  ulnar  nerve.  The  lesser  internal 
cutaneous  nerve  lies  internal  to  the  vein,  and  the  vense  comites  of  the  brachial  arterv 
ascend  along  the  inner  side,  to  terminate  in  the  axillary  vein  at  the  lower  border  of  the 
subscapularis  muscle. 

Branches  of  the  Axillary  Artery. 

(1)  The  superior  thoracic  (a.  thoracalis  suprema.  Fig.  629),  a  small  branch 
which  arises  from  the  first  part  of  the  axillary  at  the  lower  border  of  the  sub- 
clavius. It  runs  downwards  and  inwards  across  the  first  intercostal  space,  piera?8 
the  inner  part  of  the  costo-coracoid  membrane,  and  supplies  branches  to  the  sub- 
clavius, the  pectoralis  major  and  minor,  and  to  the  serratus  magnus  and  the  inter- 
costal muscles;  it  anastomoses  with  branches  of  the  suprascapular,  the  internal 
mammary,  and  the  acromio-thoracic  arteries. 

(2)  The  acromio-thoracic  (a.  thoraco-acromialis,  Fig.  629)  arises  near  the  upper 
border  of  the  pectoralis  minor,  from  the  second  part  of  the  axillary  artery.     lt\&^ 
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very  short  trunk,  of  considerable  size,  which  passes  forwards,  pierces  the  costo- 
coracoid  membrane,  and  terminates  beneath  the  clavicular  portion  of  the  pectoraUs 
major  by  dividing  into  four  terminal  branches — clavicular,  pectoral,  humeral,  and 
acroroial. 

(a)  The  clavicular  branch  (ramus  clavicularis)  is  a  long  slender  artery  which  runs 
upwards  and  inwards  to  the  steiTko-clavicular  joint,  anastomosing  with  the  superior  thoracic, 
with  branches  of  the  suprascapular,  and  with  the  first  perforating  branch  of  the  internal 
mammary  artery.     It  supplies  the  adjacent  muscles  and  the  stemo-clavicular  articulation. 

(6)  Tlie  pectoral  (ramus  pectoralis),  or  thoracic,  is  a  large  branch  which  descends 
between  the  two  pectoral  muscles,  to  both  of  which  it  gives  branches,  and  it  anastomoses 
with  the  intercostal  and  long  thoracic  arteries. 

(c)  The  humeral  branch  (ramus  deltoideus)  runs  outwards  to  the  groove  between  the 
pectoralis  major  and  the  deltoid,  in  which  it  descends  by  the  side  of  the  cephalic  vein 
to  the  insertion  of  the  deltoid.  It  anastomoses  wnth  the  acromial  branch  and  with  the 
anterior  circumflex  artery,  and  it  gives  branches  to  the  pectoralis  major  and  deltoid 
muscles  and  to  the  skin. 

(d)  The  acromial  branch  (ramus  acromialis)  runs  upwards  and  outwards  across  the  tip 
of  the  coracoid  process  to  the  acromion,  where  it  anastomoses  with  the  last-described 
branch,  with  the  acromial  branches  of  the  suprascapular,  and  with  the  posterior  circumflex 
arteries.     It  gives  branches  to  the  deltoid. 

(3)  The  long  thora.cic  (a.  thoracalis  lateralis)  arises  from  the  second  part  of 
the  axillary,  and  descends  along  the  lower  border  of  the  pectoralis  minor  to 
anastomose  with  the  intercostal  and  subscapular  arteries,  and  with  the  pectoral 
branch  of  the  acromio  -  thoracic.  It  supplies  the  adjacent  muscles,  and  sends 
branches  to  the  outer  part  of  the  mammary  gland ;  hence  it  is  not  infrequently 
called  the  external  mammary  artery. 

(4)  The  alar  thoracic  is  only  occasionally  present  as  a  distinct  branch,  but  it 
is  frequently  represented  by  a  number  of  small  irregular  branches,  which  may 
either  arise  from  the  axillary  or  from  the  thoracic  and  subscapular  branches.  It  is 
distributed  to  the  glands  and  areolar  tissue  in  the  axilla. 

(5)  The  subscapular  artery  (a.  subscapularis)  is  the  largest  branch  of  the 
axillary  artery.  It  arises  from  the  third  part  of  the  artery,  opposite  the  lower 
border  of  the  subscapularis,  along  which  it  descends  to  the  lower  angle  of  the 
scapula  and  to  the  inner  wall  of  the  axillary  space.  It  is  accompanied  by  the 
second  or  long  subscapular  nerve ;  it  supplies  the  adjacent  muscles,  and  it  anasto- 
moses with  the  posterior  scapular,  the  suprascapular,  the  long  thoracic,  and  the 
lateral  branches  of  the  intercostal  arteries,  and  gives  off  one  named  branch,  the 
dorsalis  scapulae. 

The  dorsalis  scapnlad  artery  (a.  circumflexa  scapulce)  is  frequently  larger  than  the 
continuation  of  the  subscapular  artery.  It  arises  about  one  and  a  half  inches  (37  nun.) 
from  the  conunencement  of  the  subscapular  trunk,  and  passes  backwards  into  the 
triangular  space  between  the  subscapularis  above,  the  teres  major  below^,  and  the  long 
head  of  the  triceps  externally.  Turning  round,  and  usually  grooving  the  axillary  border 
of  the  scapula,  under  cover  of  the  teres  minor,  it  enters  the  infraspinous  fossa,  where  it 
breaks  up  into  branches  which  anastomose  with  branches  of  the  posterior  scapular  and 
suprascapular  arteries.  Whilst  it  is  in  the  triangular  space  the  dorsal  artery  gives  off  an 
infroicapular  branch  which  passes  into  the  subscapular  fossa  beneath  the  subscapularis, 
and  terminates  by  anastomosing  with  the  branches  of  the  posterior  and  suprascapular 
arteries.  It  also  gives  off  in  the  same  situation  a  descending  branch,  which  runs  down- 
wards to  the  lower  angle  of  the  scapula  between  the  teres  major  and  minor  muscles,  and 
small  branches  are  given  to  the  deltoid  and  scapular  head  of  triceps. 

(6)  The  posterior  circumflex  (a.  circumflexa  humeri  posterior)  arises  from  the 
third  part  of  the  axillary  artery  and  passes  backwards,  accompanied  by  the  circum- 
flex nerve,  through  an  intermuscular  cleft,  the  so-called  quadrilateral  space,  which 
is  bounded  by  the  teres  minor  and  subscapularis  above,  the  teres  major  below,  the 
long  head  of  the  triceps  internally,  and  the  humerus  externally.  It  turns  round 
the  surgical  neck  of  the  humerus  under  cover  of  the  deltoid  muscle,  and  terminates 
in  numerous  branches  which  supply  the  deltoid.  As  a  rule  it  is  an  artery  of  large 
size,  only  slightly  smaller  than  the  subscapxilar. 
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Branches. — {a)  Uoscalar  to  the  teres  major  aod  minor,    the  triceps  heads,  long 

and    externul,    and    the    deltoid ;  (6)    An    aeromi&l    branch,    which    ascends    to    the 

acromial  process,  where  it  anastomoses  with  the  acromial  branches  of  the  supraacapuiu 

and  the  acromio- thoracic  arteries ;  (t-)  A  descending  bianch,  which  runs  downwards  along 

the  external  head  of  the  triceps  to  anastomoee 

with     the     superior     profunda     artery;     {(I) 

Articular  to  the  shoulder-joint ;  {e)   Hatarient 

to  the  head  of  the  humerus  ;    (/)  Terminftl, 

which  supply  a  large  portion  of  the  deltoid,  and 

anastomose  with  the  anterior  circumBex  and 

o-thoracic  arteries. 


toi.!  O)  '^^^  anterior  circamflez  artery  (a. 

circumflexahunieri  anterior)  iaa  small  branch 
toniia      which  Is  giveu  off  from  the  third  part  of  the 
axillary  close  to,  or  in  common  with,  the 
posterior  circumflex.      It  passes  outwards 
luirmii     behind  the  coraco-brachialis  and  the  two 
n  majui     hcads  of  the  biceps,  round  the  front  of  the 
surgical  neck  of  the  humerus,  and  termiuatea 
Tricrpa     ^y  aiastomosing  with  the  posterior  circum- 
flex.   At  the  bicipital  groove  it  gives  a  well- 
.supfrior    niarked  ascending   bicipital   branch  which 
arte'iy"^'   ascends  along  the  long  liead  of  the  biceps, 
■rnerv-    Supplying   the  sheath  of   the  tendon,  and 
'nluL        g"i°§  branches  to  the  shoulder- joint.     It 
17  also  gives  muacular  branches  to  the  adjac«Dt 

^.^^  muscles,  cue  of  which  descends  along  the 

IX  tendon  of  Insertion  of  the  pectoralis  major. 

""  THE  BRACHIAL  ARTERY. 

^j^.^j  The  brachial  artery  (a.  brachiaUs,  is 

ry  the  direct  continuation  of  the  axillary.    U 

commences  at  the  lower  border  of  the  teres 

major,  and  terminates  in  the  ante-cubital 
Momoiic   fo^j^a  dt,  the  level  of  the  neck  of  the  radine, 

by  dividing  into  the  radial  and  ulnarart«ries. 
cMam  The  general  course  of  the  brachial  artery 

ni^r  is  downwards  and  outwards,  along  the  inner 
'  side  of  the  arm.      Its  position  may  be  iu- 

piui  dlcated  on  the  surface  by  a  line  drawn  from 
.  the  lower  part  of  the  axillary  space  at  the 

nil  junction  of  its  anterior  and  nuddle  thirds  to 

the  centre  of  the  bend  of  the  elbow. 

Relations.  —ro»Uriot: — 1 1  liessucceaBively 

in  front  of    the  long  bead  of   the  triceps,  the 

Pm.  830.— Thb  Brachial  Artkrt  anp  its      musculo-spiral  nerve  aiid  the  superior  profundi 

Branches.  artery  intervening,    the  internal    head    of   the 

triceps,   the  insertion  of  the  coraco-brachiaiis 

and  the  brachialis  anticns.     Anterior. — It  is  overlapped  in  front  by  the  inner  border  of  the 

biceps,  is  crossed  at  its  uentre  by  the  tnedian  nerve,  and  in  addition  is  covered  by  deep  and 

superficial  fascia  and  by  skin.     In  the  ante-cubital  fossa  a  thickened  portion  of  the  det'p 

fascia,  the  semilunar  or  bicipital  fnscia,  scpumtes  it  from  the  median  basilic  vein  and  tli« 

anterior  branch  of  the  internal  cutaneous  nerve,  both  of  which  lie  in  the  superficial  fanci.i. 

Lnl'nU. — To  the  outer  »ii}r  it  is  in  relation  above  with  the  median  ner^e,  and  below  with 

the  biceps.     To  the  innrr  tide  it  is  in  relation  in  the  upper  part  of  its  extent  with  the 

basilic  vein,  the  internal  cutaneous,  lesser  internal  cutaneous,  and  ulnar  nerves,  and  in 

the  lower  part  with  the  median  nerve.     Two  venic  comites,  one  on  each  side,  accompMiy 

the  artery,  and  communicutiona  between  these  pass  across  the  vessel. 
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Branches  of  the  Brachial  Artery. 

(1)  The  superior  profanda  (a.  profunda  brachii)  is  a  large  branch  which 
arifies  from  the  inner  and  back  part  of  the  brachial  soon  after  its  commencement. 
It  runs  downwards  and  outwards,  with  the  musculo-spiral  nerve,  in  the  musculo- 
spiral  groove,  and  divides  at  the  back  of  the  humerus  into  two  terminal  branches, 
the  anterior  and  the  posterior.  Not  infrequently  this  division  takes  place  at  a 
higher  level,  and  the  artery  appears  double.  The  anterior  terminal  branch 
accompanies  the  musculo-spiral  nerve  through  the  external  intermuscular  septum, 
and  descends  between  the  supinator  longus  and  the  brachialis  anticus  to  the  front 
of  the  external  condyle,  where  it  anastomoses  with  the  radial  recurrent  artery. 
The  posterior  terminal  branch  descends  behind  the  external  intermuscular  septum, 
and  anastomoses  behind  the  external  condyle  with  the  posterior  interosseous 
recurrent  artery  and  with  the  anastomotic  artery. 

Whilst  they  are  lying  at  the  back  of  the  humerus  one  of  the  terminal  branches 
gives  off — (a)  a  slender  twig,  which  descends  in  the  substance  of  the  internal  head 
of  the  triceps  to  the  back  of  the  elbow,  where  it  anastomoses  with  the  anastomotic 
artery ;  (6)  a  nutrient  branch,  which  enters  a  foramen  on  the  posterior  surface  of  the 
humerus ;  and  (c)  an  ascending  branch,  which  anastomoses  with  the  descending 
branch  of  the  posterior  circumflex  artery. 

(2)  Muscular  branches  are  given  to  the  biceps,  coraco-brachialis^  brachialis 
anticus,  triceps,  and  pronator  radii  teres. 

(3)  Nutrient. — A  small  artery  which  arises  from  the  middle  of  the  brachial  and 
enters  the  nutrient  foramen  on  the  inner  side  of  the  shaft  of  the  humerus. 

(4)  The  inferior  profanda  (a.  coUaterulis  ulnaris  superior)  is  smaller 
than  the  superior  profunda,  with  which  it  sometimes  rises  by  a  common  trunk  ; 
usually,  however,  it  springs  from  the  inner  and  back  part  of  the  middle  of  the 
brachial.  It  runs  downwards  and  backwards,  with  the  ulnar  nerve,  through  the 
internal  intermuscular  septum,  and  then,  descending  more  vertically,  reaches  the 
back  of  the  internal  condyle  of  the  humerus,  where  it  terminates  by  anastomosing 
with  the  posterior  and  anterior  ulnar  recurrent  and  anastomotic  arteries. 

(5)  The  anastomotic  (a.  collateralis  ulnaris  inferior)  rises  from  the  inner 
side  of  the  brachial  artery  about  two  inches  (50  mm.)  above  its  termination. 
It  runs  inwards  behind  the  median  nerve  and  in  front  of  the  brachialis  anticus,  it 
then  pierces  the  internal  intermuscular  septum,  and  turns  outwards  between  the 
inner  head  of  the  triceps  and  the  posterior  surface  of  the  bone  to  the  external  con- 
dyle. It  supplies  the  adjacent  muscles  and  anastomoses,  in  front  of  the  internal 
condyle,  with  the  anterior  ulnar  recurrent,  behind  the  internal  condyle  with  the 
posterior  ulnar  recurrent  and  the  inferior  profunda,  at  the  middle  of  the  back  of  the 
humerus  with  a  branch  of  the  superior  profunda,  and  behind  the  external  condyle 
with  the  posterior  terminal  branch  of  the  superior  profunda  and  the  posterior  inter- 
osseous recurrent  artery. 

The  Radial  Artery. 

The  radial  artery  (a.  radialis.  Figs.  631,  632,  and  633)  is  the  smaller  of  the 
two  terminal  branches  of  the  brachial  artery,  but  it  is  the  more  direct  continuation 
of  the  parent  trunk.  It  commences  in  the  ante-cubital  fossa  opposite  the  neck  of 
the  radius,  and  terminates  in  the  palm  of  the  hand,  by  anastomosing  with  the 
deep  branch  of  the  ulnar  artery,  and  thus  completing  the  deep  palmar  arch. 

The  trunk  is  divisible  into  three  parts. 

The  first  part  lies  on  the  front  of  the  forearm.  It  runs  downwards  aud  some- 
what outwards  to  the  apex  of  the  styloid  process  of  the  radius.  The  second  part 
curves  round  the  outer  side  of  the  wrist  and  across  the  back  of  the  trapezium  to 
reach  the  proximal  end  of  the  first  interosseus  space.  The  third  part  passes 
forwards  through  the  first  interosseous  space  to  the  palm  of  the  hand,  where  it 
joins  the  deep  branch  of  the  ulnar  artery. 

Relations  of  the  first  part. — Posterior. — It  passes  successively  in  front  of  the 
following  structures :  the  tendon  of  insertion  of  the  biceps,  the  supinator  brevis,  the 
pronator  radii  teres,  the  radial  portion  of  the  flexor  sublimis  digitorum,  the  flexor  longus 
pollicis,  the  pronator  quadratua,  and  the  anterior  ligament  of  the  wrist-joint.     Anterior, — 
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The  artery  is  overlapped  in  tbe  upper  half  by  the  anterior  border  of  the  supinator  longua : 

in  the  remainder  of  its  extent  it  is  covered  only  by  skin  and  fascia.     Lattrai.—TQ  tin* 

outer  sid«  is  the  brHchio-radialis,  or  supinator  longiis,  and  the  radial  nerve.     This  latttr 

lies  quite  near  to  the  artery  inits  middle 

third.   To  the  innfr  (tie  ia  the  pronaliir 

radii  teres  above  and  the  flexor  carpi 

radialis  below.    Two  vena;  conut«s,  one 

Br,  on  each  side,  accompany  the  arteir. 

Branches  of  Uie  first  part.— 

i  (1)  The  radial  Tecturent  (a.  recurrens 

radialis)  arises  in  the  ante-cubital  fossji. 

It  springs  from  the  outer  side  of  the 

^*^^  radial  in  front  of  the  supinator  brsTis. 

It  nnis  outwards,  passes  between  \\\k 

radial  and  posterior  interosseous  ncrres, 

and  then  ascends  to  tbe  external  coii- 

"  dyle  of  the  humerus,  where  it  anasto- 

moacswitb  theanterior  terminal  branch 

of  the  superior  profunda.     The  radial 

recurrent  supplies  numerous  muscular 

itor        branches  to  the  supinator  longus,  tbi' 

supinator   brevis,   tlie  extcuhor  car[ii 

radialis  longior,  and  the  extensor  eirpi 

radialis  brevior. 

(2)  Uuscnlar  bnnclieB  (rami  mu» 
culares)tothcrau3c]eaon  the  radial  hii1>' 
of  the  anterior  aspect  of  the  forearm, 

(3)  The  superflcialiB  toUb  (^Lmu^ 
risT       volaris   superficial  is,    Fig.    631)    ie  ;i 

slender  vessel  which  arises  a  )>hon 
distance   above    the   wrist  and   raai 

"''  downwards  across  the  ball  of  Ihc 
thumb.     It  usually  pierces  the  supcr- 

'■  ficittl  muscles  of  the  thenar  emiooni, 

and  terminates  either  iu  their  i^A'- 
stancc  or  by  uniting  with  the  uhmr 

^  artery  and  completing  tbe  supcrlici.il 
palmur  arch  of  the  hand. 

(4)  An  anterior  radial  carpil 
ui,  branch  (ramus  ciirpcus  volaris)  pa-i- 
'^'<y       inwards  beneath  the  flexor  tendons  nuJ 

their  synovial  sheaths,  aud  crosses  ihi' 
I'rcli  anterior  carpnl  ligaments.  It  ana-'lii 
moaes  with  the  anterior  carpal  bnincli 
of  the  ulnar  artery  to  form  the  auteriiT 
carpal  arch,  and  it  receives  conunum 
:»  cations  from  tlie  anterior  intemsieoti' 

artery  and  from  the  deep  palmar  arcli. 
Relations  of  the  second  part 
— As  it  curves  round  the  outer  aiHi' 
and  tbe  back  of  the  wrist,  the  radial 
artery  lies  upon  the  external  lateral 
ligament  of  the  intercarpal  joint  ami 
upon  the  back  of  the  trapciium.     Ii 
is  crossed  by  tbe  extensor  ossis  mela 
ON    or  THK    FnoNT   or      carpi     pollicis,    the    extensor    brevi> 
iliowins  the   radial   and       pollicis,  and  the  extensor  longus  [si 
ch  with  its       ij^ig  .  ^Q^  superficially  it  is  oovcri>.l 
j^^    faKcia,    in    wliich   are   some   tils- 
mcnts  of  the  rudial  nerve  and  the  commencement  of  the  radial  vein,  and  by  skin. 

Branches  of  the  second  part.— (1)  Dorsalea  PoUicia.— Two  small  arteries  which 
run  along  the  borders  of  tbe  dorsal  iispect  of  the  thumb;  they  supply  the  skin,  tendon^ 
and  joints,  and  anastomose  with  the  palmar  digital  arteries. 


Fig.  631.— ScPBBKiciii 
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(2)  DonaliB  Indicis. — A  Blender  artery  which  runs  downwards  on  the  ulnar  he« 
the  first  dorsal  intorosseous  muscle  and  along  the  dorsal  aspect  of  the  radial  border  o 
index-finger. 

(3)  and  (4)  The  metacarpal  or  flnt 
dorsAl  interoseeotifl  and  posterior  radul 
cupal  ariBO  by  a  common  trunk  which 

croases    beneath    the    eiteoBor    longus  1^^^ 

pollicjs. 


dorsaiiB)  descends  on  the  donal  aspect  of  the  BnchUlla 

second  dorsal  interoeseods  muscle,  and  divides  mllcm 

opposite  the  heads  of  the  metacarpal  bones  p_~j 

into  two  digital  branches  which  supply  the  w^ 

adjacent   sidee  of   the  index   and   middle 

fingera.     (6)  The  posterior  carpal  branch 

(ramus  carpeus  dorsalie]  nms  inivards  on  the 

dorsal  carpal  ligaments,  and  in  front  of  the  uin«r 

eit«nsor  tendons,  to   anaatomoae  with   the  [rtJi^ 

posterior  carpal  branch  of  the  ulnar  artery, 

and  to  complete  the  donal  canial  arch  which 

receives  the  terminations  of  the  anterior   Ri 

and   posterior   interoeseoua   arteries.      The  Fleior 

dorsal  carpal  arch  gives  off  the  Mcond  and  niomiidua 

third  dorsal  intsrosseoiu  arteriw  (aa.  meta-  iigiionun 

carpie  dotvales),  which  descend  on  the  dorsal 

aspects  of  the  third  and  fourth  dotsal  in-    p 

lerosseouB  musclea  as  far  as  the  heads  of  riimr'Mttn 

the  metacarpal  bones,  whore  each  divides 

into  two  branches  (aa.  digitales  dorsales),  for  ^  ^ 

the  adjacent  sides  of  the  third  and  fourth  i,t»ros9miu 

and  the  fourth  and  fifth  fingers  respectively.  "tery 

Each  doreal  interosseous  artety  is  con- 
nected with  the  deep  palmar  arch  by  a 
nperior  perforating  oranch  which  passes 

through  the  upper  part  of  the  correspond-  arior 

ing  interosseous  apace,  and   with  a  digitnl  imiiuicating 

branch  from  the  euperficial  palmar  arch  by  "^ 

an  inferior  perfonitmfr  branca  which  passes 
through  the  lower  part  of  the  space. 

Relations  of  the  third  part.— 
The  third  part  of  the  radial  artery  passes 

forwards  between  the  two  beads  of  the  ip  brwKh 

first  dorsal  interosseous  muscle  to  reach  Liii»r«ri«7 

the  palm,  where  it  turns  inwards  beneath    ^ 

the  upper  part  of  the  oblique  adductor  «pp«iiD«r 

muscle  of  the  thumb,  and,  after  passing    „ 

through  the  upper  fibres  of  the  tranverse  m^SImom 

adductor,  or  between  the  adjacent  borders  rteriM 

of  the  oblique  and  transverse  adductors,  it  ^^^^ 

unites  with  the  deep  branch  of  the  ulnar 
artery,  completing  the  deep  palmar  arch. 

Branches  of  the  third  part.— 
(1)  The  princeps  pollicis  (a.  princeps 
pollicis)  branch  is  given  off  as  soon  as  the 
radial  artery  enters  the  palm.  It  runs 
downwards  in  front  of  the  first  metacarpal 
bone,  between  the  oblique  adductor  and 

the  opponens  pollicis,  and  under  cover  of  Fio.  632.  — Dbbp   DiHsurnoN    □i'   thi   Front  or  tub 
the  long  fleior  tendon,  and  divides  near  Pomibm   and  Hand,  showing  th«  radUl  and  ulnar 

the  lower  end  of  the  bono  into  collateral  '^'if',  »■"■  l^'"  '"•»=''*"  ""*  '"«  ^'*P  l"'""  '^^ 

"  ,  ,  .  ,  ,  ■!_        .J  ,  and  itH  brinchei. 

branches  which  run  along  the  sides  of 

the  thumb  and  anastomose  with  the  dorsales  pollicis  arteries, 

(2)  The  r&dialii   Indlcls  (a.  volaris   indicis   radialis)  is   a   branch   which    descends 
between  the  ulnar  head  of  the  first  dorsal  interosseous  muscle  and  the  transverse  adductor 
of  the  thumb.     It  runs  along  the  radial  side  of  the  index-finger  to  its  tip,  supplying  the 
adjacent  tisauea  ;  not  uncommonly  it  anastomoses  with  the  superficial  palmar  arch. 
57 
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The  Ulnar  Artery. 

The  ulnar  artery  (a.  ulnaris,  Figs.  631  and  632)  is  the  larger  terminal  branch,  but 
the  less  direct  continuation  of  the  brachial  artery.  It  commences  in  the  ante-cuhital 
fossa,  opposite  the  neck  of  the  radius,  and  terminates  in  the  palm  of  the  hand, 
where  it  anastomoses  with  the  superficialis  volae  to  form  the  superficial  palmar  arch. 

From  its  origin  it  runs  obliquely  downwards  and  inwards,  beneath  the  muscles 
arising  from  the  internal  condyle,  to  the  junction  of  the  upper  and  middle  thirds  of 
the  forearm,  where  it  comes  into  relation  with  the  ulnar  nerve ;  it  then  desceiula 
vertically,  on  the  radial  side  of  the  ulnar  nerve,  to  the  wrist,  crosses  in  front  of  the 
main  part  of  the  annular  ligaftient  to  the  radial  side  of  the  pisiform  bone,  and 
enters  the  palm  of  the  hand  to  form  the  main  part  of  the  superficial  palmar  arch. 

Relations. — Posterior. — From  above  downwards  it  lies  in  front  of  the  lower  pjirt  of 
the  brachialis  anticus,  the  flexor  profundus  digitorum,  and  the  deep  portion  of  the  anterior 
aninilar  ligament.  Anterior. — In  front  it  is  crossed,  in  the  oblique  part  of  its  course,  by 
the  pronator  radii  teres,  the  median  nerve,  which  is  separated  from  the  artery  by  the  deep 
head  of  the  pronator,  the  flexor  subliniis  digitorum,  the  flexor  carpi  radialis,  and  the 
palmaris  longus.  In  the  middle  third  of  the  forearm  it  is  overlapped  by  the  anterior 
border  of  the  flexor  carpi  ulnaris,  and  in  the  lower  third  it  is  covered  by  skin  and  fascia 
only.  A  sliort  distance  above  the  wrist  the  palmar  cutaneous  branch  of  the  median  nerve 
lies  in  front  of  it,  and  as  it  crosses  the  anterior  annular  ligament,  it  is  bound  down  by  a 
fascial  expansion  from  the  tendon  of  the  flexor  carpi  ulnaris.  Two  venes  comites,  which 
frequently  communicate  with  one  another,  lie  one  on  either  side  of  the  artery.  Lateral.-- 
On  the  radial  side  there  is  also,  in  its  lower  two-thirds,  the  flexor  sublimis  digitorum. 
On  its  ulnar  side  there  are  the  flexor  carpi  ulnaris  and  the  ulnar  nerve. 

Branches. — (1)  The  anterior  nl&ar  recurrent  is  a  small  bitmch  which  arises  in  the 
ante-cubital  fossa,  frequently  in  comnK)n  with  the  posterior  ulnar  recurrent.  It  passes 
upwards  to  the  front  of  the  internal  condyle,  under  cover  of  the  pronator  radii  teres,  arnl 
anastomoses  with  branches  of  the  anastomotic  and  inferior  profunda  arteries. 

(2)  The  posterior  ulnar  recurrent  branch,  larger  than  the  anterior,  arises  in  the 
ante-cubital  fossa,  from  the  inner  side  of  the  ulnar  artery,  and  ascends  on  the  brachialife 
anticus,  and  under  cover  of  the  muscles  which  rise  from  the  internal  condyle  to  the  l>ack 
of  that  prominence,  where  it  passes  between  the  humeral  and  olecranoid  heads  of  the 
flexor  carpi  ulnaris,  and  anastomoses  with  the  inferior  profunda  and  anastomotic  artene^. 
It  gives  branches  to  the  adjacent  muscles  and  to  the  elbow-joint. 

(3)  The  common  interosaeouB  artery  (a.  interossea  communis),  a  short  trunk  which 
springs  from  the  outer  and  back  part  of  the  ulnar  artery  in  the  lower  part  of  the  ante- 
cubital  fossa.  It  passes  backwards  towards  the  upper  border  of  the  interosseous  membrane, 
and  divides  into  anterior  and  posterior  interosseous  branches. 

(3a)  The  anterior  interoaseons  artery  (a.  interossea  volaris)  descends  in  front  of  the 
interosseous  membrane,  between  the  adjacent  borders  of  the  flexor  longus  pollicis  aud  the 
flexor  profundus  digitorum,  to  the  upper  border  of  the  pronator  quadratus,  where  it  pierce> 
the  interosseous  membrane,  and  continues  its  descent,  first  on  the  posterior  surface  of  the 
membrane,  under  cover  of  the  extensor  longus  pollicis  and  extensor  indicis,  aud  then  on 
the  radius,  in  the  groove  for  the  extensor  communis  digitorum,  and  it  terminates  on  the 
back  of  the  carpus  in  the  posterior  carpal  arch.  It  is  accompanied  whilst  in  front  of  the 
interosseous  membrane  by  the  anterior  interosseous  nerve,  and  after  it  has  pierced  the 
membrane,  by  the  posterior  interosseous  nerve. 

Branches. — (a)  Nutrient  to  the  radius  and  ulna;  (b)  Hoscalar  to  the  adjacent  muHltt*: 

(c)  The  anterior  communicating,  a  slender  branch  which  descends  behind  the  pronator  qnadiatud 
and  in  front  of  the  interoBeeoiu?  membrane   to  anastomose  with  the  anterior  carpal  an  li ; 

(d)  Small  anastomotic  branches  are  given  off"  at  the  back  of  the  forearm  to  anastom«»e  with  tin- 
posterior  interosseous  artery ;  (c)  The  comes  nervi  median!  (a.  mediana)  is  a  long  slender  bram  h 
which  rises  from  the  upper  part  of  the  artery  and  descends  in  the  front  of  the  median  ner>'»*  to 
the  palm,  where  it  anastomoses  with  recurrent  branches  of  the  superficial  palmar  arch. 

(36)  The  posterior  interosseous  tnmk  (a.  interossea  dorsalis)  is  usually  smaller  than 
the  anterior  interosseous.  It  passes  backwards  between  the  upper  border  of  the  inter 
osseous  membrane  and  the  oblique  ligament,  and  then  between  the  supinator  brevity  »ii<l 
the  extensor  ossis  mctacarpi  pollicis,  after  which  it  descends  between  the  superficial  a^d 
deep  muscles  on  the  back  of  the  forearm  to  the  wrist,  where  it  anastomoses  with  the 
anterior  interosseous  artery  and  with  the   posterior  carpal   arch.      As   it  croffieu  the 
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t^xtensor  ossis  metacftrpi  pollicia  it  is  accompauied  by  the  posterior  interosseous  iii 

but  iu  the  remainder  of  its  course  it  is  separated  from  the  nerve  by  the  deep  muscles 

Branches. — (a)  A  posterior  isterosMOU  rMoireiit  (n.  interossea  rt-i-uiTens)  brancli  is  givi^ 

arlery  has  passwl  beneath  the  lower 

border  of  tne  supinator  brevis.     It 

ascends  on  tlie  poeterioF  surface  of 

the  supinator  brevis,  under  cover 

of  the  anconeus,  to  the  back  of  the  ^' 

t-xltruat  coiwiyle  of  the  humerus,  ]„„ 

where    it    auastumuses    with    the 

pi»terior   terminal  branch   of  the 

superior   profunda   and    with 

liranches  of  tlie  anastomotic  artery. 

(ft)  HascnlarbnocliM  to  bothsuper-  '"^^ 

ficial  and  deep  muscles  ou  the  back  aih- 

of  the  forearnu     (f)  Cutaneoas 

bnuichss  lo  the  skiu  un  the  bark  of  '"'' 

the  forearm  and  the   batk  of  the  ,^^ 

(4)  The  anterior  nliur  carpal  aup""!"' 
(ramus  carpeus  volaria),  a  small  Fnaterinr                                                                              '-*n 
branch  given  off  above  the  an-  "'"«"»'«i                                                                     "" 
terior  annular  ligament;  it  passes  i>a,t«riar                                                                      <"• 
outwards  btsneath  the  flexor  ten-  wmwiu 

douB  and  thoir  sheaths  on  the  t-i'itir                                                                     -nai 

anterior   surface   of   the   carpal  " 
ligaments,  and  anastomoses  with 

the  anterior  carpal  branch  of  the  ^J!{ 

radial  to  form  the  anterior  carpal  Bii*'ii,r>i 

(5)  ThepostOTiorolnaroarpal  ^ 
braiieh  (ramua  carpeus  doraalis) 

arisea  from  the  back,  of  the  inner  '"^' 

aide   of   the    ulnar   artery   just 
above    the    pisiform    bone.      It        Antcriar 

passes    backwards    under   cover         "»"»««  ^^^^^ 

of  the  fleior  and  eitenaor  carpi        ^^^^J 
uloaris  muscles  to  the  baek  oF 
the  carpus,  where  it  unites  with 
the   posterior  carpal  branch  of       I'agtcnot 

the  radml  to  form  the  posterior  '"» 

carpal  arch. 

(6)  Proftmda  (ramus  volaris        ,„^^'l'  »  p 
profundus). — This    branch    de-           uumr 
scends  between  the  abductor  and       "mwkii  m 
lleior  brevis  minimi  digit),  and, 
turning  outwards   beneath    the 
flexor  brevis,  theopponens  minimi 
digiti,  and  the  flexor  tendons  and 
their  sheaths,  joins  the  termina- 
tion of  the  radial  artery  to  com- 
plete the  deep  palmar  arch.  '• '' 

Thb  Abtkkul  Arches  of 
TUB  Wrist  akd  Hand. 

Anterior  Carpal  Arch  su 
(Fig.  632).  —  The  anterior 
carpal  arch  lies  oa  the  front  of  the  carpus  behind  the  flexor  tt^ndous  and  their 
synovial  Bhe;iths.  It  ia  formed  by  the  uaiou  of  the  anterior  Gar|)al  briinchis  of  the 
radial  and  ulnar  arteries,  and  it  rceyives  the  coinniuQicatinj,'  branch  from  the 
iiaterior  interosseous  artery  above  and  recurrent  branches  from  tli3  deep  palmar 
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arch  below.  The  branches  of  difitribution  which  pass  from  it  supply  the  ligaments 
and  synovial  membranes  of  the  wrist  and  of  the  intercarpal  and  carpo-metacarpal 
joints. 

Posterior  or  Dorsal  Carpal  Arch  (Fig.  633). — This  arch  lies  on  the  posterior 
carpal  ligaments  under  cover  of  the  extensor  tendons  and  their  sheaths.  It  is 
formed  by  the  union  of  the  dorsal  carpal  branches  of  the  radial  and  ulnar  arteries, 
and  receives  the  terminations  of  the  anterior  and  posterior  interosseous  arteries. 

Branches. — (a)  Articular  to  the  adjacent  articulations.  (6)  Dorsal  interosseous, 
two  slender  branches  which  run  downwards  on  the  third  and  fourth  dorsal  interosseous 
muscles  to  the  clefts  of  the  fiugers,  where  each  divides  into  collateral  branches.  They 
communicate  near  their  origins  with  the  deep  palmar  arch  by  the  superior  perforating 
arteries,  and  near  their  terminations  with  the  palmar  digital  vessels  through  the  inferior 
perforating  arteries.  Their  collateral  terminal  branches  run  downwards  on  the  dorso- 
lateral aspects  of  the  fingers  which  bound  the  third  and  fourth  interosseous  spaces,  and 
they  anastomose  with  the  collateral  digital  branches  of  the  palmar  digital  arteries. 

Superficial  Palmar  Arch  (arcus  vokris  superficialis,  Fig.  631). — This  arterial 
arch  includes  the  terminal  portion  of  the  ulnar  artery,  and  is  usually  completed 
externally  by  the  superficialis  volae,  or  sometimes  by  the  radialis  indicia,  or  the 
princeps  polhcis.  It  extends  from  the  ball  of  the  little  finger  to  the  inner  border 
of  the  superficial  head  of  the  flexor  brevis  pollicis,  and  reaches  as  low  down  as  a 
line  drawn  across  the  palm  at  the  level  of  the  lower  border  of  the  fully  abducted 
thumb.  It  is  covered  by  the  integuments  and  the  central  portion  of  the  palmar 
fascia,  and,  on  the  ulnar  side  of  the  palm,  by  the  palmaris  brevis,  and  it  is 
accompanied  by  venae  comitea  It  is  in  contact  behind  with  the  flexor  brevis  and 
opponens  minimi  digiti,  and  with  the  digital  branches  of  the  ulnar  and  median 
nerves,  as  well  as  with  the  flexor  tendons  and  the  lumbrical  muscles. 

Branches- — Four  digital  arteries  (aa.  digi tales  volares  communes)  arise  from  the 
convexity  of  the  arch.  The  innermost  descends  along  the  ulnar  border  of  the  little  finger, 
accompanied  by  the  internal  digital  branch  of  the  ulnar  nerve ;  the  outer  three  pass  down- 
wards superficial  to  the  digital  nerves,  along  the  middle  of  the  three  inner  interosseous 
spaces  towards  the  interdigital  clefts,  just  above  which  each  digital  artery  divides  into 
two  collateral  digital  arteries  (aa.  digitales  volares  proprise),  which  supply  the 
contiguous  sides  of  the  fingers  bounding  the  cleft.  As  the  collateral  digital  branches 
descend  along  the  sides  of  the  fingers  they  lie  superficial  to  the  corresponding  digital 
nerves,  and  supply  branches  to  the  joints,  to  the  flexor  tendons  with  their  sheaths,  and  to 
the  skin  and  subcutaneous  tissues  on  the  palmar  surface ;  they  also  send  backwards  dorsal 
branches  which  anastomose  with  the  dorsal  digital  arteries  and  supply  the  tissues  on  the 
dorsal  aspects  of  the  second  and  terminal  phalanges.  Some  of  the  backwardly-directed 
branches  form  a  plexus  in  the  matrix  of  the  nail.  In  the  pulp  of  the  finger-tips  anasto- 
mosing twigs  join  to  form  arches  from  which  numerous  branches  are  given  off  to  the  skin 
and  subcutaneous  fat. 

Each  of  the  outer  three  digital  arteries  is  joined  immediately  above  its  division  by  a 
palmar  interosseous  branch  from  the  deep  palmar  arch  and  an  inferior  communicating 
artery  from  a  dorsal  interosseous  artery.  The  innermost  digital  artery  is  joined  by  a 
branch  which  comes  either  from  the.  inner  palmar  interosseous  artery  or  from  the  deep 
palmar  arch. 

Deep  Palmar  Arch  (arcus  volaris  profundus,  Fig.  632). — The  deep  pahuar 
arch  extends  from  the  base  of  the  metacarpal  bone  of  the  little  finger  to  the  up}^r 
end  of  the  first  interosseous  space,  and  is  formed  by  the  terminal  part  of  the  radial 
artery,  anastomosing  with  the  deep  branch  of  the  ulnar.  It  is  from  half  to  three 
quarters  of  an  inch  (12  to  18  muL)  above  the  level  of  the  superficial  palmar  arch,  and 
it  Ues  deeply  in  the  palm,  in  contact  with  the  bases  of  the  metacarpal  bones  and 
their  ligaments  and  on  the  origin  of  the  interossei  muscles ;  it  is  under  cover  of  the 
flexor  tendons  and  their  synovial  sheaths. 

Branches. — (c^)  The  superior  perforating  (rami  perforantes) ;  three  small  arten<» 
which  pass  backwards  through  the  inner  three  interosseous  spaces,  and  between  the  origins 
of  the  dorsal  interossei  muscles.  They  anastomose  on  the  dorsum  of  the  hand  with  the 
dorsal  interosseous  arteries. 
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(6)  Small  irregular  recurrent  branches  pass  upwards  and  unite  with  the  anterior 
carpal  arch. 

(c)  The  articular  to  the  adjacent  articulations. 

(d)  The  palmar  interosseons  arteries  (aa.  metacarpesD  volares)  are  three  vessels  which 
pass  downwards  on  the  interosseous  muscles  of  the  three  inner  spaces  and  under  cover  of 
the  flexor  tendons.  They  terminate  by  anastomosing  with  the  palmar  digital  arteries  just 
before  the  latter  vessels  divide  into  collateral  branches. 

(e)  The  commnnicating,  a  small  irregular  branch  which  passes  inwards  between  the 
flexor  tendons  and  the  short  muscles  of  the  little  finger  to  anastomose  with  the  innermost 
palmar  digital  artery. 

BRANCHES  OF  THE  DESCENDING  THORACIC  AORTA 

The  branches  given  off  from  the  thoracic  portion  of  the  descending  aorta  are 
distributed  chiefly  to  the  walls  of  the  thorax  and  to  the  thoracic  viscera.  They 
contribute  also  to  the  supply  of  the  spinal  cord  and  its  membranes,  and  to  that 
of  the  vertebral  column  and  of  the  upper  part  of  the  abdominal  wall.  The 
branches,  which  are  numerous  and  for  the  most  part  arranged  in  pairs,  are  as 
follows : — 

(Intercostal.  TBronchial. 

Subcostal.  Visceral  J  ^^sophageal. 

Diaphragmatic.  Visceral.  ^  pericardial. 
The  vas  aberrans.  (^Mediastinal. 

Parietal  Branches  of  the  Descending  Thoracic  Aorta. 

1.  Intercostal  Arteries  (a.  intercostales).  —  There  are  nine  pairs  of  aortic 
intercostal  arteries.  They  usually  arise  separately,  though  not  uncommonly 
a  pair  may  take  origin  by  a  common  trunk  from  the  back  of  the  aorta,  and 
are  distributed  to  the  lower  nine  intercostal  spaces,  to  the  spinal  column,  to 
the  contents  of  the  spinal  canal,  and  to  the  muscles  and  skin  of  the  back. 
The  first  three  on  each  side  also  give  branches  to  the  mammary  gland. 
The  arteries  of  opposite  sides  closely  correspond,  but,  since  the  aorta  in  the 
thoracic  region  lies  on  the  left  side  of  the  spinal  column,  the  right  intercostal 
arteries  cross  the  front  of  the  vertebral  column,  behind  the  oesophagus,  the  thoracic 
duct,  and  the  vena  azygos  major,  and  are  longer  than  the  left  arteries.  In  other 
respects  the  course  of  all  the  aortic  intercostal  arteries  is  almost  identical.  They 
run  outwards  and  backwards  on  the  sides  of  the  bodies  of  the  vertebrae  to  the  inter- 
costal spaces,  passing  behind  the  pleura,  and  being  crossed,  opposite  the  heads  of 
the  ribs,  by  the  sympathetic  cord.  The  lower  arteries  are  also  crossed  by  the 
splanchnic  nerves,  and  those  on  the  left  side  are  in  addition  crossed  by  the  smaller 
azygos  veins.  On  reaching  an  intercostal  space  each  artery  runs  upwards,  some- 
times behind,  sometimes  in  front  of  the  corresponding  intercostal  nerve,  to  the 
upper  border  of  the  space,  along  which  it  is  continued  in  the  subcostal  groove.  It 
lies  at  first  between  the  pleura  and  the  posterior  intercostal  membrane,  immediately 
below  the  intercostal  nerve ;  it  then  pierces  the  intercostal  membrane,  and  runs 
between  it  and  the  external  intercostal  muscle  as  far  as  the  angle  of  the  rib, 
beyond  which  it  is  continued  forward  between  the  internal  and  external  intercostal 
muscles.  In  the  subcostal  groove  the  artery  lies  between  the  corresponding  vein 
above  and  the  intercostal  nerve  below,  and  it  terminates  in  front  by  anastomosing 
with  an  anterior  intercostal  branch  of  the  internal  mammary  or  of  the  musculo- 
phrenic artery.  The  lower  two  intercostal  arteries  on  each  side  extend  beyond 
their  spaces  to  the  abdominal  wall,  and  anastomose  with  branches  of  the  superior 
epigastric,  subcostal,  and  lumbar  arteries. 

Branches. — (a)  Dorsal  (ramus  posterior). — As  each  artery  enters  its  intercostal 
space  it  gives  off  a  posterior  or  dorsal  branch  which  passes  backwards,  accompanied  by 
the  posterior  primary  division  of  a  spinal  nerve,  internal  to  the  superior  costo-transverse 
ligament,  between  the  necks  of  the  ribs  which  bound  the  space,  and  between  the 
adjacent  transverse  processes,  to  the  vertebral  groove,  where  it  divides  into  internal  and 
external  terminal  branches.     The  internal  branch  (ramus  cutaneus  medialis)  passes  back- 
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wards  and  inwards  either  over  or  through  the  multifidus  spinse,  giving  branches  to  the 
muscles  between  which  it  passes  and  to  the  vertebral  column.  The  external  branch  (ramub 
cutaneus  lateralis)  runs  outwards  under  cover  of  the  longissimus  dorsi  to  the  interval 
between  it  and  the  musculus  accessorius.  It  terminates  in  the  skin  of  the  back,  after  giving 
branches  to  the  adjacent  muscles.  A  spinal  bratich  (ramus  spinalis)  from  each  dorsal  arten* 
passes  through  the  corre8|)onding  intervertebral  foramen,  and  enters  the  spinal  canal,  to 
the  contents  and  walls  of  which  it  is  distributed.  It  divides  into  three  branches — neural, 
post-central,  and  pre-laminar.  The  neural  branch  divides  into  two  branches  which  run 
inwards  on  the  roots  of  the  spinal  nerve,  pierce  the  dura  mater  and  arachnoid,  and  divide 
into  branches  some  of  which  pass  to  the  membranes  of  the  cord,  whilst  others  are  continued 
on  to  reinforce  the  dorsal  and  ventral  spinal  arteries.  The  post-central  branch  divides  into 
ascending  and  descending  bmnches  which,  anastomosing  with  similar  branches  above  and 
below,  form  a  series  of  vertical  arches  on  the  back  of  the  bodies  of  the  vertebrae.  The 
arches  of  opposite  sides  are  connected  by  short  transverse  anastomoses.  The  pre4aminnr 
branch  is  small,  and  its  ascending  and  descending  branches  are  distributed  in  a  similar 
though  less  regular  manner  on  the  posterior  wall  of  the  spinal  canal. 

(b)  A  collateral  branch  springs  from  the  trinik  of  each  intercostal  artery  near  the 
angle  of  the  rib.  It  descends  to  the  lower  border  of  the  intercostal  space,  along  which  it 
nms  forwards  to  anastomose  in  front,  like  the  intercostal  artery  itself,  with  a  separate 
anterior  intercostal  branch  of  the  internal  mammary  or  musculo-phrenic  artery.  The 
collateml  branches  of  the  lower  two  intercostal  arteries  on  each  side  are  inconstant ; 
when  present  they  are  small,  and  terminate  in  the  abdominal  wall. 

(c)  Muscular  branches  (rami  musculares)  to  tlie  adjacent  muscles  are  given  olT  both 
by  the  main  trunk  and  its  collateral  branch. 

(cQ  A  lateral  cutaneous  (ramus  cutaneus  lateralis)  offset  from  the  intercostal  artery 
accompanies  the  lateral  cutaneous  branch  of  the  intercostal  nerve. 

In  addition  to  the  above-named  branches  the  first  aortic  intercostal  on  each  side 
anastomoses  with  the  superior  intercostal,  and  may  supply  the  whole  or  the  greater  \yari  of 
the  second  intercostal  space,  and  the  fii-st  right  aortic  intercostal  frequently  gives  origin  to 
the  right  bronchial  artery.  The  upper  three  or  four  aortic  intercostals  on  each  side  give 
branches  to  the  mammary  gland  which  anastomose  with  branches  of  the  long  thoracic  and 
internal  mammary  arteries.  Longitudinal  anastomoses  between  adjacent  iutercoetal  arteriej^ 
and  their  dorsal  branches  sometimes  exist  near  the  necks  of  the  ribs,  or  near  the  transverse 
processes.     These  longitudinal  anastomoses  are  of  considerable  morphological  interest. 

2.  The  subcostal  arteries  are  the  last  pair  of  parietal  branches  given  off  from  the 
thoracic  aorta.  They  are  in  series  with  and  are  very  similar  to  the  aortic  intercostiil 
arteries,  but  are  situated  below  the  last  ribs.  Each  runs  along  the  lower  border  of 
the  twelfth  rib  in  company  with  the  last  dorsal  nerve.  It  passes  beneath  the  liga- 
mentum  arcuatum  externum  to  the  abdomen,  and  there  crosses  in  front  of  the  quad- 
ratus  lumboriim,  and  behind  tlie  kidney  and  the  adjacent  part  of  the  colon.  It 
next  pierces  the  aponeurosis  of  origin  of  the  trausversalis  abdominis,  and  runs 
between  the  transversalis  and  the  internal  oblique  muscles,  anastomosing  with  the 
lower  intercostal  arteries,  with  the  lumbar  arteries,  and  with  branches  of  the 
superior  epigastric  artery. 

3.  Diaphragmatic  branches  (aa.  phrenicie  superiores)  are  given  off  from  the 
lower  part  of  the  thoracic  aorta.  They  are  small  vessels  which  ramify  on  the 
upper  surface  of  the  diaphragm,  and  anastomose  with  branches  of  the  superior 
phrenic  and  musculo-phrenic  arteries. 

4.  The  vas  aberrans  is  a  variable  and  inconstant  branch  of  the  thoracic  aorta ; 
it  represents  the  dorsal  roots  of  the  fourth  and  fifth  right  aortic  arches  of  the 
embryo.  When  present  it  arises  from  the  front  and  right  side  of  the  upper  part  nf 
the  main  trunk  near  the  upper  bronchial  artery,  and  passes  upwards  and  to  the 
right  behind  the  resophagus;  it  frequently  anastomoses  with  the  right  superior 
intercostal  artery,  and  it  may  be  enlarged  and  form  the  first  part  of  the  right 
subclavian  artery. 

Visceral  Branches  of  the  Descending  Thoracic  Aorta. 

1.  The  bronchial  branches  (aa.  bronchiales)  of  the  thoracic  aortic  are  usually 
two  in  number- — an  upper  and  a  lower — and  both  pass  to  the  left  lung.  The  uy]>fr 
left  bronchial  artery  arises  from  the  front  of  the  main  trunk  opposite  the  tilth 
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dorsal  vertebra;  the  im/erior  left  bronchial  artery  usually  takes  origin  near  the 
lower  border  of  the  left  bronchus.  Both  vessels  are  directed  downwards  and  out- 
wards to  the  back  of  the  bronchus,  which  they  accompany,  and,  dividing  similarly, 
they  follow  its  ramifications  in  the  lung.  They  not  only  supply  the  walls  of  the 
bronchial  tubes  and  the  substance  of  the  lungs,  but  also  give  branches  to  the 
bronchial  glands,  the  pulmonary  vessels,  the  pericardium,  and  the  oesophagus. 

As  a  rule  there  is  only  one  right  bronchial  artery,  and  it  arises  from  the  first 
right  aortic  intercostal  artery ;  but  it  not  uncommonly  arises  from  the  upper  left 
bronchial  artery,  and  more  rarely  it  springs  directly  from  the  aorta.  In  its  course 
and  distribution  it  corresponds  to  the  bronchial  arteries  of  the  left  side. 

2.  The  oesophageal  branches  (aa.  a3sophage{B)  are  variable;  usually  four  or 
five  small  branches  spring  from  the  front  of  the  aorta  and  pass  forwards  to  the 
oesophagus,  in  the  walls  of  which  they  ramify,  anastomosing  above  with  branches 
of  the  left  bronchial  and  inferior  thyroid  arteries,  and  below  with  oesophageal 
branches  of  the  coronary  and  phrenic  arteries. 

3.  The  pericardial  branches  (rami  pericardiaci)  consist  of  three  or  four  small 
irregular  vessels  which  are  distributed  on  the  surface  of  the  pericardium. 

4.  Small  mediastinal  branches  (rami  mediastinales)  pass  to  the  areolar  tissue 
and  glands  in  the  posterior  mediastinal  space,  and  to  the  posterior  pait  of  the 
diaphragm. 

BRANCHES  OF  THE  ABDOMINAL  AORTA. 

The  branches  of  the  abdominal  portion  of  the  aorta  are  distributed  almost 
entirely  to  the  walls  and  contents  of  the  abdominal  cavity,  but  some  also  supply 
small  branches  to  the  vertebral  column,  and  to  the  contents  of  the  spinal  canal,  and 
others  are  prolonged  into  the  pelvis.  They  are  divisible  into  parietal  and  visceral 
groups,  both  of  which  include  paired  and  single  (unpaired)  vessels. 


Parietal 


(r Inferior  phrenic. 
Paired.  ^  Lumbar. 
(Common  iliac. 
Single.   Middle  sacral. 


Visceral. 


r  Suprarenal. 
Paired,  j  Renal. 

I  Spermatic  or  ovarian. 

f  Coeliac  axis. 
Single.  I  Superior  mesenteric. 

[inferior  mesenteric. 


Pakiktal  Branches  of  the  Abdominal  Aorta. 

1.  The  inferior  phrenic  arteries  (aa.  phrenica3  inferiores.  Fig.  634)  are  two 
in  number,  and  are  of  small  size;  they  arise,  either  separately  or  by  a  common 
trunk,  from  the  aorta,  immediately  below  the  diaphragm  on  the  under  surface 
of  which  they  are  distributed.  Diverging  from  its  fellow,  each  artery  runs 
upwards  and  outwards  on  the  corresponding  crus  of  the  diaphragm — that  on  the 
right  side  passing  behind  the  inferior  vena  cava,  that  on  the  left  behind  tlie  oeso- 
phagus— and  just  before  reaching  the  central  tendon  of  the  diaphragm  it  divides 
into  internal  and  external  terminal  branches.  The  internal  branch  of  each  artery 
runs  forward  and  anastomoses  with  its  fellow  of  the  opposite  side,  forming  an  arch, 
convex  forwards,  along  the  front  of  the  central  tendon  of  the  diaphragm.  Offsets 
from  this  arch  anastomose  with  the  superior  phrenic,  musculo-phrenic,  and  internal 
mammary  arteries.  The  external  branch  passes  outwards  towards  the  lower  ribs, 
and  anastomoses  with  the  musculo-phrenic  and  lower  intercostal  arteries. 

In  addition  to  supplying  the  diaphragm  each  inferior  phrenic  artery  frequently 
gives  a  Bnperior  capsular  branch  to  the  suprarenal  body. of  its  own  sidt^  and  occasion- 
ally small  hepatic  branches  pass  through  the  coronary  ligament  to  the  liver. 
Further,  the  left  artery  gives  branches  to  the  oesophagus  which  anastomose  with 
oesophageal  branches  of  the  aorta  and  of  the  coronary  artery,  whilst  from  the  artery 
of  the  right  side  minute  branches  pass  to  the  inferior.vena  cava. 

2.  The  lumbar  arteries  (aa.  lumbalcs)  correspond  to  the  intercostal  branches  of 
the  thoracic  aorta.  They  are  in  series  with  them,  their  distribution  is  very  similar, 
and,  like  the  intercostals,  they  arise,  either  separately  or  by.common  trunks,  from 
the  back  of  the  aorta. 
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There  are  usually  four  pairs  of  lumbar  arteries,  but  occasionally  a  fifth  pair 
arises  from  or  in  commoD  with  the  middle  sacral  artery. 

From  their  origins  the  lumbar  arteries  pasa  backwards  and  outwards  on  ihti 
front  and  sides  of  the  bodies  of  the  upper  four  lumbar  vertebne  to  the  intervals 
between  the  adjacent  transverse  processes,  beyond  which  they  are  continued  in  the 
abdominal  walL 

They  lie  on  the  bodies  of  the  corresponding  lumbar  vertebrse.     In  their  back* 


iRirtor  pknuie 
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ward  course,  and  while  still  in  relation  with  the  vertebral  bodies,  each  arter)'  is 
crossed  by  the  sympatlietic  cord,  and  then,  after  passing  internal  to  and  being  pro- 
tected by  the  fibrous  arclies  from  which  ttie  muscle  arises,  it  runs  behind  the  psoa.* 
muscle  and  the  lumbar  plexus.  The  upper  two  arteries  on  each  side  also  pass  behind 
the  crura  of  the  diaphragm.  Beyond  the  interval  between  the  transverae  procesaes  of 
the  vertebne  each  artery  turns  outwards  aud  crosses  the  quadratna  lumbormn — the 
last  usually  passing  in  front  of,  and  the  others  behind  the  muscle ;  it  then  pierces 
the  aponeurosis  of  origin  of  the  transversalis,  and  proceeds  forwards  in  tbe  lateral 
abdominal  wall  in  the  interval   between  the  transversalis  and   internal   oblique 
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muscles.  The  lumbar  arteries  anastomose  with  one  another,  with  the  lower  inter- 
costal and  subcostal  arteries,  and  with  branches  of  the  superior  and  deep  epigastric 
and  of  the  deep  circumflex  iliac  and  ilio-lumbar  arteries. 

Fine  twigs  also  pass  from  the  lumbar  arteries  to  the  extra-peritoneal  fat,  and 
anastomose  with  corresponding  branches  from  the  inferior  phrenic  and  ilio-lumbar 
arteries,  and  with  small  branches  from  the  hepatic,  renal,  and  colic  arteries,  to  form 
the  subperitoneal  plexus  of  Turner. 

The  abdominal  aorta  lies  but  little  to  the  left  of  the  middle  line,  and  con- 
sequently the  right  lumbar  arteries  are  scarcely  longer  than  the  left.  On  the  right 
side  the  arteries,  which  near  their  origins  lie  more  in  front  of  the  vertebral  bodies, 
pass  behind  the  inferior  vena  cava,  the  upper  two  arteries  being  separated  from  this 
vessel  by  the  right  crus  of  the  diaphragm.  The  upper  two  right  arteries  abo  pass 
behind  the  receptaculum  chyli  and  the  lower  end  of  the  large  azygos  vein. 

Branches. — Dorsal  (ramus  dorsalis). — Each  lumbar  artery  gives  off,  opposite  the 
interval  between  the  vertebral  transverse  processes,  a  dorsal  branch  of  considerable  size. 
It  is  analogous  with  and  distributed  like  the  corresponding  branch  of  an  aortic  intercostal 
artery  (p.  837).  Mnscular  branches  are  given  off,  both  from  the  main  trunk  and  its 
dorsal  branch,  to  the  adjacent  muscles. 

3.  The  middle  sacral  artery  (a.  sacralis  media.  Fig.  634)  is  a  single  median 
vessel  It  is  commonly  regarded  as  a  caudal  aorta  and  as  the  direct  continuation 
of  the  abdominal  aorta.  It  is,  however,  of  small  size,  and  almost  invariably  arises 
from  the  back  of  the  aorta  about  half-an-inch  above  its  bifurcation.  It  descends 
in  front  of  the  two  lower  lumbar  vertebra  and  of  the  sacrum  and  coccyx,  and  ends 
opposite  the  tip  of  the  last-named  bone  by  anastomosing  with  the  lateral  sacral  arteries 
to  form  a  loop  from  which  branches  pass  to  the  coccygeal  body.  In  its  course  it 
passes  at  first  behind  the  lower  part  of  the  abdominal  aorta.  Opposite  the  fifth 
lumbar  vertebra  it  is  crossed  by  the  left  common  iliac  vein,  below  which  it  is 
covered  by  peritoneum  and  coils  of  small  intestine  as  far  as  the  third  sacral  seg- 
ment, and  in  the  rest  of  its  extent  by  the  rectum.  It  is  accompanied  below  by 
venae  comites,  which,  however,  unite  above  to  form  a  single  middle  sacral  vein. 

Small  parietal  branches  pass  transversely  outwards  on  each  side  to  the  last 
lumbar  vertebra  and  to  the  sacrum.  They  anastomose  with  the  lateral  sacral 
arteries,  and  they  usually  give  off  small  spinal  offsets  which  enter  the  anterior 
sacral  foramina.  Small  and  irregular  visceral  branches  pass  to  the  rectum  and 
anastomose  with  the  superior  and  middle  haemorrhoidal  arteries. 

COMMON  ILIAC  ARTERIES. 

4.  The  common  iliac  arteries  (aa.  iliacae  communes.  Figs.  634  and  640)  are 
the  terminal  branches  of  the  abdominal  aorta.  They  are  formed  by  the  bifurcation 
of  the  main  trunk,  and  commence  opposite  the  middle  of  the  body  of  the  fourth 
lumbar  vertebra  a  Uttle  to  the  left  of  the  middle  Une.  Each  artery  passes  down- 
w^ards  and  outwards  across  the  bodies  of  the  fourth  and  fifth  lumbar  vertebrse 
and  the  intervening  intervertebral  disc,  and  terminates  at  the  level  of  the  lumbo- 
sacral articulation  and  in  front  of  the  corresponding  sacro-iliac  joint  by  dividing 
into  the  internal  and  external  iliac  arteries. 

The  direction  of  each  common  iliac  is  well  indicated  by  a  Une  drawn  from  the 
bifurcation  of  the  aorta  to  a  point  midway  between  the  symphysis  pubes  and  the 
anterior  superior  spine  of  the  ilium. 

The  angle  included  between  the  two  diverging  trunks  is  about  60"*  in  the  male 
and  about  68°  in  the  female. 

The  right  artery  is,  for  obvious  reasons,  a  little  longer  than  the  left ;  the  former 
is  about  two  inches,  and  the  latter  one  and  three-quarter  inches  in  length. 

Relations. — Anterior, — Both  arteries  are  covered  anteriorly  by  peritoneum,  and  are 
separated  by  it  from  coils  of  the  small  intestine.  Communicating  branches  between  the 
aortic  and  hypogastric  plexuses  of  the  sympathetic  pass  in  front  of  the  arteries,  each  of  which 
is  also  crossed  anteriorly  near  its  termination  by  the  corresponding  ureter. 

The  left  artery  is  in  addition  crossed  in  front  by  the  superior  heemorrhoidal  vessels. 
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Posterior, — Behind  the  artery  of  each  aide  are  the  bodies  of  the  fourth  and  fifth 
lumbar  vertebrse,  with  the  intervertebral  disc  above  the  latter,  the  psoas  muscle,  the 
sympathetic  cord.  These  relationships,  however,  are  much  closer  on  the  left  side  tbnu 
on  the  right.  The  right  common  iliac,  except  at  its  lower  end,  where  it  is  in  contact  witli 
the  psoas,  is  separated  from  the  structures  named  by  the  terminations  of  the  right  and 
left  common  iliac  veins  and  the  commencement  of  the  inferior  vena  cava.  The  left 
common  iliac,  whicli  is  not  so  separated,  lies  on  the  inner  border  of  the  psoas.  Somewhat 
deeply  placed  in  the  areolar  tissue  between  the  psoas  and  the  luml)ar  vertebnu,  the 
obturator  nerve,  the  lun\bo-sacral  cord,  and  the  ilio-lumbar  artery  form  posterior  relations 
to  the  artery  of  the  corresponding  side. 

Lateral. — On  both  sides  of  each  artery  are  coils  of  small  intestine.  The  commence- 
ment of  the  inferior  vena  cava  lies  to  the  outer  side  of  the  upper  part  of  the  right  artery, 
and  on  the  inner  side  of  this  vessel  are  the  right  common  iliac  vein  below  and  the  left 
common  iliac  vein  above.     The  last-named  vein  lies  on  the  inner  side  of  the  left  arterv. 

Thb  Paired  Visceral  Branches  of  the  Abdominal  Aorta. 

1.  Suprarenal  or  Capsular  Arteries  (aa.  suprarenales,  Fig.  634). — There  are 
three  sets  of  suprarenal  arteries — the  superior,  middle,  and  inferior.  Of  these  the 
middle  only  arise  from  the  aorta  direct;  the  superior  spring  from  the  inferior 
phrenic,  and  the  inferior  from  the  renal  arteries. 

The  middle  suprarenal  arteries  are  two  small  branches  which  arise,  behind  the 
pancreas,  from  the  sides  of  the  aorta,  close  to  the  origin  of  the  superior  mesenteric 
artery.  They  run,  one  on  each  side,  outwards  and  upwards  upon  the  crura  of  the 
diaphragm,  and  just  above  the  renal  arteries,  to  the  suprarenal  bodies  to  which  thfv 
are  distributed,  and  they  anastomose  with  the  superior  and  inferior  suprarenal 
arteries. 

2.  Renal  Arteries  (aa.  renales.  Fig.  634). — The  renal  arteries  arise,  one  on 
each  side,  from  the  aorta,  about  half-an-inch  below  the  origin  of  the  superior 
mesenteric  artery  and  opposite  the  second  lumbar  vertebra. 

Both  arteries  are  of  large  size,  and  the  right,  which  is  a  little  longer  than  the 
left,  is  frequently  slightly  lower  in  position.  Each  artery  runs  almost  transversely 
outwards  to  the  hilum  of  the  corresponding  kidney.  It  passes  in  front  of  the  cms 
of  the  diaphragm  and  of  the  upper  part  of  the  psoas  muscle.  The  left  artery  hes 
behind  the  pancreas;  the  right  vessel  passes  behind  the  inferior  vena  cava,  the 
head  of  the  pancreas,  and  the  second  part  of  the  duodenum.  The  renal  vein 
usually  lies  below  and  in  front  of  the  artery,  but  near  the  kidney  the  vein  not  un- 
frequently  occupies  a  posterior  position. 

On  reaching  the  hilum  of  the  kidney  each  artery  divides  into  three  branches, 
two  of  which  pass  in  front  of  the  pelvis  of  the  ureter,  and  between  it  and  the  renal 
vein,  and  the  third  behind  the  pelvis.  In  the  renal  sinus  these  primary  branchej^ 
break  up  into  numerous  secondary  branches  which  enter  the  kidney  substance 
between  the  pyramids. 

Branches. — The  following  branches  are  given  oflf  by  each  renal  artery,  in  addition  to  tin- 
terminal  branches  : — 

ia)  Inferior  suprarenal  (a.  euprarenalis  inferior),  which  iiaases  upwards  to  the  lower  part  of 
the  suprarenal  body. 

(6)  UreteraL — Small  branches  to  the  upper  part  of  the  ureter,  which  anastomose  with  branch*- 
of  the  spermatic  or  ovarian  arteries. 

(c)  ^PerirenaL  Small  branches  to  the  fatty  capsule  of  the  kidiiey,  which  anastomose  with  the 
lumbar  arteries. 

{d)  Glandular  oifsets,  either  from  the  main  trunk  or  from  some  of  its  branches,  pass  Xo  tbf 
renal  and  lumbar  glandn. 

3.  Spermatic  Arteries  (aa.  spermaticse  internae). — The  spermatic  arteries  io 
the  male,  and  the  corresponding  ovarian  arteries  (aa.  ovaricae)  in  the  female,  are  two 
long  slender  vessels,  one  on  the  right  side  and  one  on  the  left,  which  arise  from  the 
front  of  the  abdominal  aorta,  a  short  distance  below  the  origins  of  the  renal  arteries. 

Each  spermatic  artery  runs  downwards  and  outwards  to  the  internal  abdominal 
ring ;  it  then  traverses  the  inguinal  canal,  and  consequently  takes  a  downward  and 
inward  course.  On  emerging  from  the  canal,  through  the  external  abdominal  ring, 
it  enters  the  scrotum,  in  which  it  descends,  almost  vertically,  but  in  a  tortuous 
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maimer,  to  end  immediately  above  the  testicle  by  dividing  into  testicular  and 
epididymal  branches. 

Relations. — In  the  abdominal  cavity  the  arteries  lie  behind  the  peritoneum,  to 
which  they  are  closely  attached,  and  in  front  of  the  psoas  muscles.  The  right  artery  is 
also  in  front  of  the  inferior  vena  cava.  Each  artery  descends  in  front  of  the  ureter,  the 
genito-crural  nerve,  and  the  lower  end  of  the  external  iliac  artery  of  its  own  side,  and  is 
accompanied  by  two  spermatic  veins  which  unite  above  into  a  single  trunk.  The  anterior 
relations  differ  on  the  two  sides.  The  right  artery  lies  behind,  and  is  crossed,  by  the  ileo- 
colic, the  right  colic,  and  the  terminal  branches  of  the  superior  mesenteric  artery,  and  by 
the  third  part  of  the  duodenum,  the  termination  of  the  ileum,  and  the  vermiform  appendix. 
The  left  artery  is  crossed  in  front  by  the  left  colic  and  sigmoid  branches  of  the  inferior 
mesenteric  artery  and  by  the  iliac  colon. 

At  the  internal  abdominal  ring  the  spermatic  artery  comes  into  relation,  at  its  inner 
side,  with  the  vas  deferens.  The  two  structures  run  together  round  the  outer  and  anterior 
aspects  of  the  deep  epigastric  artery  to  the  inguinal  canal. 

In  the  inguinal  canal  the  spermatic  artery,  along  witii  the  other  constituents  of  the 
spermatic  cord,  is  enclosed  in  tlie  infundibular  and  cremasteric  fasciae,  the  intercolumnar 
fascia  being  added  at  the  external  abdominal  ring.  In  this  part  of  its  course  the  artery 
lies  in  front  of  the  vas  deferens,  and  behind  the  anterior  part  of  the  pampiniform  plexus 
and  the  spermatic  veins  which  arise  from  it. 

Branches.— (a)  Ureteral  branches,  small  in  eize,  are  distributed  to  the  middle  part  of  the 
ureter,  anastomosing  above  with  branches  from  the  renal  and  below  with  branches  from  the 
vesical  arteries. 

(b)  Cremasteric  branches,  given  off  in  the  inguinal  canal  and  upper  ^rt  of  the  scrotum, 
supply  the  cremaster  muscle,  and  anastomose  with  the  cremasteric  branch  ol  the  deep  epigastria 

(c)  Terminal  Branches. — (i.)  The  epididymal  branch  runs  downwards  to  the  epididymis,  which 
it  supplies.  It  also  gives  twigs  to  the  vas  aberrans,  the  coni  vasculosi,  and  the  tunica  vaginalis, 
and  anastomoses  with  the  artery  of  the  vas  deferens,  (ii.)  The  testicular  branch  descends  on  the 
upper  and  back  part  of  the  testicle,  and  breaks  up  into  numerous  peripheral  and  central  branches. 
The  peripheral  branches  pass  through  the  tunica  albuginea  and  ramify  on  its  inner  surface ;  thev 
anastomose  with  one  anotner  and  with  the  central  branches.  The  central  branches  pass  through 
the  mediastinum  testis  and  along  the  surfaces  of  the  septa. 

3a.  The  oyarian  arteries  (aa.  ovariese,  Fig.  634)  in  the  female  closely  corre- 
spond to  the  spermatic  arteries  in  the  male.  They  are,  however,  much  shorter, 
and,  instead  of  passing  through  the  abdominal  vrall,  descend  into  the  pelvis,  where 
they  run  between  the  layers  of  the  broad  ligament  to  terminate  between  the  ovaries 
and  the  uterus  by  anastomosing  with  the  uterine  arteries. 

Relations. — In  the  upper  part  of  its  course  the  relations  of  each  ovarian  artery  are 
like  those  of  the  corresponding  spermatic  artery,  but  about  the  level  of  the  anterior 
superior  spine  of  the  ilium  each  ovarian  artery  turns  inwards,  and,  crossing  the  upper  part 
of  the  external  iliac  vessels  (artery  and  vein),  descends  in  the  anterior  border  of  the  fossa 
ovarii,  on  the  lateral  wall  of  the  pelvis,  to  the  broad  ligament,  where  it  is  placed  below 
the  Fallopian  tube. 

Branchea— (a)  Ureteral,  to  the  middle  part  of  the  ureter. 

(6^  Tubal,  to  the  FaUopian  tube,  which  anastomose  with  branches  of  the  uterine. 

{c)  Ligamentons,  to  the  round  ligament,  as  far  as  the  inguinal  canaL 

\d)  Ovarian  branches,  numerous,  pass  to  the  hilum  of  the  ovary,  and  thence  to  the  substance 
of  the  organ. 

(«)  A  uterine  branch  is  formed  by  the  continuation  of  the  trunk  to  its  anastomosis  with  the 
uterine  branch  of  the  internal  iliac. 

The  Unpaired  or  Single  Visceral  Branches  of  the  Abdominal  Aorta. 

1.  The  coeliac  artery  or  coeliac  axis  (a.  coeliaca,  Figs.  634:  and  635)  arises  from  tlie 
front  of  the  abdominal  aorta,  immediately  below  the  aortic  orifice  of  the  diaphragm 
and  between  its  crura.  It  is  a  short  but  wide  vessel  which  runs  almost  horizontally 
forwards  for  a  distance  of  about  half-an-inch,  and  then  terminates  by  dividing  into 
three  large  branches — the  coronary  or  gastric,  the  hepatic,  and  the  splenic. 

Relations. — The  short  trunk  extends  from  the  aorta  behind  the  lesser  sac  of 
peritoneum,  by  which  it  is  separated  from  the  stomach,  or  from  the  small  omentum, 
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iu  froiit.  It  ruDH  below  the  Spigelian  lobe  of  the  liver,  and  above  the  upper  border  of  the 
pancreas  and  the  splenic  vein,  and  it  is  surrounded  by  the  solar  and  coeliac  plexuses  of  the 
sympathetic ;  the  right  semihinar  ganglion  ia  to  its  right  side,  and  the  left  semiJuDar 
ganglion  and  cardiac  end  of  the  stotnach  are  on  its  left  Bide. 

Branches.— (a)  The  coronary  or  gastiic  arterr  (a.  gaetrica  sinistra)  is  the 
smallest  branch  of  the  cceliac  axia  lb  runs  obliquely  upwards  and  to  the  left, 
and  reaches  the  smaller  curvature  of  the  stomach  close  to  the  oesoph^us.  It  Chen 
turns  sharply  forwards,  downwards,  and  to  the  right,  and  runs  towards  the  pyloric 
end  of  the  stomach  to  anastomose  with  the  pyloric  branch  of  the  hepatic  artery. 
In  the  first  part  of  its  course  the  artery  lies  behind  the  lesser  sac  of  the  peritoneum ; 
it  then  passes  into  the  left  pancreatico-gastric  fold,  and  is  continued  between  the 
layers  of  the  small  omentum. 

Bramohes.— (i.)  (Esoplureal  (rami  orophagei). — When  the  artery  reaches  the  stomadi  a  Ui^e 


raeophageal  branch  ie  given  off,  which  pHsses  upwards  on  tlie  iBsophagne,  and  gives  ofTseta  to  ii 
which  anastomose  with  cesophageal  Lranchea  of  the  thoracic  aoria  and  with  branches  of  tW 
inferior  phrenic,  (ii.)  ffartnc  branches  are  distributed  to  both  aurfaces  of  the  BtomacL  Tbet 
anastomose  with  branchea  of  the  vaaa  brevia  of  the  splenic,  and  with  branches  of  the  gwtrv- 
epiploic  arterial  arch  on  the  greaUr  curvature  of  the  stomach. 

(b)  The  splenic  artery  (a.  lienalis.  Fig.  635)  is  the  largest  branch  of  ihe 
cwliac  axis.  It  runs  a  more  or  less  tortuous  course  behind  the  stomach  and  the 
lesser  sac  of  the  peritoneum,  and  along  the  upper  border  of  the  pancreas.  It  lies  in 
front  of  the  left  suprarenal  capsule  and  the  upper  end  of  the  left  kidney,  and 
passes  forwards  between  the  two  layers  of  the  lieno-renal  ligament,  where  it  divides 
into  from  five  to  eight  terminal  branches  (rami  lienalee)  which  enter  the  hilum  of  the 
spleen  and  supply  the  splenic  substance.  It  is  accompanied  by  the  splenic  vein, 
which  lies  below  it. 

Branches — (i.)Pancreatic(ramipancreatici).^ — Numerous  small  brancheefpancreaticie 
parv»)  are  given  off  to  the  pancreas.  One  large  branch  (pancreatica  magna),  occasionally 
present,  enters  the  upper  border  of  the  pancreas,  about  the  junction  of  its  middle  and 
left  thirds,  and  runs  from  left  to  right  in  the  substance  of  the  pancreas,  a  little  above  and 
behind  the  pancreatic  duct.  Both  the  small  and  large  arteries  supply  the  substance  of 
the  pancreas,  and  anastomose  with  one  another  and  with  branches  of  the  pancreatioo- 
duodenal  arteries. 
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(IL)  The  vasa  brevia  (aa.  gastricsB  breves),  or  short  gastric  branches,  four  or  five  in 
number,  are  given  off  either  from  the  end  of  the  main  vessel  or,  more  commonly,  from 
some  of  its  terminal  branches.  They  pass  between  the  layers  of  the  gastro-splenic 
omentum  to  the  left  end  of  great  curvature  of  the  stomach,  and  anastomose  with  the 
OBsophageal,  the  gastric,  and  the  left  gastro-epiploic  arteries. 

(iii.)  The  left  gastro-epiploic  branch  (a.  gastro-epiploica  sinistra)  arises  from  the 
front  of  the  splenic,  close  to  its  termination,  and  passes  forwards  between  the  layers  of  the 
gastro-splenic  omentum  to  the  left  end  of  the  great  curvature  of  the  stomach,  along  which 
it  is  continued,  from  left  to  right,  between  the  layers  of  the  gastro-colic  or  great  omentum. 
It  ends  by  anastomosing  with  the  right  gastro-epiploic  artery,  and  it  gives  off  numerous 
gastric  branches  to  both  surfaces  of  the  stomach,  which  anastomose  with  the  vasa  brevia 
and  with  branches  of  the  coronary  and  pyloric  arteries.  Long  slender  omental  branches 
pass  to  the  omentum  and  anastomose  with  branches  of  the  colic  arteries. 

(c)  The  hepatic  artery  (a.  hepatica,  Fig.  635)  runs  along  the  upper  border  of 
the  bead  of  the  pancreas  to  the  right  pancreatico-gastric  fold  of  peritoneum,  in 
which  it  turns  forwards  to  the  upper  border  of  the  first  part  of  the  duodenum.  It 
then  passes  upwards,  between  the  layers  of  the  small  omentum,  in  front  of  the 
portal  vein  and  to  the  left  of  the  common  bile  duct,  and  reaches  the  transverse 
dssure  of  the  liver,  where  it  divides  into  right  and  left  branches. 

Branches. — (i.)  The  pyloric  artery  (a.  gastrica  dextra)  is  a  small  branch  which 
arises  opposite  the  upper  border  of  the  first  part  of  -the  duodenum.  It  descends  to 
the  pylorus,  running  between  the  layers  of  the  small  omentum,  and  then  turns  to  the  left 
along  the  smaller  curvature  of  the  stomach.  It  gives  branches  to  both  surfaces  of  the 
stomach,  and  terminates  by  anastomosing  with  the  coronary  artery. 

(ii.)  The  gastro-duodenal  artery  (a.  gastro-duodenalis). — This  branch  of  the  hepatic 
arises  just  above  the  upper  border,  descends  behind,  and  terminates  opposite  the  lower 
border  of  the  first  part  of  the  duodenum.  In  its  course  it  lies  between  the  neck  of 
the  pancreas  and  the  first  part  of  the  duodenum,  and  it  is  in  front  of  the  portal  vein.  The 
common  bile  duct  is  on  its  right  side.  The  vessel  ends  by  dividing  into  the  right  gastro- 
epiploic and  the  superior  pancreatico-duodenal  arteries.  The  right  gastro-epiploic  artery 
(a.  gastro-epiploica  dextra)  is  the  larger  of  the  two  terminal  branches  of  the  gastro- 
duodenal  ;  it  passes  from  right  to  left  along  the  greater  curvature  of  the  stomach,  between 
the  layers  of  the  gastro-colic  omentum,  and  unites  with  the  left  gastro-epiploic  branch 
of  the  splenic  artery.  From  the  arterial  arch  so  formed  branches  pass  upwards  on  both 
surfaces  of  the  stomach,  and  anastomose  with  branches  of  the  pyloric  and  coronary  arteries. 
Other  branches  pass  downwards  to  the  omentum,  and  anastomose  with  branches  of  the 
colic  arteries.  The  superior  pancreatico-daodenal  artery  (a.  pancreatico-duodenalis 
superior)  runs  a  short  course  to  the  right,  between  the  duodenum  and  the  head  of  the 
pancreas,  and  divides  into  anterior  and  posterior  terminal  branches  which  descend,  the 
former  in  front  of  and  the  latter  behind  the  head  of  the  pancreas,  to  anastomose  with 
similar  branches  of  the  inferior  pancreatico- duodenal  artery.  They  supply  the  head 
of  the  pancreas,  anastomosing  in  it  with  the  pancreatic  branches  of  the  splenic  artery ; 
branches  are  also  given  to  the  second  part  of  the  duodenum  and  to  the  common  bile  duct. 

(iii.)  Terminal  branches. — The  right  hepatic  artery  (ramus  dexter)  passes  either  in 
front  of  or  behind  the  hepatic  duct  and  behind  the  cystic  duct,  to  the  right  end  of  the 
transverse  fissure  of  the  liver,  where  it  divides  into  two  or  more  branches  which  enter  the 
substance  of  the  liver  and  accompany  the  branches  of  the  portal  vein  and  the  hepatic 
duct.  As  it  crosses  just  above  the  junction  of  the  hepatic  and  cystic  ducts,  the  right 
hepatic  artety  gives  off  a  cystic  branch.  The  cystic  artery  (a.  cystica)  runs  downwards 
and  forwards  along  the  cystic  duct  to  the  gall-bladder,  where  it  divides  into  upper  and 
lower  branches ;  the  upper  passes  downwards  between  the  gall-bladder  and  the  under 
surface  of  the  liver,  to  both  of  which  it  gives  ofifsets ;  the  lower  branch  is  distributed  on 
the  under  surface  of  the  gall-bladder,  between  it  and  the  peritoneum.  The  left  hepatic 
artery  (ramus  sinister)  is  longer  and  narrower  than  the  right.  It  runs  to  the  left  end 
of  the  transverse  fissure,  gives  one  or  two  branches  to  the  Spigelian  lobe,  crosses  the 
longitudinal  fissure,  and  breaks  up  into  branches  which  terminate  in  the  substance  of  the 
left  lobe  of  the  liver. 

2.  The  superior  mesenteric  artery  (a.  mesenterica  superior,  Figs.  634,  636, 
and  659)  springs  from  the  front  of  the  aorta,  about  half-an-inch  below  the  origin 
of  the  coeliac  axis  and  opposite  the  first  lumbar  vertebra. 

It  passes  obliquely  downwards  and  forwards,  crossing  in  front  of  the  left  renal 
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vain,  the  lower  part  of  the  head  of  the  pancreaa,  and  the  third  part  of  the  duo- 
denum ;  opposite  the  latter  it  euters  the  roo6  of  the  mesentery,  in  which  it 
•wntinues  to  descend,  curving  oliliiniely  from  above  downwards  and  to  the  right,  to 
the  right  iliac  fossa,  and  crosaing  in  this  part  of  its  course  obliquely  in  front  of  the 
aorta,  the  lower  part  of  the  inferior  vena  cava,  the  right  ureter,  and  the  right  psoaa 
muscle.  At  its  origin  it  lies  beliind  the  neck  nf  the  pancreas  and  the  splenic  vein ; 
where  it  passes  in  front  of  the  duodenum  it  is  crossed  anteriorly  by  the  trans^'eree 
colon,  and  in  the  lower  part  of  its  extent  it  is  concealed  by  coils  of  small  intestine. 


■tight  cslie  B 


Fio.  636.— Tbr  St'i'RHiOK  Meskktehic  Artbkt  and 

Branches- -~It  gives  off  uumcroua  brancliea  whiuli  supply  the  duodonuoi  aiid  Ihe 
l»aiicrea8  in  part,  tliu  whole  of  the  small  intestine  below  the  duodenum,  and  the  lai^ 
intestine  nearly  as  far  as  the  splenic  flexure. 

The  branches  are  as  followB : — 

(ii)  Rami  intestini  tenuiB  (an.  intestinales),  or  branches  to  the  small  iDtestine. 
varying  from  ten  to  sixteen  in  number ;  tliey  apriug  from  the  conveiity  of  the  superior 
mcaeutcric  artery,  and  pass  obliquely  forwards  and  downwards  between  the  layers  of  the 
mesentery,  each  dividing  into  two  branches  which  anastomose  with  adjacent  brauciiL's  W 
form  a  series  of  arcades  from  which  secondary  branches  are  given  off.  This  procciss  of 
division  and  union  is  repeated  three  or  four  times ;  thus  four  or  five  tiers  of  arcliKi  "re 
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formed,  from  the  most  distal  of  wliich  terminal  branches  are  given  off  to  the  walls  of  the 
jejunum  and  ileum.  Branches  from  tlie  successive  arcades  are  also  given  off  to  the 
mesenteric  glands.  The  terminal  branches  anastomose  togetlier  in  the  walls  of  the  gut, 
forming  a  vascular  network  which  communicates  above  with  the  inferior  pancreatico- 
duodenal artery  and  below  with  the  terminal  branch  of  the  superior  mesenteric  trunk. 
The  vascular  loops  and  branches  are  accompanied  by  corresponding  veins,  lymphatics,  and 
nerves. 

(b)  The  inferior  pancreatico-duodenal  artery  (a.  pancreatico-duodenalis  inferior).  It 
arises  either  from  the  trunk  of  the  superior  mesenteric,  at  the  upper  border  of  the  third  part 
of  the  duodenum,  or  from  the  first  of  the  rami  intestini.  It  runs  to  the  right,  between 
the  head  of  the  pancreas  and  the  third  part  of  the  duodenum,  and  terminates  by  dividing 
into  two  branches,  anterior  and  posterior,  which  ascend,  the  former  in  front  and  the  latter 
behind  the  head  of  the  pancreas ;  they  supply  the  head  of  the  pancreas,  the  second  and 
third  parts  of  the  duodenum,  and  they  anastomose  with  the  similar  branches  of  the 
superior  pancreatico-duodenal  artery. 

(c)  The  middle  colic  artery  (a.  colica  media)  is  a  large  branch  which  springs  from  the 
front  of  the  superior  mesenteric  as  it  enters  the  root  of  the  mesentery.  It  runs  down- 
wards and  forwards  in  the  transverse  mesocolon,  and  terminates  by  dividing  into  two 
branches,  right  and  left,  which  anastomose  respectively  with  the  right  and  left  colic 
arteries,  forming  arcades  from  which  secondary  and  tertiary  loops  are  derived,  the  terminal 
branches  being  distributed  to  the  walls  of  the  transverse  colon. 

(d)  The  right  colic  artery  (a.  colica  dextra)  springs  from  the  right  or  concave  side  of 
the  superior  mesenteric,  either  alone  or  in  the  form  of  a  common  trunk  which  divides 
into  right  and  ileo-colic  branches.  It  runs  to  the  right,  behind  the  peritoneum  on  the 
posterior  wall  of  the  abdomen,  and  in  front  of  the  right  psoas,  the  ureter,  and  the 
spermatic  or  ovarian  vessels,  towards  the  ascending  colon,  near  which  it  divides  into  an 
ascending  and  a  descending  branch.  The  former  passes  upwards,  and  anastomoses  in  the 
transverse  mesocolon  with  the  middle  colic  artery.  The  latter  descends  to  anastomose 
with  the  upper  branch  of  the  ileo-colic,  and  from  the  loops  thus  formed  branches  are  dis- 
tributed to  the  walls  of  the  ascending  colon  and  the  beginning  of  the  transverse  colon. 

(e)  The  ileo-colic  artery  (a.  ileo-colica)  arises  by  a  common  trunk  with  the  right  colic, 
or  separately  from  the  right  side  of  the  superior  mesenteric,  and  passes  downwards  and 
outwards,  behind  the  peritoneum,  towards  the  lower  part  of  the  ascending  colon,  where 
it  terminates  by  dividing  into  an  ascending  branch  which  anastomoses  with  the  lower 
branch  of  the  right  colic,  and  a  descending  branch  which  communicates  with  the  colic 
terminal  branches  of  the  superior  mesenteric  trunk. 

(/)  Termizial. — The  lower  end  of  the  superior  mesenteric  artery  divides  into  five 
branches — (i.)  ileal,  (ii.)  appendicular,  (iii.)  anterior  ileo-ceecal,  (iv.)  posterior  ileo-csecal, 
and  (v.)  colic. 

The  ileal  branch  (a.  ilea)  turns  upwards  and  to  the  left  in  the  lowest  part  of  tlie  mesentery, 
and  anaatomoses  with  the  rami  intestinL  The  appendicular  branch  (a.  appendicularis)  passes 
behind  the  terminal  portion  of  the  ileum,  and  through  the  meso-appendix  to  the  vermiform  pro- 
rei»s,  upon  which  it  ends.  The  anterior  ileo-c»cal  crosses  the  front  of  the  ileo-caecal  junction  in 
a  fold  of  peritoneum  ;  the  posterior  ileo-cecal  crosses  the  ileo-csecal  Junction  posteriorly,  and  the 
colic  runs  upwards  to  the  ascending  colon.  The  ileo-caecal  branches  supply  the  walls  of  the 
caecum,  and,  like  the  colic  branch,  anastomose  with  branches  of  the  ileo-conc  artery. 

3.  The  inferior  mesenteric  artery  (a.  mesenterica  inferior,  Fig.  634)  arises 
from  the  front  and  towards  the  left  side  of  the  aorta  an  inch  and  a  half  above  the 
bifurcation ;  it  passes  downwards  and  slightly  outwards,  lying  behind  the  perito- 
neum and  on  the  front  of  the  left  psoas  muscle,  to  the  upper  and  outer  border  of 
the  left  common  iliac  artery,  where  it  becomes  the  superior  heemorrhoidal. 

< 

Branches. — (a)  The  left  colic  artery  (a.  colica  sinistra)  arises  from  the  left  side  of 
the  inferior  mesenteric  near  its  origin.  It  runs  upwards  and  to  the  left  towards  the  splenic 
flexure  of  the  colon,  where  it  divides  into  ascending  and  descending  branches.  The 
ascending  branch  crosses  in  front  of  the  lower  end  of  the  left  kidney,  passes  between  the 
layers  of  the  transverse  mesocolon,  and,  turning  inwards,  terminates  by  joining  the  left 
branch  of  the  middle  colic  artery.  The  descending  branch  passes  downwards  behind  the 
peritoneum  to  the  inner  side  of  the  descendhig  colon  to  unite  with  the  superior  sigmoid 
artery,  and  from  the  loops  thus  formed  branches  are  distributed  to  the  descending  colon. 

In  the  whole  of  its  course  the  left  colic  artery  lies  behind  the  peritoneum,  and  on  the 
poetenor  abdominal  wall ;  it  crosses  in  front  of  the  left  psoas  and  the  left  ureter. 
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(b)  The  sigmoid  branches  (aa.  sigmoidese),  usually  two  in  number,  arise  from  the 
convexity  of  the  inferior  mesenteric,  and  pass  downwards  and  outwards  to  the  iliac 
colon.  They  lie  behind  the  peritoneum,  apd  in  front  of  the  psoas,  the  ureter,  and  the 
upper  part  of  the  iliacus.  They  terminate  by  dividing  into  branches  which  anastomose 
with  the  left  colic  above  and  with  branches  of  the  superior  hsBmorrhoidal  below,  forming 
a  series  of  arches  from  which  branches  are  distributed  to  the  lower  part  of  the  descending 
colon,  the  iliac  colon,  and  the  pelvic  colon. 

(c)  The  superior  hsemorrhoidal  artery  (a.  haemorrhoidalis  superior)  is  the  direct 
continuation  of  the  inferior  mesenteric.  It  enters  the  mesentery  of  the  pelvic  colon, 
crosses  the  front  of  the  left  common  iliac  artery,  descends  into  the  pelvis  aa  far  as  the 
third  piece  of  the  sacrum,  or  in  other  words  the  junction  between  the  pelvic  colon  and 
the  rectum,  and  divides  into  two  branches  which  pass  downwards  on  the  sides  of  the 
rectum.  Half-way  down  the  rectum  each  of  the  two  terminal  branches  of  the  superior 
hsemorrhoidal  artery  divides  into  two  or  more  branches  which  pass  through  the  muscular 
coats  and  terminate  in  the  submucous  tissue,  where  they  divide  into  numerous  small  branches 
which  pass  vertically  downwards,  anastomosing  with  each  other,  with  offsets  from  the  middle 
hsemorrhoidal  branches  of  the  internal  iliac  arteries,  the  inferior  haemorrhoidal  branches 
of  the  internal  pudic  arteries,  and  with  branches  from  the  middle  sacral  artery. 

The  superior  haemorrhoidal  artery  supplies  the  mucous  membrane  of  the  pelvic  colon 
and  the  rectum  and  the  muscular  coats  of  the  pelvic  colon. 

THE  INTERNAL  ILIAC  ARTERY. 

The  internal  iliac  or  hypogastric  artery  (a.  bypogastrica,  Figs.  634,  637,  and 
640)  in  the  foetus  is  the  direct  continuation  of  the  common  iliac  trunk  It 
supplies  numerous  branches  to  the  pelvis,  runs  upwards  on  the  anterior  abdominal 
wall  to  the  umbilicus,  and  is  prolonged  as  the  umbilical  artery  to  the  placenta 
One  of  its  pelvic  branches — the  sciatic — is  at  first  the  main  artery  of  the  inferior 
extremity,  but  subsequently  another  branch  is  given  oft*  which  becomes  the  chief 
arterial  trunk  of  the  lower  limb.  This  branch  is  the  external  iliac  artery ;  it  soon 
equals  and  ultimately  exceeds  the  internal  iliac  in  size,  and  it  is  into  these  two 
vessels  that  the  common  iliac  appears  to  bifurcate. 

When  the  placental  circulation  ceases  and  the  umbilical  cord  is  severed,  the 
part  of  the  internal  ilifiw  trunk  which  extends  from  the  pelvis  to  the  umbiUcus 
atrophies,  and  is  afterwards  represented  almost  entirely  by  a  fibrous  cord,  known 
as  the  obliterated  hypogastric  artery.  It  is  only  at  its  proximal  end  that  the 
atrophied  part  remains  pervious,  and  here  it  forms  the  commencement  of  the 
superior  vesical  artery ;  accordingly,  the  permanent  internal  iliac  artery  is  a  com- 
paratively short  vessel  Owing  to  the  arrangement  of  some  of  its  branches  it 
appears  to  end  in  an  anterior  and  a  posterior  division,  the  former  of  which  is  to 
be  regarded  as  the  continuation  of  the  vessel  to  the  obliterated  hypogastric,  whilst 
the  latter  is  simply  a  common  stem  of  origin  for  some  of  the  branchea 

With  this  explanation  the  internal  iliac  artery  may  be  described  in  the  usual 
manner. 

It  arises  from  the  common  iliac  opposite  the  lumbo-sacral  articulation,  and 
descends  into  the  pelvis,  to  terminate,  as  a  rule,  opposite  the  upper  border  of  the 
great  sciatic  notch,  in  two  divisions — anterior  and  posterior — from  each  of  which 
branches  of  distribution  are  given  ofif.  The  artery  measures  about  one  and  a  half 
inches  in  length,  and  is  the  inner  of  the  two  terminal  branches  of  the  common 
iliac  artery. 

Relations. — Anterior. — The  artery  on  each  side  is  covered  in  front  and  internal! j 
by  peritoneum,  under  which  the  corresponding  ureter  descends  along  the  anterior  border 
of  the  artery.  The  ilio-pelvic  colon  crosses  from  the  front  to  the  inner  side  of  the  left 
artery,  and  the  terminal  part  of  the  ileum  bears  the  same  relation  to  the  right  artery. 

Posterior  to  it  are  the  internal  iliac  vein  and  the  commencement  of  the  common  iliac 
vein  ;  behind  these  is  the  lumbo-sacral  cord  and  the  sacrum. 

Lateral, — On  its  outer  side  the  external  iliac  vein  separates  it  from  the  psoas  muscle 
above,  whilst  below  this  is  the  obturator  nerve,  embedded  in  a  mass  of  fat  which  intervenes 
between  the  internal  iliac  artery  and  the  side  wall  of  the  pelvis.  On  its  inner  side  it  is 
crossed  by  some  of  the  tributaries  of  the  internal  iliac  vein,  and  is  covered  by  peritoneam. 
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Branches, — The  internal  iliac  artery  supplies  the  greater  part  of  the  pelvic 
wall  and  viscera,  and  its  branches  are  also  distributed  to  the  buttock  and  thigh 
and  to  the  external  organs  of  generation. 

All  the  branches  may  be  given  off  separately  from  a  single  undivided  parent 
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i7. — The  Internal  Ili&c  Aktkky  and  lib  itHANcuEti  im  the  FehjiLK. 
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Vaginal  nrtary.  8.  Perioral  nerve. 

larerior  hsmonliDidal  uerve.  6.  Supertlcial  perineal  atlerj. 

Inferior  bsmorrhaidal  artery.  10.  Artery  to  bulb. 

trunk,  but  as  a  rule  they  arise  in  two  groups  corresponding  to  the  two  divisions  in 
which  the  artery  under  these  circumstances  appears  to  end. 

{ llio-lumbar 
Posterior  division   !   parietal  ■!  Lateral  sacral 

^  (Gluteal 

j"  Obturator 
'  parietal  -  Sciatic 

lluternal  pudic 
Anterior  division  /Superior  vesical 

II     (Obliterated  hypogastric) 
viBcnal  ■.  Middle  vesical 
Inferior  vesical 
'  Middle  hfemorrhoidal. 

In   the  female   the  inferior  vesical  is  replaced  by  a  vf^nal  branch,  and  an 
additional  branch,  the  uterine,  is  given  off. 
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Branches  of  the  Posterior  Division. 

The  posterior  terminal  division  gives  off  the  ilio-lumbar  and  lateral  sacral 
arteries,  and  is  continued  as  the  gluteal  artery.  No  visceral  branches  are  derived 
from  this  division. 

1.  Ilio-lambar  Artery  (a.  ilio-lumbalis). — This  vessel  runs  upwards  and  outwards 
across  the  brim  of  the  pelvis  to  the  iliac  fossa.  It  passes  in  front  of  the  sacro-iliac 
articulation,  between  the  lumbo-sacral  cord  and  the  obturator  nerve,  and  behind 
either  the  lower  part  of  the  common  or  the  upper  part  of  the  external  iliac  vessels 
and  the  psoas  and  iliacus  muscles. 

In  the  iliac  fossa  it  anastomoses  with  branches  of  the  deep  circumflex  iliac  and 
obturator  arteries.  It  also  gives  off  offsets  to  the  iliacus,  and  supplies  a  large 
nutrient  branch  to  the  ilium.  A  lumbar  branch  (ramus  lumbalis)  ascends  behind  the 
psoas  to  the  crest  of  the  ilium.  It  supplies  the  psoas  and  quadratus  lumborum, 
and  anastomoses  with  the  lumbar  and  deep  circumflex  iliac  arteries ;  it  also  gives 
off  a  spinal  branch  which  enters  the  intervertebral  foramen  between  the  fifth 
lumbar  vertebra  and  the  sacrum,  and  is  distributed  like  the  spinal  branches  of  the 
lumbar  and  aortic  intercostal  arteries. 

2.  Lateral  Sacral  Arteries  (aa.  sacrales  laterales).  —  There  is  sometimes 
only  a  single  lateral  sacral  artery  on  each  side;  more  commonly  there  are  two, 
superior  and  inferior. 

Both  branches  run  downwards  and  inwards  on  the  front  of  the  sacrum.  The 
inferior  passes  in  front  of  the  pyriformis  and  the  sacral  nerves,  and  descends  on 
the  outer  side  of  the  sympathetic  cord  to  the  coccyx  where  it  terminates  bv 
anastomosing  with  the  middle  sacral  The  superior  branch  only  reaches  as  far  as 
the  first  or  the  second  anterior  sacral  foramen,  and  then  it  enters  the  sacral  canal. 
It  anastomoses  with  the  lower  branch  and  with  the  middle  sacral  artery.  Transverse 
branches  are  given  off  by  the  lateral  sacral  arteries  to  the  pyriformis,  and  to  the 
sacral  nerves.  Spinal  offsets  are  also  given  off,  which  pass  through  the  anterior 
sacral  foramina  to  the  sacral  canal ;  they  supply  the  membranes  of  the  cord,  the  root*^ 
of  the  sacral  nerves,  and  the  filum  terminale,  and  anastomose  with  other  spinal 
arteries.  They  then  pass  backwards  through  the  posterior  sacral  foramina,  and 
anastomose  on  the  back  of  the  sacrum  with  branches  of  the  gluteal  and  sciatic 
arteries. 

3.  Oluteal  Artery  (a.  glutsea  superior,  Figs.  637  and  643). — After  giving  off  the 
ilio-lumbar  and  lateral  sacral  branches,  the  posterior  division  of  the  internal  iliac  is 
continued  as  the  gluteal  artery.  This  is  a  large  vessel  which  pierces  the  pelvic 
fascia,  passes  backwards  between  the  lumbo-sacral  cord  and  the  tirst  sacral  nerve, 
and  leaves  the  pelvis  through  the  upper  part  of  the  great  sciatic  foramen.  It  runs 
above  the  pyriformis  muscle  to  the  buttock,  immediately  on  reaching  which  it 
terminates,  between  the  adjacent  borders  of  the  pyriformis  and  gluteus  medius 
muscles  and  beneath  the  gluteus  maximus,  by  dividing  into  superficial  and  deep 
branches. 

(a)  The  superficial  branch  divides  at  once  into  numerous  branches,  some  of  which  supply 
the  gluteus  maximus,  whilst  others  pass  through  it,  near  its  origin,  to  the  overlying  skin. 
The  branches  freely  anastomose  wnth  branches  of  the  sciatic,  internal  pudic,  internal 
circumflex,  deep  circumflex  iliac,  and  lateral  sacral  arteries. 

(6)  The  deep  terminal  branch,  accompanied  by  the  superior  gluteal  nerve,  nms  forwanis 
between  the  gluteus  medius  and  minimus,  and,  after  giving  a  nutrient  branch  to  the  iliiun, 
subdivides  into  upper  and  lower  branches.  The  upper  branchy  running  forwards  alonjr 
the  origin  of  the  gluteus  minimus  from  the  middle  curved  line  of  the  ilium,  pa&<t« 
beyond  the  anterior  margins  of  the  gluteus  medius  and  minimus  to  anastomose,  under 
cover  of  the  tensor  fasciee  femoris,  with  the  ascending  branch  of  the  external  circumflex 
artery.  It  also  anastomoses  with  the  circumflex  iliac  artery,  and  it  supplies  muscular 
branches  to  the  adjacent  muscles.  The  lower  branch  passes  more  directly  forwards, 
across  the  gluteus  minimus,  towards  the  trochanter  major,  along  with  the  branch  of  the 
superior  gluteal  nerve  which  supplies  the  tensor  fascia3  femoris.  It  supplies  the  glutei 
muscles,  and  anastomoses  with  the  ascending  branch  of  the  external  circumflex  artery. 

J3efore  leaving  the  pelvis  the  gluteal  artery  gives  mnflCuXar  farancheB  to  the  peWic 
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diaphragm  and  the  obturator  interaus,  small  neural  branches  to  the  roots  of  the  sacral 
plexus,  and  nutrient  branches  to  the  hip-bone. 

Bkanches  of  the  Anterior  Division  of  the  Intbknal  Iliac  Artery. 

The  anterior  division  gives  off  both  parietal  and  visceral  branches,  and  is 
continued  as  the  hypogastric  artery,  which  for  the  greater  part  of  its  extent  is 
obliterated  The  parietal  branches  are  the  obturator,  the  pudic,  and  the  sciatic. 
The  visceral  branches  include  the  superior,  middle  and  inferior  vesical,  and  the 
middle  hcemorrhoidal  arteries  in  the  male.  Similar  visceral  branches  are  also 
given  off  in  the  female,  but  the  inferior  vesical  is  replaced  by  the  vaginal  artery, 
and  an  additional  branch,  the  uterine  artery,  is  also  given  off. 

Visceral  Branches. 

1.  The  superior  vesical  artery  (a.  vesicalis  superior)  arises  from  the  anterior 
division  of  the  internal  iliac.  It  divides  into  numerous  branches  which  supply 
the  upper  part  of  the  bladder,  anastomosing  with  the  other  vesical  arteries,  and  it 
also  gives  small  branches  to  the  urachus,  and  often  to  the  lower  part  of  the 
ureter.  It  may  in  addition  give  off  the  middle  vesical  artery,  and  not  un- 
frequently  the  long  slender  artery  to  the  vas  deferens  arises  from  one  of  its 
branches. 

2.  Obliterated  Hjrpogastric  Artery. — Atrophy  of  that  portion  of  the  internal 
iliac  artery,  which  extends  from  the  side  of  the  bladder  to  the  umbilicus  (a.  umbili- 
calis),  has  already  been  referred  to.  It  is  complete  between  the  umbilicus  and 
the  true  origin  of  the  superior  vesical  artery,  but  between  this  origin  and  the 
apparent  ending  of  the  internal  iUac  in  its  two  divisions  the  atrophy  is  incomplete, 
and  the  lumen  of  the  vessel,  though  greatly  diminished  in  size,  remEiins,  and  is 
looked  upon  as  the  first  part  of  the  superior  vesical  artery.  Strictly  speaking,  the 
first  of  these  two  parts  only  constitutes  the  "  obliterated  hypogastric  "  (ligamentum 
umbUicale  laterale).  It  is  a  fibrous  cord  which  runs  forwards  and  upwards 
towards  the  apex  of  the  bladder,  whence  it  ascends  on  the  posterior  surface  of 
the  anterior  abdominal  wall  and  on  the  outer  side  of  the  urachus  to  the  umbilicus. 
As  it  passes  along  the  wall  of  the  pelvis  it  is  under  cover  of  the  peritoneum,  and  it 
is  crossed  by  the  vas  deferens  in  the  male,  and  by  the  round  ligament  in  the  female. 

3.  The  middle  vesical  artery  is  usually  given  off  behind  the  superior  vesical. 
It  is  distributed  to  the  posterior  surface  of  the  bladder  as  low  down  as  the  base ; 
and  to  the  vesiculsB  seminales. 

4.  The  inferior  vesical  artery  (a.  vesicalis  inferior)  is  a  very  constant  branch 
which  runs  inwards  upon  the  upper  surface  of  the  levator  ani  to  the  base  of  the 
bladder.  It  also  gives  branches  to  the  seminal  vesicles,  the  vas  deferens,  the  lower 
part  of  the  ureter  and  the  prostate,  and  it  anastomoses  with  its  fellow  of  the 
opposite  side,  with  the  other  vesical  arteries,  and  with  the  middle  hsemorrhoidal 
artery. 

The  artery  to  the  vas  (a.  deferentialis),  which  not  unfrequently  arises  from  the 
superior  vesical,  is  a  long  slender  vessel  which  runs  downwards  to  the  vas  and 
vesicula  seminales,  and  is  then  continued  with  the  vas  deferens  to  the  testiclci 
where  it  anastomoses  with  the  spermatic  artery.  It  also  anastomoses  with  the 
cremasteric  branch  of  the  deep  epigastric  artery. 

5.  The  middle  hsemorrhoidal  artery  (a.  hsemorrhoidalis  media)  is  an  irregular 
branch  which  arises  either  directly  from  the  anterior  division  of  the  internal  iliac  or 
from  the  inferior  vesical  branch ;  more  rarely  it  springs  from  the  internal  pudic 
artery.  It  runs  inwards,  and  is  distributed  to  the  muscular  coats  of  the  rectum ; 
it  also  gives  branches  to  the  prostate,  the  seminal  vesicle,  and  the  vas  deferens,  and  it 
anastomoses  with  its  fellow  of  the  opposite  side,  with  the  inferior  vesical,  and  with 
the  superior  and  inferior  ha3morrhoidal  arteries. 

6.  The  vagiaal  artery  (a.  vaginalis)  in  the  female  usually  corresponds  to 
the  inferior  vesical  in  the  male ;  in  which  case  it  arises  from  the  anterior  division 
of  the  internal  iliac,  either  independently  or  in  common  with  the  uterine  artery. 


852  THE  VASCULAR  SYSTEM. 

t 

Occasionally  both  inferior  vesical  and  uterine  vessels  are  present,  and  not  un- 
commonly the  vaginal  artery  is  represented  by  several  branches. 

The  vaginal  arteries  run  downwards  and  inwards  on  the  floor  of  the  pelvis 
to  the  sides  of  the  vagina,  and  divide  into  numerous  branches  which  ramify 
on  its  anterior  and  posterior  walls.  The  corresponding  branches  of  opposite 
sides  anastomose  and  form  anterior  and  posterior  longitudinal  vessels,  the  so-called 
azygos  arteries.  They  also  anastomose  above  with  the  cervical  branches  of  the 
uterine  artery,  and  below  with  the  perineal  branches  of  the  internal  pudic.  In 
addition  to  supplying  the  vagina,  small  branches  are  given  to  the  bulb  of  the 
vestibule,  to  the  base  of  the  bladder,  and  to  the  rectum. 

7.  The  uterine  artery  (a.  uterina)  arises  from  the  anterior  division 
of  the  internal  iliac,  either  separately  or  in  common  with  the  vaginal  or  middle 
hsemorrhoidal  arteries.  It  runs  inwards  and  slightly  forwards,  upon  the  upper 
surface  of  the  levator  ani,  to  the  lower  border  of  the  broad  ligament,  between  the 
two  layers  of  which  it  passes  inwards,  and  arches  above  the  ureter  about  three- 
quarters  of  an  inch  from  the  uterus.  It  passes  above  the  lateral  fornix  of  the 
vagina  to  the  side  of  the  neck  of  the  uterus,  and  is  then  directed  upwards,  until 
it  almost  reaches  the  fundus,  just  below  which,  however,  it  turns  outwards  beneath 
the  isthmus  of  the  Fallopian  tube  and  anastomoses  with  the  ovarian  artery. 
It  supplies  the  uterus,  the  upper  part  of  the  vagina,  the  inner  part  of  the 
Fallopian  tube,  and  gives  branches  to  the  round  ugament  of  the  uterus.  It 
anastomoses  with  its  fellow  of  the  opposite  side,  and  with  the  vagincJ,  the  ovarian, 
and  the  deep  epigastric  arteries. 

Paribtal  Branches  of  the  Anterior  Division  of  the  Internal  Iuac. 

1.  The  obturator  artery  (a.  obturatoria,  Figs.  637  and  640)  runs  forwards  and 
downwards  along  the  lateral  wall  of  the  true  pelvis,  just  below  its  brim,  to  the 
obturator  foramen,  through  the  upper  part  of  which  it  passes.  It  terminates  im- 
mediately on  entering  the  thigh  by  dividing  into  internal  and  external  terminal 
branches,  which  skirt  round  the  margin  of  the  obturator  foramen  beneath  the 
obturator  externus  muscle.  It  is  accompanied  in  the  whole  of  its  course  by  the 
obturator  nerve  and  vein,  the  former  being  above  it  and  the  latter  below. 

To  its  outer  side  is  the  pelvic  fascia,  which  intervenes  between  it  and  the  upper 
part  of  the  obturator  internus  muscle,  whilst  on  its  inner  side  it  is  covered  by 
peritoneum;  between  the  peritoneum  and  the  artery  is  the  ureter.  When  the 
bladder  is  distended  it  also  comes  into  close  relation  with  the  anterior  part  of  the 
artery.  In  the  female  the  ovarian  vessels  and  the  broad  ligament  are  on  the  inner 
side  of  the  obturator  artery. 

Branches. — All  the  branches  except  the  terminal  are  given  off  before  the  artery 
leaves  the  pelvis.  They  include : — (a)  Muscular  branches  to  the  obturator  internus, 
levator  ani  and  iUo-psoas  muscles,  (b)  A  nutrient  branch  to  the  ilium,  which  passes 
beneath  the  ilio-psoas  muscle,  supplies  the  bone,  and  anastomoses  with  the  ilio-lumhar 
artery,  (c)  A  Tesical  branch,  or  branches,  pass  inwards  to  the  bladder  beneath  the 
lateral  false  ligament,  (cl)  A  pubic  branch  (ramus  pubicus),  which  ascends  on  the  back 
of  the  pubes,  and  anastomoses  with  its  fellow  of  the  opposite  side  and  with  the  puhic 
branch  of  the  deep  epigastric,  is  given  off  just  before  the  artery  leaves  the  pelvis.  In 
its  upward  course  it  may  pass  either  on  the  outer  or  inner  side  of  the  external  iliac  vein, 
whilst  not  imfrequently  it  runs  on  the  inner  side  of  the  crural  ring.  In  the  latter  case 
it  is  important  in  relation  to  femoral  hernia ;  and  this  importance  is  emphasised  when, 
as  sometimes  happens,  the  obturator  artery  arises  as  an  enlarged  pubic  branch  of  the 
deep  epigastric  artery  instead  of  from  the  internal  iliac,  (e)  TeimiiiaL — The  internal 
terminal  bra/nch  (ramus  anterior)  runs  forwards,  and  the  external  (ramus  posterior) 
backwards  round  the  margin  of  the  obturator  foramen.  They  lie  on  the  obturator 
membrane,  and  imder  cover  of  the  obturator  externus.  They  anastomose  together  at 
the  lower  margin  of  the  foramen,  and  both  give  off  offsets  which  anastomose  with  the 
internal  circumflex  artery,  and  twigs  of  supply  to  the  adjacent  muscles.  The  external 
branch  also  gives  an  acetabular  branch  to  the  hip-joint,  which  passes  upwards,  through 
the  cotyloid  notch  on  the  inner  side  of  the  transverse  ligament,  to  supply  the  Uganientuui 
teres  and  the  head  of  the  femur. 
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2.  Internal  Pudic  Artery  (a.  pudenda  interna,  Figa  637  and  638). — The 
internal  pudic  artery  aiises  from  the  anterior  division  of  the  internal  iliac  cloee  to 
the  origin  of  the  sciatic  artery,  which  slightly  exceeds  it  in  size.  It  runs  down- 
wards and  backwards  io  front  of  the  pyriformis  muscle  and  the  sacral  plexus,  from 
both  of  which  it  is  separated  by  the  pelvic  fascia,  and  on  the  outer  side  of  the 
rectum  to  the  lower  part  of  the  great  sciatic  foramen.  In  this  course  it  pierces 
the  pelvic  faacia,  passes  between  the  pyrifonnis  and  coccygeus  muscles,  and  leaves 
the  pelvis  to  enter  the  buttock  in  company  with  the  corresponding  veins,  the 
sciatic  vessels  and  nerves,  the  pudic  nerve,  and  the  nerve  to  the  obturator  internns. 
In  the  bultock  it  lies,  under  cover  of  the  gluteus  maximus,  on  the  spine  of  the 
ischium,  between  the  pudic  nerve  and  the  nerve  to  the  obturator  internus,  the 
former  being  internal   to  it     It  next  passes  through  the  small  sciatic  foramen 
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and  enters  the  perineum,  in  the  anterior  part  of  which  it  terminates  by  dividing 
into  the  artery  of  the  corpus  cavernosum  and  the  dorsal  artery  of  the  penis. 

In  the  first  part  of  its  course  in  the  perineum  the  artery  lies  in  the  outer 
fascial  wall  of  the  ischio-rectal  fossa,  where  it  is  enclosed  in  the  space  known  as 
Alcock's  canal  This,  which  is  situated  about  one  and  a  half  inches  above  the 
lower  margin  of  the  tuberosity  of  the  ischium,  contains  also  the  pudic  veins  and 
the  terminal  parte  of  the  pudic  nerve,  viz.  the  dorsal  nerve  of  the  penis  which  lies 
above  the  artery,  and  the  perineal  division  which  lies  below  the  veaseL  From  the 
iBChio-rectal  fossa  the  internal  pudic  is  continued  forwards  between  the  two  layers 
of  the  triangular  ligament  of  the  urethra,  and  close  to  the  ramus  of  the  pubis.  About 
half-an-inch  below  the  subpubic  ligament  it  turns  somewhat  abruptly  forwards, 
pierces  the  anterior  layer  of  the  triangular  ligament,  and  immediately  divides  into 
its  terminal  branches,  viz.  the  artery  of  the  corpus  cavemoaum  and  the  dorsal 
artery  of  the  penis.  The  division  sometimes  takes  place  whilst  tiie  artery  is  still 
between  the  layers  of  the  triangular  ligament. 

Branches.— /n  the  pelvit  it  gives  small  branches  to  the  neighbouring  muscles  and  to 
the  roots  of  the  sacral  plexus. 
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In  the  buttock. — (a)  Muscolar  branches  are  given  to  the  adjacent  muscles.  (6) 
Anastomotic  branches  unite  with  branches  of  the  gluteal,  sciatic  and  internal  circumflex 
arteries. 

In  the  ischto-rectal  fosm. — (c)  The  inferior  hsemorrhoidal  artery  (a.  hasmorrhoidalis 
inferior)  pierces  the  inner  wall  of  Alcock's  canal,  and  runs  obliquely  forwards  and  inwards. 
It  soon  divides  into  two  or  three  main  branches,  which,  sometimes  arising  separately,  pass 
across  the  space  to  the  anal  passage.  The  artery  anastomoses  in  the  walls  of  the  anal 
passage  with  its  fellow  of  the  opposite  side,  and  with  the  middle  and  superior  hsemor- 
rhoidal  arteries ;  it  also  anastomoses  with  the  transverse  perineal  arteries,  and  it  supplies 
cutaneous  twigs  to  the  region  of  the  anus,  and  others  which  turn  round  the  lower  border 
of  the  gluteus  maximus  to  supply  the  lower  part  of  the  buttock. 

(d)  The  superficial  perineal  artery  (a.  perinei)  arises  in  the  anterior  part  of  the  ischio- 
rectal fossa,  pierces  the  base  of  the  triangular  ligament,  and  divides  into  long  slender 
branches  (aa.  scrotales  posteriores  in  the  male,  labiales  posteriores  in  the  female)  which 
are  continued  forwards  in  the  urethral  triangle,  beneath  the  superficial  perineal  fascia, 
to  the  scrotum.  It  anastomoses  with  its  fellow  of  the  opposite  side,  with  the  transverse 
perineal  and  the  external  pudic  arteries,  and  it  supplies  the  muscles  and  subcutaneous 
structures  of  the  urethral  triangle. 

(e)  The  transverse  perineal  artery  is  a  small  branch  which  arises  either  from  the  internal 
pudic  or  from  its  superficial  perineal  branch.  It  runs  inwards  along  the  base  of  the 
triangular  ligament  to  the  central  point  of  the  perineum,  where  it  anastomoses  with  its 
fellow  of  the  opposite  side,  with  the  superficial  perineal  branch,  and  with  the  inferior 
hsemorrhoidal  arteries.  It  supplies  the  sphincter  ani,  the  bulbo-cavemosus  or  sphincter 
vagiuee,  and  the  anterior  fibres  of  the  levator  ani. 

In  the  urethral  triangle. — (f)  The  artery  to  the  bulb  (a.  bulbi  urethras),  a  branch 
which  is  usually  of  relatively  large  size,  is  given  off  between  the  layers  of  the  triangular 
ligament.  It  runs  transversely  inwards  along  the  posterior  border  of  the  compressor 
urethrsB,  and  then  turning  forwards  a  short  distance  from  the  outer  side  of  the  urethra, 
it  pierces  the  anterior  layer  of  the  triangular  ligament  and  enters  the  substance  of  the 
bulb.  It  passes  onwards  in  the  corpus  spongiosum  to  the  glans,  where  it  anastomoses 
with  its  fellow  and  with  the  dorsal  arteries  of  the  penis. 

It  supplies  the  compressor  urethras  muscle,  Cowper's  gland,  the  corpus  spongiosum, 
and  the  penile  part  of  the  urethra.  In  the  female  this  artery  supplies  the  bulb  of  the 
vestibule. 

(p)  The  artery  of  the  corpus  cavemosum  (a.  profunda  penis  in  the  male ;  a.  pro- 
funda clitoridis  in  the  female)  is  usually  the  larger  of  the  two  terminal  brancbes. 
Immediately  after  its  origin  it  enters  the  cms  penis,  and  runs  forwards  in  the  coqius 
cavemosum,  which  it  supplies. 

(h)  The  dorsal  artery  of  the  penis  (a.  dorsalis  penis  in  the  male ;  a.  dorsalis  clitoridis 
in  the  female)  passes  forwards  between  the  layers  of  the  suspensory  ligament,  and  runs 
along  the  dorsal  surface  of  the  penis  with  the  dorsal  nerve  immediately  to  its  outer  side, 
whilst  it  is  separated  from  its  fellow  of  the  opposite  side  by  the  median  deep  dorsal  vein. 
It  supplies  the  superficial  tissues  on  the  dorsal  aspect  of  the  penis,  sends  branches  into 
the  corpus  cavemosum  to  anastomose  with  the  artery  to  the  corpus  cavemosum,  and  its 
terminal  branches  enter  the  glans  penis,  where  they  anastomose  with  the  arteries  to  the 
bulb.     It  also  anastomoses  with  the  external  pudic  branches  of  the  femoral. 

3.  Sdatic  Artery  (a.  glutsea  inferior,  Figs.  637  and  639). — The  sciatic  artery 
arises,  usually  distinct  from  the  pudic  artery,  but  sometimes  in  common  with  it, 
from  the  anterior  division  of  the  internal  iliac.  It  descends  a  little  liehind  and 
external  to  the  pudic  vessels,  pierces  the  pelvic  fascia,  runs  backwards  between 
the  first  and  second,  or  second  and  third  sacral  nerves,  and  passing  between  the 
pyriformis  and  coccygeus  muscles,  leaves  the  pelvis  through  the  lower  part  of  the 
great  sciatic  foramen,  and  enters  the  buttock  just  below  the  pyriformis.  In  the 
buttock  it  descends  behind  and  to  the  inner  side  of  the  great  sciatic  nerve  beneath 
the  gluteus  maximus,  and  tehind  the  obturator  internus,  the  two  gemelli,  the 
quadratus  femoris,  and  upper  part  of  the  adductor  magnus  muscles,  to  the  upper 
part  of  the  thigh. 

Below  the  lower  border  of  the  gluteus  maximus  the  artery  is  comparatively 
superficial,  and  having  given  off  its  largest  branches,  it  descends  as  a  long  slender 
vessel  with  the  small  sciatic  nerve. 

Branches. — In  the  pelvis. — Small  and  irregular  branches  supply  the  adjacent  viscera 
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aud  muscles  and  the  sacral  nerves 
and  lateral  sacral  arteries. 

In  the  buttock. — (a)  MtlBCalar 
and     to     the    upper 
partsof  the  hamstring 
muscles.      They    an- 
astomose    with     tlie 
pudic,    iutemal     cir- 
cumflex,   and    obtur- 
ator arteries.    (6)  The     omt- 
coccygeal   biftncli 
arises  immediately 
after  the  artery  leaves    omt  i 
the  pelvis.      It  runs         "e 
innards,    pierces   the     pujic" 
great  sacro-sciatic 
ligament  and   the   Bcintic 
gluteus  maiimuB,  and     (.om« 
ends  in  the  soft  tissues 
over  the  back  of  the 
lower     part     of    the  Bi 

sacrum 


;  they  anastomose  with  branches  of  the  internal  pudic 
given  off*  to  the  muscles  of  the  buttock 


.ccys. 


It    gi. 


several  branches 
the  gluteus  maiimus, 
and  anaetomoses  with 
branches  of  the  gluteal 
and  lateral  sacral 
arteries,  (c)  An  aji- 
aBtomotic  biasch 
passes  transversely 
outwards,  over  or  otyeai 
under  the  great  sciatic 
nerve,  toward  a  the 
great  trochanter  of 
the  femur.  It  anaa- 
tomoees  with  branches 
of  the  gluteal,  pudic, 
internal  and  eitemal 
circumflex,  and  the 
first  perforating 
arteries,  taking  part 
in  the  formation  of 
theao-called  "crucial 
anastomosis."  (d) 
OntanMnis  br&nclLas,  fdi 
accompanying    twi^s 

of   the  small    sciatic       y„p,  r 

iiene,  pass  round  the  in 
lower  border  of  the  ^, 
gluteus     maxiraus  a, 

muscle  to  the  integu- 
ment,   (e)  The  comes        uui 
nerri    ^hiatici    (a. 
comitansn.  ischiadici) 

is     a     long     slender  fio.  839.— Tbb  Abtehies  ot  the  Buwock  asd  the  Back  or  th« 

branch    which     runs  Tuiuu  and  Knee. 

down  on  the  surface, 

or  in  the  substance  of  the  great  sciatic  nerve.     It  supplies  the  nerve,  and  anastomoses 
with  the  perforating  arteries  and  with  the  termination  of  the  profunda. 
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luuliar,  and  the  loner  intercostal  arteriea.  (0)  Ontaneons  brancbes  which  patts  from  the 
front  of  the  deep  epigastric  pierce  the  rectus  abdoroinis  and  the  front  part  of  its  sheath, 
and  terminate  in  the  subcutaneous  tissues  nf  the  anterior  abdominal  wall,  where  they 
anastomose  with  corresponding  branches  of  the  opposite  side  and  with  branches  of  the 
superficial  epigastric  artery,  (c)  The  cremuteric  branch  (a.  spermatica  externa  in  the 
male,  a.  ligament)  terctis  uteri  in  the  female)  is  small.  It  descends  through  the  inguinal 
canal  and  anastomoses  with  the  external  pudic  and  superficial  perineal  arteries,  and  in  the 
male  with  the  spermatic  artery  also.  In  the  male  it  accompauiee  the  spermatic  cord, 
supplying  its  coverings,  including  the  cremaster.     Tn  the  female  it  runs  with  the  round 
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ligament,  {d)  The  pubic  branch  (ramus  pubicus)  descends  cither  on  the  outer  or  tbe  inner 
side  of  tbe  crural  ring  to  anastomose  with  the  pubic  branch  of  the  obturator  artery ;  it  also 
anastomoses  with  its  fellow  of  the  opposite  side.  Sometimes  when  the  obturator  branch 
of  the  internal  iliac  artery  is  absent,  the  pubic  branch  of  the  deep  epigastric  artery 
enlarges  and  becomes  the  obtui-ator  artery,  which  descends  to  the  obturator  foramen 
either  on  the  outer  or  the  inner  aide  of  the  crural  ring.  In  the  latter  case  the  artery  may 
be  injured  in  the  operation  for  the  relief  of  a  strangulated  femoral  hernia. 

(2)  The  deep  circumflex  iliac  artery  (n.  circumflexa  ilium  profunda,  Figs.  637 
iind  640)  springs  from  the  outer  aide  of  the  external  iliac  artery,  usually  a  Uttle 
below  the  deep  epigastric,  and  imraediately  above  Poupart's  ligament.  It  runs 
outwards  and  upwards  to  the  anterior  superior  spine  of  the  ilium.  In  this  part  of 
its  course  it  lies  just  abovt'  the  lower  border  of  Poupart's  ligament,  and  is  enclosed 
in  a  fibrous  canal  formed  by  the  union  of  the  tranaversalis  and  iliac  fasciffi.  A 
little  beyond  the  anterior  superior  spine  it  pierces  the  tranaversalis  abdominis,  and 
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is  continued  backwards  between  the  tranBversalis  and   the  internal  oblique,  to 
terminate  by  anastoiuoaiug  with  brancbea  of  the  ilio-lumbar  artery. 

Branches.  —  («) 
JfaBCalar  to  ttiu 
upper  parts  of  the 
BartoriuB  and  the 
tensor  faaaim  femoriK, 
8artoriii«  '^^  '*'  '^^  muscles  of 

the  abdominal  nikll. 
One  of  the  latter 
'"'"f^.Sta  branches    is    fre- 

quently of  consider 

Beet™  rei.iori™  \,       .■' 

Pawa  unci  ""'^  *'**  J    '*■  P'EniCS 


f«n«mi    gpiue    of    the  ilium, 

onrnia      "''*'     attceods    verti- 

R  I      11  reum-      oally     between    the 

ciiuiHcx  irury  transversaliB  and  the 

Pirmt  psrfuiBt-  femoral    internal  oblique,  a>i- 

inguTmj  astomosiDg  with  the 

«iing Hrr^ry  „  lumbar    and    epi- 

gastric  arteries.  ('') 
vumaeiierni  CntaaeooB  bisochM 

pierce  the  int«rtial 
vuiiin  iiiiemi  and  e:itemal  oblique 

muscles.      They  ter- 
minate  in    the  i>kiu 
Ctumi'  over  the  crest  ot  the 

ilium,  and  they  aims 

tomose    with    the 

gluteal,    the    super- 

K  u"  ftiBori  hciaj  circumflex  ilisc 

and  the  ilio-Jumbiir 
arteries. 

THE    FEMORAL 
ARTERY. 

bd    in  ^''®     femoral 

Mim  artery  (a.  femorahs 

■'"''"     Figa.  641  and  6i2 
continues   the   en- 
ciiinr      temal  iliac  into  the 
thigh.        It     com- 
mences at  the  lowtT 
Anwrior  iibii  bopder  of  Poupart's 

ligament,  and,  dv- 
Bcending  tbrou^'li 
the    upper    tvo- 

FW.  flJl.-THE    FBMOn*L    ArTEKV    and    tT3   BkAHCHBH.  thirdfl  of  the  thlj-'b, 

terminates  at  the 
opening  in  the  adductor  magnua.  At  one  time  it  was  customary  to  speak  of  the 
first  one  and  ii  half  inches,  as  far  aa  the  origin  of  the  profimda  branch,  as  the 
common  femoral,  and  to  say  that  it  divided  into  the  auiwrfioial  and  deep  femoral 
branches,  of  which  the  former  was  the  direct  continuation  of  the  common  trunk. 
The  morphology  and  development  of  the  vessel  gives  no  support  for  such  t^nninologr, 
and  it  should  be  discontinued. 

Course. — Its  general  direction  is  indicated  by  a  line  drawn  from  the  point  ot 
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origin  midway  between  the  anterior  superior  spine  of  the  ilium  and  the  symphysis 
pubis  to  the  adductor  tubercle,  the  thigh  being  flexed  and  rotated  outwards. 

In  its  upper  half  the  femoral  artery  lies  in  Scarpa's  triangle,  and  is  comparatively 
superficial;  at  the  apex  of  the  triangle  it  passes  beneath  the  sartorius,  enters 
Hunter's  canal,  and  is  thus  more  deeply  placed. 

At  its  entry  into  Scarpa's  triangle  both  the  artery  and  its  vein  are  enclosed,  for 
a  distance  of  one  and  a  quarter  inches,  in  a  funnel-shaped  fascial  sheath  formed  of 
the  fascia  transversalis  in  front  and  the  iliac  fascia  behind.  This  is  called  the 
franoial  sheath;  it  is  divided  by  septa,  running  from  front  to  back,  into  three 
compartments,  the  outer  of  which  is  occupied  by  the  femoral  artery  and  genito- 
crural  nerve.  The  middle  contains  the  femoral  vein,  and  the  internal  compartment 
constitutes  the  crural  canal. 

Relations. — In  Scarpa's  triangle  the  femoral  artery  is  covered  by  skin  and  fascia, 
by  superficial  inguinal  lymphatic  glands  and  small  superficial  vessels.  The  anterior 
part  of  the  femoral  sheath  and  the  cribriform  fascia  are  in  front  of  the  upper  part  of  the 
artery,  and  the  fascia  lata  is  in  front  of  the  lower  part.  Near  the  apex  of  the  triangle 
the  artery  is  crossed  by  the  internal  cutaneous  nerve,  and  not  infrequently  by  a  tributary 
of  the  internal  saphenous  vein.  Behind,  it  is  in  relation,  from  above  downwards,  with  the 
posterior  part  of  the  femoral  sheath,  the  pubic  portion  of  the  fascia  lata  and  the  psoas, 
the  pectineus,  and  the  upper  part  of  the  adductor  longus  muscles.  The  nerve  to  the 
pectineus  passes  between  the  artery  and  the  psoas ;  the  femoral  vein  and  the  profunda 
artery  and  vein  intervene  between  it  and  the  pectineus,  and  the  femoral  vein  also  separates 
it  from  the  adductor  longus. 

The  femoral  vein  which  lies  behind  the  artery  in  the  lower  part  of  Scarpa's  triangle 
passes  to  its  inner  side  above,  but  is  separated  from  the  artery  by  the  outer  septum  of 
the  femoral  sheath.  On  the  outer  side  of  the  artery  is  the  anterior  crural  nerve  above  ; 
lower  down  the  internal  saphenous  nerve  and  the  nerve  to  the  vastus  intemus  are 
continued  on  the  outer  side.  The  crural  branch  of  the  genito-crural  nerve  is  in  front  and 
to  the  outer  side  above,  and  runs  for  a  short  distance  in  the  femoral  sheath. 

In  Hunter's  canal  the  artery  has  behind  it  the  adductor  longus  and  the  adductor 
magnus,  whilst  in  front  and  to  the  outer  side  is  the  vastus  intemus.  The  femoral  vein  is 
also  behind  the  artery,  but  lies  to  its  outer  side  below  and  to  its  inner  side  above. 
Superficial  to  the  artery  is  the  fascial  roof  of  the  canal,  upon  which  is  the  sub-sartorial 
plexus  of  nerves  and  the  sartorius  muscle.  The  internal  or  long  saphenous  nerve  enters 
Hunter's  canal  with  the  artery,  and  runs  first  on  its  outer  side,  then  in  front,  and  lastly 
on  its  inner  side. 

Branches. — The  femoral  artery  gives  off  the  following  branches  : — 

(1)  Superficial  branches. 

(a)  The  superficial  external  pudic. 

(h)  The  superficial  epigastric. 

(c)  The  superficial  circumflex  iliac. 

(2)  Muscular. 

(3)  The  deep  external  pudic. 

(4)  The  profunda. 

(5)  The  anastomotica  magna. 

(a)  The  superficial  circumflex  iliac  (a.  circumflexa  iUum  superficialis)  springs 
from  the  front  of  the  femoral  artery  just  below  Poupart's  ligament.  It  pierces 
the  femoral  sheath  and  the  fascia  lata,  external  to  the  saphenous  opening,  and 
runs  in  the  superficial  fascia  as  far  as  the  anterior  superior  spine  of  the  ilium. 
It  supplies  the  outer  set  of  inguinal  glands  and  the  skin  of  the  groin,  and  it  sends 
branches  through  the  fascia  lata  which  anastomose  with  the  deep  circumflex  iliac 
and  supply  the  upper  parts  of  the  sartorius  and  tensor  fasciae  femoris  muscles. 

(h)  The  superficial  epigastric  artery  (a.  epigastrica  superficialis)  arises  near 
the  preceding.  It  pierces  the  femoral  sheath  and  the  cribriform  fascia,  and 
psisses  upwards  and  inwards  between  the  superficial  and  deep  layers  of  the  super- 
ficial fascia  of  the  abdominal  wall  towards  the  umbilicus.  It  supplies  the  inguinal 
glands  and  the  integument,  and  anastomoses  with  its  fellow  of  the  opposite  side, 
with  the  deep  epigastric,  and  with  the  superficial  circumflex  iliac  and  superficial 
external  pudic  arteries. 

(c)  The  Buperficial  external  pudic  artery  (a.  pudenda  externa  superficialis)  also 
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springe  from  the  front  of  the  femoral  artery,  and,  after  piercing  the  femoral  sheath 
and  the  cribriform  fascia,  runs  upwards  and  inwards  towards  ihe  spine  of  the 
puhis,  where  it  crosses  superficial  to  the  spermatic  cord.  It  supplies  the  integument 
of  the  lower  part  of  the  abdominal  wall,  the  root  of  the  dorsum  of  the  penis  in  the 
male,  and  the  region  of  the  mons  Yeoeris  in  the  female,  and  it  anastomoses  with 
its  fellow  of  the  opposite  side,  the  deep  external  pudic,  the  dorsal  artery  of  the 
penis,  and  the  superficial  epigastric  arteries. 

(2)  Moscnlar  branches  are   distributed   to  the  pectineus  and  the  adductor 


Icmal  pndli! 
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muscles  on  the  inner  side,  and  to  the  sartorius  and  the  vastus  intemus  on   the 
outer  side. 

(3)  The  deep  external  pndlc  artery  (a.  pudenda  externa  profunda)  rises  from  the 
inner  side  of  the  femoral.  It  rims  inwards,  across  the  front  of  the  pectineus,  and  in 
front  of  or  behind  the  adductor  longus,  to  the  inner  side  of  the  thigh ;  it  then 
pierces  the  deep  fascia,  and  terminates  in  the  scrotum,  where  it  anastomoses  wiih 
the  superficial  perineal  and  superficial  external  pudic  arteries,  and  with  the 
cremaMteric  branch  of  the  deep  epigastric  artery. 

(4)  The  profunda  artery  (a.  profunda  fenioriB,  Fig.  640)  is  the  largest  branch 
(if  the  femoral  artery.  It  arises  about  an  inch  and  a  half  below  Poupart's  ligament. 
from  the  ouU-r  side  of  the  femoral  artery.  Curving  backwards  and  inwards,  it 
passi'S  liehind  the  latter  vessel,  and  runs  downwards,  close  to  the  inner  aspect  of 
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the  femur,  to  the  lower  third  of  the  thigh,  where  it  perforates  the  adductor  inagnus 
and  passes  to  the  back  of  the  thigh.  Its  termination  is  known  as  the  fourth 
perforating  artery.  As  the  profunda  descends  it  lies  in  front  of  the  iliacus,  the 
pectineus,  the  adductor  brevis,  and  the  adductor  magnus.  It  is  separated  from 
the  femoral  artery  by  its  own  vein,  by  the  femoral  vein,  and  by  the  adductor  longus 
muscle  behind  which  it  passes. 

Branches — (a)  Mnscnlar  branches  are  given  off  from  the  profunda  both  in  Scarpa's 
triangle,  and  whilst  it  lies  between  the  adductor  muscleH ;  many  of  them  terminate  in  the 
adductors,  others  pass  through  the  adductor  magnus,  and  terminate  in  the  hamstrings, 
where  they  anastomose  with  the  transverse  branch  of  the  internal  circumflex  and  with 
the  upper  muscular  branches  of  the  popliteal  artery. 

(6)  The  external  drctimilex  artery  (a.  circumflexa  femoris  lateralis,  Figs.  641  and  642) 
springs  from  the  outer  side  of  the  profunda,  or  occasionally  from  the  femoral  artery 
above  the  origin  of  the  profunda.  It  runs  outwards  across  the  front  of  the  iliacus,  and 
between  the  superficial  and  deep  branches  of  the  anterior  crural  nerve,  to  the  outer  border 
of  Scarpa's  triangle ;  then,  passing  behind  the  sartorius  and  the  rectus  femoris,  it  terminates 
by  dividing  into  three  terminal  branches — the  ascending,  the  transverse,  and  the  descend- 
ing. Before  its  termination  it  supplies  branches  to  the  muscles  mentioned  and  to  the 
upper  part  of  the  crureus. 

(l)  The  ascending  terminal  branch  (ramus  ascendens)  runs  upwards  and  outwards,  behind  the 
rectus  femoris  and  the  tensor  fascise  femoris,  along  the  anterior  intertrochanteric  line,  to  the 
anterior  herders  of  the  gluteus  medius  and  minimus,  hetween  which  it  passes  to  anastomose  with 
the  deep  hranches  of  the  gluteal  artery.  It  supplies  twigs  to  the  neignbouring  muscles,  anasto- 
moses with  the  gluteal,  tne  deep  circumflex  iliac,  and  the  transverse  branch  of  the  external 
circumflex  arteries,  and,  as  it  ascends  along  the  anterior  intertrochanteric  line,  gives  off  a  branch 
which  passes  between  the  two  limbs  of  the  Y-shaped  ligament  into  the  hip-joint  (ii)  The 
transverse  terminal  branch,  is  small ;  it  runs  outwards  between  the  crureus  and  the  rectus  femoris, 
passes  into  the  substance  of  the  vastus  extemus,  winds  round  the  femur,  and  anastomoses  with 
the  ascending  and  descending  branches,  with  the  perforating  branches  of  the  profunda,  and  with 
the  sciatic  and  internal  circumflex  arteries,  (lii.)  The  descending  terminal  branch  (ramus 
descendens)  runs  downwards  behind  the  rectus  and  along  the  anterior  border  of  the  vastus 
extemuB  accompanied  by  the  nerve  to  the  latter  muscle.  It  anastomoses  with  the  transverse 
branch,  with  twigs  of  the  inferior  perforating  arteries,  with  the  anastomotic  branch  of  the  femoral, 
and  with  the  superior  external  articular  branch  of  the  popliteal  artery. 

(c)  The  internal  circninflex  artery  (a.  circumflexa  femoris  medialis,  Fig.  641)  springs 
from  the  inner  and  back  part  of  the  profunda,  at  the  same  level  as  the  external  circumflex, 
and  runs  backwards,  through  the  floor  of  Scarpa's  triangle,  passing  between  the  psoas  and 
the  pectineus ;  crossing  the  upper  border  of  the  adductor  brevis  it  is  continued  backwards 
beneath  the  neck  of  the  femur,  and  passes  between  the  adjacent  borders  of  the  obturator 
extemus  and  the  adductor  brevis  to  the  upper  border  of  the  adductor  magnus,  where  it 
divides  into  two  terminal  branches,  a  transverse  and  an  ascending. 

Branches. — fi.)  An  articalar  branch  (ramus  acetabuli)  is  given  off  as  the  artery  passes 
beneath  the  neck  of  the  femur.  It  ascends  to  the  cotyloid  notch  where  it  anastomoses  with 
twi^  from  the  posterior  branch  of  the  obturator  artery,  and  it  sends  branches  into  the  cotyloid 
cavity  and  along  the  ligamentum  teres  to  the  head  of  the  femur.  (iL)  Muscular  branches  are 
ffiven  off  to  the  neighbouring  muscles.  The  largest  of  these  branches  usually  rises  immediately 
before  the  termination  of  the  artery,  it  descends  on  the  anterior  aspect  of  the  adductor  magnus 
and  anastomoses  with  the  muscular  branches  of  the  profunda  artery,  (iii.)  The  ascending  tenSnal 
branch  (ramus  profundus)  passes  upwards  and  outwards,  between  the  obturator  extemus  and  the 

Eidratus  femoris  to  the  digital  fossa  of  the  femur,  where  it  aiiastomoses  with  branches  of  the 
teal  and  the  sciatic  arteries,  (iv.)  The  transverse  terminal  branch  framus  superficialis)  runs 
kwards  between  the  lower  border  of  the  quadratus  feuioris  and  the  upper  border  of  the 
adductor  ma^us  to  the  hamstring  muscles.  It  anastomoses  in  front  of  the  lower  part  of  the 
gluteus  maximus  with  the  sciatic  and  first  perforating  arteries  and  with  the  transverse  branch 
of  the  external  circumflex,  and  in  the  substance  of  the  hamstrings  with  the  muscular  branches 
of  the  profunda 

(d)  The  perforating  arteries  (Fig.  643),  including  the  terminal  branch  of  the  profunda, 
are  four  in  number.  They  curve  backwards  and  outwards  round  the  posterior  aspect  of 
the  femur,  lying  close  to  the  bone,  in  front  of  well-marked  tendinous  arches,  which 
interrupt  the  continuity  of  muscular  attachments;  their  terminal  branches  enter  the 
vastus  extemus  and  anastomose  in  its  substance  with  each  other,  with  the  descending 
branch  of  the  external  circumflex,  with  the  anastomotic,  and  with  the  superior  external 
articular  branch  of  the  popliteal. 
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The  first  pnforfttinf  utar;  (a.  perforans  prims)  pierces  the  insertions  of  the  adductors  brecis 
and  inAgDus,  and  Boine  of  lis  branches  anastomose  in  front  of  the  gluteus  niaiimus  with  ihe 
sciatic,  with  the  transverse  branch  of  the  internal  circumflex,  and  with  the  transverse  brancli 
of  the  external  circumflex,  forming  what  is  known  as  the  crucial  anastomosis. 

The  BKOnd  perforating  art<r7  (a>  perforans  secunda)  pierces  the  adductors  hrevisand  nugniu, 

and     then  passes  bis 

tween  the  gluten; 

maxim  usand  the  shutt 

■""■        head  of  the  biceps  inio 

the  vastus  exteniuA.  k 
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Qj^  branches   of  the  l>op- 

liteal  arterv. 
The   third  (a.  p^r- 
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intcmnn  fonrth  perforatinK 
'^'"  I  artarlM  pa«  through 
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"  arUrr       ^nd  the  short  heaid  i)f 

femoriB     ^^^    biceps    inlo    the 


lar   to    those    of   th'' 
second  perforating. 

A  nntrieiit  branch 
(a.  nuCricia  femori^)  ti> 
the  femur  is  given  oH 
cither  from  the  seconJ 
or  third  perforatiujj 
artery,  usually  thr 
former;  au  additional 


forating  arteries. 

itipg  (5)  The    anas- 

tomotic (a.  genu 
suprema)  arises 
near  the    termina- 

df  tion  of  the  t'emoral 

'^J,  artery  in  the  lower 
part    of    Hunter* 

•p"'         canal,  and  djvitie> 
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into    a    super  filial 

and  a  deep  branch ; 
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separately  from  the 
femoral  trunk. 

(a)    The    saper 
y  fldal  branch  (ramus 

sapheniis)  passes 
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Fid.   943. -THE    ABltUlES   UF   THE   Bl'TrOCK   AND   THE    BACK   Of   THE  end  Of  HmitCr's  CRUal 

THiiiH  ASH  Knek.  with  the  long  SJiplieu 

OQB  nerve,  and  appears  superficially  on  the  inner  side  of  the  knee  between  the  gracili- 
and  the  sartorius.  It  gives  twigs  to  the  integument  of  the  upper  and  inner  part  of 
the  leg,  and  it  anastomoaea  with  the  inferior  internal  articular  artery.  (6)  The  dMp 
branch  (ramus  musculo- art icularis)  descends  in  the  substance  of  the  vastiis  iiiterun- 
ing  the  anterior  asi>eot  of  the  tendon  of  the  adductor  magnue.     It  anastomoxea  will. 
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the  superior  internal  afticular  artery,  and  it  sends  branches  outwards,  one  on  the  surface 
of  the  femur  and  another  along  the  upper  border  of  the  patella,  to  anastomose  with  the 
descending  branch  of  the  external  circumflex,  the  inferior  perforating  artery,  the  superior 
external  articular,  and  the  anterior  tibial  recurrent. 

THE  POPLITEAL  ARTERY. 

The  popliteal  artery  (a.  poplitea)  is  the  direct  continuation  of  the  femoral.  It 
commences  at  the  upper  and  inner  part  of  the  popliteal  space,  under  cover  of  the 
semimembranosus,  and  terminates  at  the  lower  border  of  the  popliteus  muscle,  and 
on  a  level  with  the  lower  part  of  the  tubercle  of  the  tibia,  by  dividing  into  the 
anterior  and  the  posterior  tibial  arteries. 

From  its  origin  the  artery  descends,  with  an  outward  inclination,  to  the  inter- 
space between  the  condyles  of  the  femur,  whence  it  is  continued  vertically  down- 
wards to  its  termination.  , 

Relations. — Anterior. — It  is  in  contact  in  front  and  from  above  downwards  with  the 
popliteal  surface  of  the  femur,  the  posterior  ligament  of  the  knee-joint,  and  the  fascia 
covering  the  posterior  surface  of  the  popliteus. 

Posterior, — The  artery  is  overlapped  behind  by  the  outer  border  of  the  semi- 
membranosus above ;  it  is  crossed  about  its  middle  by  the  popliteal  vein  and  the  internal 
popliteal  nerve,  the  vein  intervening  between  the  artery  and  the  nerve ;  whilst  in  the 
lower  part  of  its  extent  it  is  overlapped  by  the  adjacent  borders  of  the  two  heads  of  the 
gastrocnemius,  and  is  crossed  by  the  nerves  to  the  soleus  and  poplitens  and  by  the 
plantaris  muscle. 

Lateral. — On  its  outer  side  it  is  in  relation  above  with  the  internal  popliteal  nerve  and 
the  popliteal  vein,  then  with  the  outer  condyle  of  the  femur,  and  below  with  the  outer 
head  of  the  gastrocnemius  and  with  the  plantaris. 

On  the  inner  side  it  is  in  relation  above  with  the  semimembranosus,  in  the  middle 
with  the  inner  condyle  of  the  femur,  and  below  with  the  internal  popliteal  nerve,  the 
popliteal  vein,  and  the  internal  head  of  the  gastrocnemius.  Popliteal  lymphatic  glands 
are  arranged  irregularly  around  the  artery. 

Branches. — (1)  Muscular  branches  are  given  off  in  two  sets,  upper  and  lower. 

The  upper  muscular  branches  are  distributed  to  the  lower  parts  of  the  hamstring 
muscles,  in  which  they  anastomose  with  branches  of  the  profunda  artery. 

The  lower  muscular,  or  sural,  arteries  (aa.  surales)  enter  the  upper  parts  of  the  gastro- 
cnemius, the  plantaris,  the  soleus,  and  the  popliteus  muscles,  and  they  anastomose  with 
branches  of  the  posterior  tibial  artery  and  the  lower  articular  arteries. 

(2)  The  articular  branches  are  five  in  number — viz.  upper  and  lower  external,  upper 
and  lower  internal,  and  an  azygos  branch. 

(a)  The  superior  external  articular  artery  (a.  genu  superior  lateralis)  passes  outwards 
above  the  external  condyle,  behind  the  femur  and  in  front  of  the  biceps  tendon,  into  the 
vastus  externus,  where  it  anastomoses  with  the  anastomotic,  the  descending  branch  of  the 
external  circumflex,  and  the  lowest  perforating  artery ;  it  also  sends  branches  downwards 
to  anastomose  with  the  inferior  external  articular  and  with  the  anterior  tibial  recurrent. 

(6)  The  superior  internal  articular  artery  (a.  genu  superior  medialis)  passes  inwards 
above  the  internal  condyle,  behind  the  femur,  and  in  front  of  the  tendon  of  the  adductor 
magnus,  into  the  vastus  internus.  It  anastomoses  with  branches  of  the  anastomotic  and 
of  the  superior  external  articular  artery. 

(c)  The  inferior  external  articular  artery  (a.  gemi  inferior  lateralis)  runs  outwards 
across  the  popliteus  muscle  and  in  front  of  the  plantaris  and  the  external  head  of  the 
gastrocnemius ;  then  turning  forwards,  it  is  joined  by  the  inferior  external  articular  nerve, 
and  passes  to  the  inner  side  of  tlie  external  lateral  ligament.  It  terminates  by  anasto- 
mosing with  its  fellow  of  the  opposite  side  and  with  the  superior  external  articular  and 
anterior  tibial  recurrent  arteries. 

(d)  The  inferior  internal  articular  artery  (a.  genu  inferior  medialis)  passes  inwards 
below  the  inner  tuberosity  of  the  tibia,  along  the  upper  border  of  the  popliteus  and  in 
front  of  the  internal  head  of  the  gastrocnemius,  to  the  inner  side  of  the  knee,  where  it 
turns  forwards  between  the  bone  and  the  internal  lateral  ligament,  and  terminates 
anteriorly  by  anastomosing  with  its  fellow  of  the  opposite  side,  with  the  recurrent  branch 
of  the  anterior  tibial  artery,  and  with  the  superior  internal  articular  artery. 

(e)  The  azygos  articuUur  artery  (a.  genu  media)  passes  directly  forwards  from  the  front 
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of  the  popliteal  artery,  pierces  the  ceutral  part  of  the  posterior  ligament  of  the  knee-joint, 
lind  enters  the  intorcoodylitr  space.  It  supplies  brauches  to  the  crucial  ligaments  and  to 
the  synovial  membrane,  and  is  accompanied  by  the  azygos  articular  branch  of  the  internal 
popliteal  nerve,  and  sometimes  by  the  genicular  branch  of  the  obturator  uerve. 

(3)  Ontaaeous  brancbea  are  distributed  to  the  skin  over  tlie  popliteal  space.     One  uf 

these,  the  superficial  mral  artery, 

descends  in    the  middle   line  of 

a„™i™»  h-  the  back  of  the  calf  alone  with 

the  external  saphenous  nerve. 


TnE  Posterior  Tibial 
Abtkry, 


The  posterior  tibial  artery 

r  mnory  ^^  tibialis  posterior),  tlie  larger 
of  the  two  tenuinal  braocheB 
of  the  popliteal,  commences  iil 

rtibui  '''^  lower  border  of  the  pop- 
liteus  and  terminates  midway 
between  the  tip  of  the  inner 

iruttry  malleolus  and  the  most  pro- 
minent part  of  the  heel,  at  the 
lower  border  of  the  internal 
annular  ligament.     It  ends  by 

ongiu  dividing  into  the  internal  and 
the  external  plantar  arteries, 
which  pass  onwards  to  the  sole 

'™  ""    of  the  foot. 

The  artery  runs  downwards 

'^      and   inwards  on   the   back  of 

the  leg  between  the  superficial 

ngu^  and  deep  layers  of  muscles,  and 
covered  by  the  deep  inter- 
muscular  fascia  which   inter- 

rb  venes  between  them. 

Relations- — Anterior. — It  JB 
in  contact  in  front,  and  from 
above  downwards,  with  the  tibialis 
posticus,  the  flexor  tongus  digit 
orum,  the  posterior  surface  of  the 
tibia,  and  the  posterior  ligament 
:i(  of  the  ankle-joint. 

Poiteriar.  —  The  artery  is 
croesed  about  an  inch  and  a  half 
below  it«  origin  by  the  posterior 
tibial  nerve.  Elsewhere  it  is  in 
contact  with  the  intermuscular 
fascia,  which  binds  down  the  deep 
layer,  of  muscles.  More  super- 
ficially the  upper  half  of  the 
artery  ia  covered  by  the  fleshy 
K  Tibial  aktbiuh  parts  of  the  soleua  and  gastro- 
cnemius muscles,  between  which 
is  the  plantaris ;  the  loner  half 
of  the  artery  is  much  nearer  the  surface,  and  is  only  covered  by  skin  and  fascia,  eicept 
at  its  termination,  where  it  lies  beneath  the  internal  annular  ligament  and  the  ongin  of 
the  abductor  hallucia. 

Lateral.— The  artery  is  accompanied  by  two  ven»  comitea,  one  on  either  side,     ine 

posterior  tibial  nerve  lies  at  first  on  the  inner  side  of  the  vessel,  then  crosses  behmd  it,  and 

-tinued  down  on  its  outer  aide.     In  the  last  part  of  iU  course  the  artery  is  separated 
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from  the  internal  malleolus  by  the  tendons  of  the  tibialis  posticus  and  the  flexor  longus 
digitorum,  whilst  the  tendon  of  the  flexor  longus  hallucis  lies  behind  and  external  to  it. 

Branches. — The  posterior  tibial  gives  ofl"  numerous  branches,  the  largest  of  which, 
the  p«x)neal,  forms  one  of  the  chief  arteries  of  the  leg.     The  branches  include — 

(1)  Two  large  muscular  branches  which  are  distributed  to  the  soleus,  the  tibialis 
posticus,  the  flexor  longus  digitorum,  and  the  flexor  longus  hallucis.  They  anastomose 
with  the  deep  sural  branches  of  the  popliteal  artery  and  the  lower  internal  articular  artery. 

(2)  The  medullary  branch  (a.  nutricia  tibi»),  the  largest  of  the  medullary  group 
of  arteries,  springs  from  the  upper  part  of  the  posterior  tibial,  pierces  the  tibialis 
posticus,  and  enters  the  medullary  foramen  on  the  posterior  surface  of  the  tibia.  In  the 
interior  of  the  bone  it  divides  into  ascending  and  descending  branches,  the  former  passing 
upwards  towards  the  head  of  the  bone,  and  the  latter  downwards  towards  the  lower 
extremity.     Before  entering  the  tibia  the  medullary  artery  gives  small  muscular  branches. 

(3)  A  communicating  branch  (ramus  communicaus)  unites  the  posterior  tibial  to 
the  peroneal  artery  about  an  inch  above  the  inferior  tibio-flbular  articulation.  It  passes 
behind  the  shaft  of  the  tibia  and  in  front  of  the  flexor  longus  hallucis. 

(4)  Cutaneous  branches  are  distributed  to  the  skin  of  the  inner  and  posterior  part  of 
the  leg. 

(5)  An  internal  malleolar  branch  (a.  malleolaris  posterior  medialis)  is  distributed 
to  the  internal  surface  of  the  inner  malleolus,  anastomosing  with  a  corresponding  branch 
of  the  anterior  tibial  artery. 

(6)  The  peroneal  artery  (a.  peronaea.  Fig.  644)  is  the  largest  branch  of  the  posterior 
tibial.  It  arises  about  an  inch  below  the  lower  border  of  the  popliteus,  curves  outwards 
across  the  upper  part  of  the  tibialis  posticus  to  the  postero-internal  border  of  the  fibula, 
along  which  it  descends  to  the  lower  part  of  the  interosseous  space,  and  it  terminates  about 
an  inch  above  the  ankle-joint  by  dividing  into  anterior  and  posterior  terminal  branches. 

As  the  peroneal  artery  passes  outwards  from  its  origin  it  lies  behind  the  tibialis 
posticus,  and  is  covered  posteriorly  by  the  deep  intermuscular  fascia  and  by  the  soleus. 
As  it  descends  along  the  postero-internal  border  of  the  fibula  it  lies  in  a  fibrous 
canal  between  the  tibialis  posticus  in  front  and  the  flexor  longus  hallucis  behind.  The 
peroneal  artery  is  accompanied  by  two  vense  comites,  and  is  crossed  in  front  and  behind 
by  communicating  branches  between  them. 

Branches.-— (a)  Huscolar  branches  are  dlBtributed  to  the  soleus,  tibialis  posticus,  flexor  longus 
hallucis,  and  peroneal  muscles.  Some  pass  through  the  interosseous  membrane  and  supply  the 
anterior  muscles  of  the  leg. 

(5)  A  medullary  branch  (a.  nutricia  fibulae)  enters  the  medullary  foramen  of  the  fibula. 

(e)  A  communicating  branch  (a  commuuicans)  passes  across  the  back  of  the  lower  end  of  the 
shaft  of  the  tibia,  about  an  inch  above  the  inferior  tibio-fibular  articulation,  to  anastomose  with 
the  posterior  tibial  artery. 

(a)  The  terminal  branches  are :  (i.)  The  anterior  terminal  branch  or  anterior  peroneal  artery 
(ramus  perforans),  which  passes  forwards  between  the  lower  border  of  the  interosseous  membrane 
and  the  interosseous  inferior  tibio-fibular  ligament,  and  runs  in  front  of  the  ankle  to  the  dorsum 
of  the  foot,  where  it  anastomoses  with  the  external  malleolar  branch  of  the  anterior  tibial  artery 
and  with  the  tarsal  branch  of  the  dorsalis  pedis ;  it  also  supplies  branches  to  the  inferior  tibio- 
fibular articulation,  to  the  ankle-joint,  and  to  the  peroneus  tertius. 

(iL)  The  posterior  terminal  branch  (ramus  calcaneus  lateralis),  or  posterior  peroneal  artery ,  passes 
downwards  behind  the  inferior  tibio-fibular  articulation  and  external  malleolus  to  the  outer  side 
of  the  heel  and  the  foot  It  supplies  the  ankle,  the  inferior  tibio-fibular  articulation,  and  the 
calcaneo-astragaloid  joint,  and  anastomoses  with  the  internal  calcaneal  branch  of  the  external 
plantar  artery,  and  with  the  tarsal  and  metatarsal  branches  of  the  dorsalis  pedis. 

Plantar  Arteries. 

(7)  The  internal  and  external  plantar  arteries  are  the  terminal  branches  of  the 
posterior  tibial  artery.  They  arise  beneath  the  origin  of  the  abductor  hallucis 
muscle,  midway  between  the  tip  of  the  internal  malleolus  and  the  most  prominent 
part  of  the  inner  side  of  the  os  calcis. 

Internal  Plantar  Artery  (a.  plantaris  medialis). — This  is  the  smaller  of  the  two 
terminal  branches  of  the  posterior  tibial  artery.  It  passes  forwards  along  the 
inner  side  of  the  foot,  in  the  interval  between  the  abductor  hallucis  and  the  flexor 
brevis  digitorum,  to  the  head  of  the  first  metatarsal  bone,  where  it  terminates  by 
uniting  with  the  plantar  digital  branch  of  the  dorsalis  hallucis,  which  is  distributed 
to  the  inner  side  of  the  great  toe.  In  its  course  forwards  it  gives  branches  to  the 
adjacent  muscles  and  articulations,  and  to  the  subjacent  skin ;  it  also  gives  three 
59 
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digital  branches  which  anaBtomose  at  the  roots  of  the  inner  three  interdigital  clefta, 
with  the  princeps  hallucis  branch  of  the  doFBalis  pedis  and  with  the  inner  two  digital 
branches  from  tlie  plantar  arch.  Some  of  the  cutaneous  branches  of  the  internal 
plantar  artery  anastomose,  round  the  inner  Iwrder  of  the  foot,  with  the  inner 
cutaneous  branches  of  the  doraalis  pedis  artery. 

External  Plantar  Artery  (a.  plantaris  lateralis).— This  artery,  the  larger  of  the 
two  terminal  branches  of  the  posterior  tibial  artery,  runs  forwards  and  outwards, 
first  between   the  ''  .-.--.  ■    .. 


brevis  digitoruni  and  the 


i  and  then  in  thu 
interval  between  the 
flexor  brevis  digitoruni 
and  the  abductor  minimi 
digiti,  to  the  inner  side 
of  the  base  of  the  fifth 
metatarsal  bone,  where  it 
turns  abruptly  inwards ; 
I  it  then  passes  across  the 
bases  of  the  metatarsal 
bones  and  the  origins  of 
the  interossei,  and  above 
the  oblique  adductor  of 
the  great  toe,  to  the  outer 
side  of  the  base  of  llie 
first  metatarsal  bone, 
where  it  terminates  by 
anastomosing  with  the 
dorsalis  pedis  artery.  The 
last  part  of  the  artery  is 
convex  forwards  and 
forms  the  plantar  oreh, 
whichis  completed  by  the 
dorsalis  pedis. 


WglUl  HI 


Branches-  —  Betweeu 
its  origin  and  the  liaee  o( 
■•iriilctor  the  fifth  metatareal  the  ex- 

hiiiucia  tenia!  plantar  artery  givts 

otf  (a)  the  Internal caicuinl 
branch,  which  is  distributed 
to  tlie  akin  and  the  sub- 
cutaneous tissue  of  the  heel. 
(6)  Hoscolar  brandiM 
to  the  abductor  liallucis. 
flexor  brevis  digitonim,  ac- 
cessorius,  and  abductor 
minimi  digiti. 

(c)  Cataneona  toaaclief 
to  the  skin  of  the  outer  liide 
Piu.  615.— Tia  Plantak  Ahtehies  asd  thbiu  Bhanchis.  of  the  foot. 

Between  the  base  of  the 
fifth  metatarsal  bone  and  the  first  interusseuus  epace  it  forms  the  plantar  uch  (arcus 
plaiitaria),  and  giveti  of)*  {i^  four  digital  branches  (aa.  metatarwe  plantares) ;  (<)  three 
posterior  perforating  arteries  (rami  perforautes)  to  tbe  dorsal  interosseons  arteries ;  and 
(/}  articnlar  branches  to  the  tarsal  joints. 

Tlic  ontermoflt  digital  branch  runs  along  t)ic  outer  side  of  the  little  toe,  supplying 
the  skin,  joiutu,  and  tlic  ficxur  tetidona  with  their  synovial  sheaths.  The  inner  thiM 
digital  brauchea  run  forwards  on  the  plantar  surfaces  of  the  interossei,  the  iimer  two 
lying  dorsal  to  the  oblique  adductor  of  the  great  toe,  and  all  three  passing  dorsal  to  tbe 
transverse  adductor.  At  the  bases  of  the  interdigital  clefts  the  three  Inner  digital  arteries 
divide  into  collateral  branches  (aa.  digitules  plantarea)  which  run  along  the  plantar  aspect 
of  adjacent  toes,  and  supply  akin,  joints,  and  the  fleaor  tendons  ond  sheatlia  Opposite 
the  last  phalanx  of  each  toe  the  digital  arteries  anastomose. 
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The  posterlmr  perfor&ting  arteries  are  three  in  number  ;  they  p&BB  dorsalwards  through 
the  three  outer  interoeseous  spaces,  between  the  heads  of  the  dorsal  interoaseouB  muacles, 
and  terminate  by  uniting  with  the  doraal  interosseous  branches  of  the  metatarsal  artery. 
Anterioi        perforating 
branches  which  comniuuicate 
with  the  dorsal  interosseous 
art-eriea   are   given    off  from 
two  or  three  ot  the  digital 
arteries     just     before     they   ^"j^"i,"i?!ri^ 

The   articnlar    brancltes  T 

are  numerous  and  im^ular  ;  inf«rior  eiunmi 
thev  supply  the  joints  and  articniir  «rwry 
ligaments  of  the  tarsus  on  its  ,, 

plantar  aspect.  Anterior  tibial 

The  Anterior  Tibial 
Artery. 

The  anterior  tibial  ^'•^'^\"^^y 
artery  (a.  tibialis  anterior), 
the  smaller  of  the  two  ter- 
minal divisiona  of  the  pop-  * 
Uteal,  commences  opposite 
the  lower  border  of  the 
popliteus  muscle,  and  ter- 
minates in  front  of  the 
ankle,  where  it  is  continued 
into  the  dorsal  artery  uf 
the  foot. 

Course  and  Relations.      Antrrior  tibui 
— From  its  origin  at  the  "'"« 

back  of  the  leg  the  artery  . 

passes  forwards  to  the  front,  ^,""^',"1011^"* 
between  the  two  uppermost  digiiorum 

slips  of  the  tibialis  posticus  Eiui,»r  lonpiH 
and  above  the  upper  border  ii«iiuci. 

of  the  interosseous  mem- 
brane.    It    then    descends 
resting,  in  the  upper  two-  *"'=rtorperD^™i 
thirds  of  its  course,  upon  the  Exien^ii 

anterior  surface  of  the  in-     """"'""np))' 
terosseouB  membrane  and, 
subsequently,  on  the  shaft 
of  the  tibia  and  the  anterior        "f"™'  ""*■■)' 

ligament  of  the  ankle-joint.  7 ' 

In  the  upper  third  of  the 
anterior  compartment  of 
the  leg  it  lies  between  the 
extensor  longus  digitorum  — is.'-.-."=.j 
externally  and  the  tibialis 
anticus  internally ;  in  the 
middle  third  it  is  between 

the  extensor  longuahallucis         y,^_  ois.-The  Antbrwb  Twial  Abtebt  A^D  m  Branches. 
and    the   tibialis  antieus; 

in  the  lower  third  the  extensor  longus  hallucis  crosses  in  front  of  the  artery  and 
reaches  its  inner  side,  and  the  last  part  of  the  vessel  lies  between  the  tendon  ot  the 
extensor  longus  hallucis  and  the  innermost  tendon  of  the  extensor  longus  digitorum. 

The  anterior  tibial  nerve  is  at  first  well  to  the  outer  side  of  the  artery,  but  it 
soon  passes  in  front  of  the  vessel,  and  it  lies  in  front  of  the  artery  in  its  middle 
59  a 
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third ;  lower  down  the  nerve  is  usually  found  on  the  outer  side  again,  and  at  the 
ankle  it  intervenes  between  the  artery  and  the  innermost  tendon  of  the  extensor 
longus  digitorum. 

Two  vense  comites,  with  numerous  intercommunications,  accompany  the  artery. 

Obviously  the  anterior  tibial  artery  is,  at  least  in  its  upper  part,  deeply  placed ; 
moreover,  its  lateral  muscular  boundaries  overlap  it.  In  the  greater  part  of  its 
extent  it  is,  however,  easily  accessible  from  the  surface  ;  and  beyond  being  crossed 
by  the  nerve  and  tendon,  as  already  described,  is  only  covered,  in  addition,  by  skin, 
fascia,  and  the  anterior  annular  ligament. 

Branches.— Close  to  its  origin  the  artery  gives  off  superior  fibular  and  posterior 
tibial  recuiTent  bi-anches ;  after  it  reaches  the  front  of  the  leg  it  gives  off  anterior  tibial 
recurrent,  muscular,  cutaneous,  internal  malleolar,  and  external  malleolar  branches. 

(1)  The  superior  fibular  branch  is  a  small  vessel  which  may  arise  separately  from  the 
anterior  tibial  artery,  or  by  a  common  stem  with  the  posterior  tibial  recurrent ;  occasion- 
ally  it  springs  from  the  lower  end  of  the  popliteal  artery,  or  from  the  posterior  tibial. 
It  runs  upwards  and  outwards  behind  the  neck  of  the  fibula  and  through  the  fibres  of 
the  soleus,  and  it  terminates  in  brunches  which  supply  the  soleus,  the  peroneus  longus, 
and  the  skin  of  the  upper  and  outer  part  of  the  leg.  It  anastomoses  with  the  inferior 
external  articular  artery. 

(2)  The  posterior  tibial  recurrent  branch  (a.  recurrens  tibialis  posterior),  also  small, 
and  not  always  present,  runs  upwards  in  front  of  the  popliteus  muscle  to  the  back  of  the 
knee-joint.  It  anastomoses  with  the  inferior  articular  branches  of  the  popliteal,  and 
gives  branches  to  the  popliteus  muscle  and  the  superior  tibio-fibular  articulation. 

(3)  The  anterior  tibial  recurrent  branch  (a.  recurrens  tibialis  anterior)  arises  from  the 
anterior  tibial  artery  in  front  of  the  interosseous  membrane.  It  runs  upwards  and  inwards, 
between  the  upper  part  of  the  tibialis  anticus  and  the  outer  tuberosity  of  the  tibia, 
accompanied  by  the  recurrent  articular  branch  of  the  extenial  popliteal  nerve,  and  after 
supplying  the  tibialis  anticus  and  the  superior  tibio-fibular  articulation  it  pierces  the 
deep  fascia  of  the  leg  ;  it  is  connected  with  the  anastomoses  round  the  knee-joint  formed 
by  the  articular  branches  of  the  popliteal  artery,  the  descending  branch  of  the  external 
circumflex  artery,  and  the  anastomotic  artery. 

(4)  The  muscular  branches  are  distributed  to  the  muscles  of  the  front  of  the  leg, 
and  a  few  small  branches  also  pass  backwards  to  the  deep  surface  of  the  tibialis  poeticiw 
muscle. 

(5)  The  cutaneous  branches  supply  the  skin  of  the  front  of  the  leg. 

(6)  The  internal  malleolar  branch  (a.  malleolaris  anterior  medialis)  arises  from  the 
lower  part  of  the  anterior  tibial  artery,  and  is  smaller  than  its  companion  on  the  outer 
side.  It  runs  inwards,  beneath  the  tibialis  anticus  tendon,  ramifies  over  the  internal 
malleolus,  anastomosing  with  branches  of  the  posterior  tibial  artery,  and  is  distributed  to 
the  skin  and  to  the  ankle-joint. 

(7)  The  external  malleolar  branch  (a.  malleolaris  anterior  lateralis),  more  coustaut 
and  larger  than  the  internal,  passes  outwards  beneath  the  extensor  longus  digitoruui 
and  peroneus  tertius  towards  the  external  malleolus.  It  anastomoses  with  the  ant4?ri<ir 
peroneal  and  tarsal  arteries,  and  supplies  the  ankle-joint  and  the  adjacent  articulatioui<. 

Dorsalis  Pedis  Artery  (a.  dorsalis  pedis). — The  dorsal  artery  of  the  foot  is 
the  direct  continuation  of  the  anterior  tibial ;  it  commences  opposite  the  front  of 
the  ankle-joint,  and  extends  to  the  posterior  extremity  of  the  first  interosseous 
space,  where  it  passes  to  the  plantar  aspect  of  the  foot,  and,  anastomosing  with  the 
termination  of  the  external  plantar  artery,  completes  the  plantar  arch. 

It  is  covered  superficially  by  skin  and  fascia,  including  the  inferior  |)art  of  the 
anterior  annular  ligament,  and  it  is  crossed,  just  Ixjfore  it  reaches  the  first  int*?r- 
osseous  8i)ace,  by  the  innermost  tendon  of  the  extensor  brevis  digitorum.  It  I'ests 
upon  the  anterior  ligament  of  the  ankle,  the  head  of  the  astragalus,  the  aatragalo- 
navicular  ligament,  tlie  dorsum  of  the  navicular  bone,  the  dorsal  nancuh*- 
cuneiforni  and  the  inter-cuneiform  ligaments  between  the  internal  and  middU^ 
cuneiform  bones.  On  its  outer  side  is  the  internal  terminal  branch  of  the  anterior 
tibial  nerve,  which  intervenes  between  it  and  the  extensor  brevis  digitorum  and 
innermost  tendon  of  the  extensor  longus  digitorum.  On  its  inner  side  it  is  in 
relation  with  the  tendon  of  the  extensor  proprius  hallucis.  Two  ven»  comites, 
one  on  each  side,  accompany  the  artery. 
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As  it  passes  through  the  base  of  the  first  interosseous  space  it  lies  between  the 
two  heads  of  the  first  dorsal  interosseous  muscle,  and  in  the  sole  of  the  foot  it  is 
dorsal  to  the  flexor  brevis  hallucis. 

Branches. — -On  the  dorsum  of  the  foot  tlie  dorsalis  pedis  artery  gives  off  cutaneous 
brunches,  the  tarsal  branch,  the  metatarsal  bmnch,  and  tlic  dnrsalin  hallucis  or  first  dorsal 
11    the  sole 


plantar  artery,  it  gives  off  Pnrom  Eit»n«or  longoi 

the  princeps  hajliicia.  "   "'  hilluci* 

(1)  OntaneooB  bruiehes,  ribmiis  intican 
two  or  three  in  number,  are          anwrioi  [utcmaJ 
diHtributed    to  the  skin  on         E,t,niii  iii«]i«ii««rMry 
the  dorsum  and  inner  aide 

of  che  foot ;  they  anastomose 
with  hranchcsof  the  intemiU 
plantar  artery. 

(2)  The  tarsal  bnincli 
(a.  tarsca  lateralin)  is  given 
off  opjiosite  the  head  of  the 

astragalus ;  it  nuis  outwards  Eiteux  [>nr«iit  |<Adis 

beneath  the  eitensor  brevis         dirit^  iinpry 

digitorum,    supplying    that 

muscle  and  the  tarsal  joints,     .r,_,i ,-,. 

and    anastomoses    with 

branches    of    the    anterior 

peroneal,     metatarsal,    and 

external     plantar    arteries, 

and      with      the     external 

malleolar  artery.  *''''*a'«™'  Arterii  dorMiia 

(3)  The   metatarsal  I'^i""' 
srtwr    (a.    arcuata)    arises 

opposite  the  iulenial  cunei-  |nj,„,i^™| 
form  bone.  It  runs  out-  utorie. 
wardH  on  the  bases  of  the 
nieta tarsal  bones,  beneath 
the  long  and  short  extensor 
tendons,  supplies  the  ex- 
tensor brevis,  and  anasto- 
Hiuses  with  branches  of 
the  tarsal  and  external 
plantar  arteries.  It  gives  off 
three  dorsal  interofluooB 
ftrterisB  (aa.  metatarsete 
doraales)  which  run  down- 
wards on  the  muscles  which 
occupy  the  three  outer  inter- 
osseous spaces  to  the  clefts  Fio.  R4T.— The  Ddmsalis  Pkdih  Ahtehv  and  its  BRANcass. 
of    the    toes,    where     each 

divides  into  two  collaUral  digital  branc/ies  (aa.  digitales  dorsales)  for  the  adjacent  sides 
of  the  toes  bounding  the  cleft  to  which  it  goes.  The  outer  side  of  the  little  toe  receives 
a  branch  from  the  outermost  dorsal  intetOHseous  artery.  Each  dorsal  interosseous  artery 
gives  off  a  poiUrior  perforatinif  hi-ani-h  which  passes  through  the  posterior  part  of  the 
interosseous  space,  between  the  heads  of  the  dorsal  interosseous  muscle,  to  anastomose 
with  the  plantar  arch,  and  an  anttrior  perforating  firanch,  which  descends  through  the 
anterior  part  of  the  space  to  anastomose  with  the  corresponding  planUr  digital  artery. 

(4)  The  dorsalis  hallucis  artery  (firat  dorsal  interosseous)  is  continued  forwards 
from  the  dorsal  nrtery  of  the  toot,  and  runs  on  the  dorsal  surface  of  the  first  dorsal 
interosseous  muscle,  "it  ends  by  dividing  into  collateral  dorsal  digital  branches  for  the 
adjacent  sides  of  the  first  and  second  tnes.  Before  it  divides  it  usually  gives  off  a  dorsal 
digital  branch  which  passes  beneath  the  tendon  of  the  extensor  hallucis  to  the  inner  side 
of  the  great  toe. 

(5)  The   princeps  ballncis  (plantar  digital    artery)  springs  from    the  termination  of 
596 
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the  dorsalis  pedis  in  the  sole  of  the  foot ;  it  runs  forwards  in  the  plantar  part  of  the 
first  interosseous  space,  and  divides,  at  the  interdigital  cleft,  into  collateral  digital 
branches  for  the  supply  of  the  adjacent  sides  of  the  first  and  second  toes  on  their  plantar 
aspects.  Before  its  division  it  supplies  a  plantar  digital  branch  to  the  inner  side  of 
the  great  toe. 

THE  VEINS. 

Veins  commence  at  the  terminations  of  the  capillaries.  They  converge  towards 
the  heart,  and  unite  with  one  another  to  form  larger  and  still  larger  vessels,  until 
finally  seven  large  trunks  are  formed  which  open  into  the  auricles  of  the  heart. 
Three  of  these,  the  superior  vena  cava,  the  inferior  vena  cava,  and  the  coronary  siniis, 
belong  to  the  systemic  circulation ;  they  contain  venous  blood,  and  open  into  the 
right  auricle.  The  remaining  four  belong  to  the  pulmonary  circulation  ;  they  return 
arterialised  blood  from  the  lungs,  and  open  into  the  left  auricle. 

In  addition  to  the  systemic  and  pulmonary  veins,  there  is  also  a  third  group  of 
veins,  constituting  the  portal  system,  in  which  blood  from  the  abdominal  part  of 
the  alimentary  canal,  and  from  the  spleen  and  pancreas,  is  conveyed  to  the  liver. 
The  portal  system  is  further  peculiar  in  that  it  both  begins  and  ends  in  capillaries. 
From  its  terminal  capillaries  in  the  liver  the  hepatic  veins  arise,  and  as  these  open 
into  the  inferior  vena  cava  the  blood  of  the  portal  system  is  finally  poured  into  the 
general  systemic  circulation.  The  hepatic  veins  also  receive  blood  supplied  to  the 
liver  by  the  hepatic  arteries. 

PULMONARY  VEINS. 

The  terminal  pnlmonary  veins  (v.  pulmonales.  Figs.  613  and  620),  two  on  each  side, 
open  into  the  left  auricle  of  the  heart.  Their  tributaries  arise  in  capillary  plexuses 
in  the  walls  of  the  pulmonary  alveoli.  By  the  union  of  the  smaller  veins  larger  vessels 
are  formed  which  run  along  the  anterior  aspects  of  the  bronchial  tubes,  and,  uniting 
together,  ultimately  form  a  single  efferent  vessel  in  each  lobe,  which  passes  into  the 
root  of  the  lung.  Thus  there  are  five  main  pulmonary  veins,  but,  immediately 
after  entering  the  root  of  the  lung,  the  vessels  from  the  upper  and  middle  lobes  of 
the  right  lung  join  together,  and  so  only  four  terminal  pulmonary  veins  open  into 
the  left  auricle  of  the  heart.  Neither  the  main  stems  nor  their  tributaries  possess 
valves. 

Relations. — In  the  root  of  the  lung  the  upper  pulmonary  vein  on  each  side  hes 
below  and  in  front  of  the  pulmonary  artery.  The  lower  pulmonary  vein  on  each 
side  is  in  the  lowest  part  of  the  root,  and  it  is  placed  much  farther  back  than  the 
upper  vein. 

On  the  right  side  the  upper  pulmonary  vein  passes  behind  the  superior  vena  cava»  and 
the  lower  behind  the  right  auricle.  They  both  terminate  in  the  upper  and  back  part  of 
the  left  auricle  close  to  the  interauricular  septum. 

On  the  left  side  both  upper  and  lower  pulmonary  veins  cross  the  front  of  the  descend- 
ing aorta,  and  they  terminate  in  the  upper  and  back  part  of  the  left  auricle  near  its  left 
border. 

All  four  pulmonary  veins  perforate  the  fibrous  layer  of  the  pericardium,  and  receive 
partial  coverings  of  the  serous  layer  before  they  enter  the  auricle. 

SYSTEMIC  VEINS. 

The  systemic  veins  return  blood  to  the  right  auricle  of  the  heart  through  the 
superior  vena  cava,  the  inferior  vena  cava,,  and  the  coronary  sinus.  The  two  first- 
named  receive  blood  from  the  veins  of  the  body  and  limbs  and  from  most  of  the 
abdominal  and  ])elvic  viscera.  The  coronary  sinus  receives  blood  from  the  veins  of 
the  walk  of  the  heart  alone. 

Gteneral  arrangement. — The  veins  of  the  body  wall  and  Umbs  form  two  groups 
— (1)  the  superficial  veins ;  (2)  the  deep  veins. 

The  superficial  veins,  which  commence  in  the  capillaries  of  the  skin  and  sub- 
cutaneous tissues,  lie  in  the  superficial  fascia,  and  are  very  numerous.      They 
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frequently  anastomose  with  one  another,  and  they  also  communicate  with  the  deep 
veins,  in  which,  after  piercing  the  deep  fascia,  they  terminate.  They  may  or  may 
not  accompany  superficial  arteries. 

The  deep  yeins  accompany  arteries,  and  are  known  as  vence  comiUs.  The  large 
arteries  have  only  one  accompanying  vein,  but  with  the  medium-sized  and  small 
arteries  there  are  usually  two  venae  comites,  which  freely  anastomose  with  each 
other  by  short  transverse  branches  of  communication. 

Visceral  Tains  usually  accompany  the  arteries  which  supply  viscera  in  the 
head,  neck,  thorax,  and  abdomen.  As  a  rule  there  is  only  one  vein  with  each 
visceral  artery,  and,  with  the  exception  of  those  which  enter  into  the  formation  of 
the  portal  system,  they  terminate  in  the  deep  systemic  veins. 

THE  CORONARY  SINUS  AND  THE  VEINS  OF  THE  HEART. 

The  coronary  sinus  (sinus  coronarius.  Fig.  613)  is  a  short,  but  relatively  wide, 
venous  trunk  which  receives  the  majority  of  the  veins  of  the  heart.  It  lies  in  the 
inferior  portion  of  the  auriculo- ventricular  sulcus,  between  the  left  auricle  and 
the  left  ventricle,  and  it  is  covered  superficially  by  some  of  the  muscular  fibres  of 
the  auricle. 

It  terminates  in  the  lower  and  back  part  of  the  right  auricle,  between  the  orifice 
of  the  inferior  vena  cava  on  the  right,  and  the  right  auriculo-ventricular  orifice  in 
front ;  an  imperfect  valve,  consisting  of  one  or  two  cusps,  called  the  valve  of 
Thebesius,  is  situated  at  the  opening  of  the  sinus  into  the  auricle. 

The  apertures  of  all  the  tributaries  of  the  coronary  sinus,  except  that  of  the 
oblique  vein,  are  provided  with  valves,  which,  however,  are  frequently  incompetent. 

Tributaries. — (1)  The  great  cardiac  or  left  coronary  vein  (v.  cordis  magna,  Fig.  614) 
commences  at  the  apex  of  the  heart.  It  ascends  in  the  anterior  interventricular  sulcus 
to  the  auriculo-ventricular  groove ;  it  then  turns  to  the  left,  and,  passing  round  the  left 
margin  of  the  heart  into  the  poster© -inferior  part  of  the  auriculo-ventricular  groove, 
terminates  in  the  left  extremity  of  the  coronary  sinus.  It  receives  tributaries  from  the 
walls  of  both  ventricles  and  from  the  wall  of  the  left  auricle.  It  also  receives  the  left 
marginal  vein,  which  commences  at  the  lower  extremity  of  the  left  margin  of  the  heart, 
along  which  it  ascends  to  its  termination. 

(2)  Small  cardiac  or  right  coronary  vein  (v.  cordis  parva). — This  vein  is  very  vari- 
able ;  as  a  rule  it  commences  at  the  right  margin  of  the  heart  in  the  auriculo-ventricular 
sulcus,  passes  to  the  left,  and  terminates  in  the  coronary  sinus  near  its  right  end.  It 
receives  tributaries  from  the  walls  of  the  right  auricle  and  the  right  ventricle  ;  one  from 
the  latter,  the  right  marginal  vein,  ascends  along  the  right  margin  of  the  heart,  and 
sometimes  opens  directly  into  the  right  auricle. 

(3)  The  obUqne  vein  of  Marshall  (v.  obliqua  atrii  sinistri,  Fig.  613)  is  a  small  venous 
channel  which  descends  obliquely  on  the  posterior  wall  of  the  left  auricle  and  terminates 
in  the  coronary  sinus.  Its  orifice  is  not  provided  with  a  valve.  It  is  of  special  interest, 
inasmuch  as  it  represents  the  left  superior  vena  cava  of  some  other  mammals,  and  is 
developed  from  the  left  duct  of  Cuvier. 

(4)  The  inferior  intenrentricnlar,  inferior  cardiac,  or  middle  cardiac  vein  (v.  cordis 
media),  commences  at  the  apex  of  the  heart,  and,  passing  backwards  in  the  inferior 
interventricular  sulcus,  terminates  in  the  right  end  of  the  coronary  sinus.  It  receives 
tributaries  from  the  inferior  parts  of  the  walls  of  both  ventricles. 

Veins  of  the  heart  which  do  not  end  in  the  coronary  sinns. — (a)  The  anterior 
cardiac  veins  (vv.  cordis  anteriores)  are  two  or  three  small  vessels  which  ascend  on  the 
anterior  wall  of  the  right  ventricle  to  the  auriculo-ventricular  groove,  where  they 
either  end  separately  in  the  right  auricle  or  terminate  in  the  commencement  of  the 
small  cardiac  vein,  {b)  The  venas  minimce  cordis. — A  number  of  small  veins  which 
commence  in  the  substance  of  the  walls  of  the  heart,  and  terminate  directly  in  its  cavities, 
principally  in  the  auricles ;  some  few,  however,  open  into  the  ventricles. 

THE  SUPERIOR  VENA  CAVA  AND  ITS  TRIBUTARIES. 

The  raperior  vena  cava  (Figs.  619  and  620)  returns  the  blood  from  the  head 
and  neck,  the  upper  extremities,  the  thoracic  wall,  and  a  portion  of  the  upper  part 
59  c 
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of  the  posterior  wall  of  the  abdomen.  It  is  formed,  at  the  lower  border  of  the  first 
right  costal  cartilage,  by  the  union  of  the  two  innominate  veins,  and  it  descends, 
with  a  slight  convexity  to  the  right,  to  the  level  of  the  third  right  costal  cartilage, 
where  it  opens  into  the  upper  and  back  part  of  the  right  auricle.  It  is  about 
three  inches  (7*5  cm.)  long ;  in  the  lower  half  of  its  extent  it  is  enclosed  within 
the  fibrous  layer  of  the  pericardium,  and  it  is  covered  in  front  and  laterally  by  the 
serous  layer. 

Relations. — It  is  overlapped  in  frcmt  by  the  margins  of  the  right  lung  and  pleural 
sac  and  by  the  asceudiug  aorta.  The  lung  and  pleura  intervene  between  it  and  the 
second  and  third  costal  cartilages,  the  internal  intercostal  muscles  in  the  first  and  second 
intercostal  spaces,  and  the  internal  mammary  vessels.  It  is  in  relation  behind  with  the 
right  vagus  nerve,  the  vena  azygos  major,  the  right  bronchus,  the  right  pulmonary  artery, 
and  the  upper  right  pulmonary  vein.  On  its  left  side  are  the  commencemeut  of  the 
innominate  artery  and  the  ascending  portion  of  the  aorta,  whilst  on  the  right  mie  it  is 
in  close  relation  with  the  right  pleura,  the  phrenic  nerve  and  comes  nervi  phrenici 
vessels  intervening. 

Tributaries. — In  addition  to  the  two  innominate  veins,  by  the  union  of  which  it  is 
formed,  the  superior  vena  cava  only  receives  one  large  tributary,  viz.  the  vena  azygos 
major ;  but  several  small  pericardial  and  mediastinal  veins  open  into  it. 

The  Azygos  Veins. 

The  vena  azygos  major  (v.  azygos,  Fig.  660)  commences  either  from  the  back  of 
the  inferior  vena  cava,  at  the  level  of  the  right  renal  vein,  or  as  the  direct  upward 
continuation  of  an  anastomosing  channel  which  connects  together  the  lumbar 
veins  of  the  right  side,  and  which  is  known  as  the  right  ascending  lumbar  vein. 
The  great  azygos  vein  ascends  through  the  aortic  orifice  of  the  diaphragm,  and 
is  continued  upwards  through  the  posterior  medieistinum.  In  the  upper  part  of 
its  course,  it  first  passes  behind  and  then  arches  forwards  above  the  root  of  the 
right  lung  to  its  termination  in  the  posterior  part  of  the  superior  vena  cava, 
immediately  before  the  latter  vessel  pierces  the  pericardium.  It  frequently 
possesses  imperfect  valves. 

Relations. — In  the  abdomen  it  lies  on  the  bodies  of  the  upper  lumbar  vertebne, 
behind  the  right  crus  of  the  diaphragm  and  the  inferior  vena  cava,  and  to  the  right  side 
of  the  thoracic  duct. 

In  the  thorax  it  lies  on  the  bodies  of  the  lower  eight  dorsal  vertebrw,  the  interveniog 
discs,  and  the  anterior  common  ligament,  and  it  crosses  in  front  of  the  right  aortic  inter- 
costal arteries.  In  the  lower  part  of  the  posterior  mediastinum  it  is  covered  in  front  by  the 
right  pleura  and  lung ;  at  a  higher  level  it  is  overlapped  by  the  right  margin  of  th^  (sarh 
phagus,  and  immediately  before  its  termination  it  is  crossed  by  the  root  of  the  right  luug. 

On  its  right  side  it  receives  the  right  posterior  intercostal  veins.  On  its  left  side  it  is 
in  relation,  in  the  greater  part  of  its  extent,  with  the  thoracic  duct  and,  as  it  arches  fur- 
wards  over  the  root  of  the  lung,  with  the  right  vagus  nerve.  About  the  level  of  the  seventh 
dorsiil  vertebra  it  receives  the  vena  azygos  minor  superior,  whilst  at  the  level  of  the 
eighth  dorsal  vertebra  the  vena  azygos  minor  inferior  opens  into  it. 

In  addition  to  the  left  azygos  veins  it  receives  the  right  posterior  intercostal  veins, 
except  that  from  the  first  space  but  including  the  right  superior  intercostal  vein,  the 
right  subcostal  vein,  and,  through  the  ascending  lumbar  vein,  the  upper  right  lumbar 
veins.  It  also  receives  the  right  bronchial  veins  and  some  small  oesophageal,  pericardial, 
and  mediastinal  tributaries.. 

The  vena  azygos  minor  superior  (v.  hemi-azygos  accessoria)  is  formed  by  the  uniou  of 
the  fourth,  fifth,  sixth,  and  seventh  left  posterior  intercostal  veins.  It  lies  in  the  posterior 
mediastinum  on  the  left  sides  of  the  bodies  of  the  fifth,  sixth,  and  seventh  dorsal  vertebnc, 
and  crosses  the  spine  from  left  to  right  opposite  the  body  of  the  seventh  dorsal  vertebnu 
passing  behind  the  aorta,  oesophagus,  and  thoracic  duct ;  it  terminates  in  the  vena  azygos 
major.  It  receives  the  left  bronchial  veins,  some  small  posterior  mediastinal  veins  also 
open  into  it,  and  it  communicates  with  the  left  superior  intercostal  vein. 

Tlie  vena  azygos  minor  inferior  (v.  hcmi-azygos)  commences  in  the  epigastric  regioo. 
At  its  origin  it  is  connected  either  with  the  left  ascending  lumbar  vein  or  with  the  left  renal 
vein.     After  piercing  the  left  crus  of  the  diaphragm  it  ascends  on  the  left  sides  of  the 
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bodies  of  the  lower  dorsal  vertebree,  and  opposite  the  eighth  dorsal  vertebra  it  turns  to  the 
right,  crosses  the  front  of  the  spine  behind  the  aorta,  oesophagus,  and  thoracic  duct,  and 
terminates  in  the  vena  azjgos  major.  As  it  ascends  in  the  posterior  mediastinum  it 
lies  internal  to  the  sympathetic  cord,  behind  the  roots  of  the  splanchnic  nerves,  and 
superficial  to  the  lower  left  intercostal  arteries.  Through  the  left  ascending  lumbar 
vein  it  receives  blood  from  the  upper  lumbar  veins  of  the  left  side;  the  lower  four 
posterior  intercostal  veins,  the  left  subcostal  vein,  and  small  mediastinal  tributaries  also 
terminate  in  it. 

Not  infrequently  the  upper  and  lower  minor  azygos  veins  unite,  opposite  the  seventh 
or  eighth  dorsal  vertebra,  to  form  a  common  trunk  which  terminates  in  the  azygos  major. 

The  bronchial  veins  do  not  quite  correspond  to  the  bronchial  arteries,  and  they  are 
not  found  on  the  walls  of  the  smallest  bronchi.  On  each  side  the  tributaries  run  in  front 
of  and  behind  the  bronchial  tubes  to  the  root  of  the  lung,  where  they  unite,  as  a  rule, 
into  two  small  trunks ;  those  of  the  right  side  open  into  the  vena  azygos  major,  and  those 
of  the  left  into  the  vena  azygos  minor  superior,  or  into  the  left  superior  intercostal  vein. 
On  both  sides  they  are  joined  by  tracheal  and  posterior  mediastinal  veins.  Some  few 
small  bronchial  veins,  including  most  of  those  from  the  smaller  tubes,  open  into  the 
pulmonary  veins. 

Intercostal  Veins. — There  are  two  sets  of  intercostal  veins  (vv.  intercostales),  the 
anterior  and  the  posterior. 

The  anterior  intercostal  veins  are  tributaries  of  the  internal  mammary  or  of  the 
musculo-phrenic  veins,  and  are  described  with  those  vessels  (p.  874). 

The  posterior  intercostal  veins  (Fig.  660)  are  eleven  in  number  on  each  side.  A 
single  vein  runs  in  each  intercostal  space  ;  it  is  situated  in  the  subcostal  groove  above  the 
corresponding  artery. 

On  the  right  side  the  posterior  intercostal  vein  of  the  first  space  accompanies  the 
superior  intercostal  artery  across  the  front  of  the  neck  of  the  first  rib,  and  terminates 
in  the  vertebral  or  innominate  vein.  The  second,  third,  and  fourth  intercostal  veins  of 
the  right  side  unite  together  to  form  a  common  trunk,  the  right  superior  intercostal  vein 
(v.  intercostalis  suprema  dextra),  which  terminates  by  joining  the  vena  azygos  major.  The 
fifth  to  the  eleventh  posterior  intercostal  veins  of  the  right  side  open  separately  in  the 
vena  azygos  major. 

On  the  left  side  the  first  posterior  intercostal  vein  follows  a  course  similar  to  that 
taken  by  the  corresponding  vein  on  the  right  side,  and  terminates  in  the  left  vertebral  or 
innominate  vein.  The  second,  third,  and  fourth  posterior  intercostal  veins  of  the  left  side 
unite  to  form  the  left  superior  intercostal  vein  (v.  intercostalis  suprema  sinistra),  which 
runs  from  behind  forwards  along  the  left  and  anterior  aspect  of  the  aortic  arch.  It  passes 
obliquely  between  the  left  vagus  and  phrenic  nerves,  crosses  the  root  of  the  left 
subclavian  artery,  an^  ends  in  the  lower  part  of  the  left  innominate  vein.  The  fifth, 
sixth,  seventh,  and  eighth  posterior  intercostal  veins  of  the  left  side  terminate  in  the 
vena  azygos  minor  superior,  and  the  ninth,  tenth,  and  eleventh  in  the  vena  azygos  minor 
inferior. 

Each  posterior  intercostal  vein  is  provided  with  valves,  both  at  its  termination  and 
along  its  course,  which  prevent  the  blood  flowing  towards  the  anterior  aspect  of  the 
thoracic  wall.  Its  tributaries  are  derived  from  the  adjacent  muscles  and  bones,  and  a 
short  distance  from  its  termination  it  receives  a  dorsal  tributary  which  passes  forwards 
to  it  between  the  transverse  processes  of  the  vertebra3.  This  dorsal  vessel  is  formed  by 
the  union  of  small  veins  which  issue  from  the  muscles  of  the  back,  from  the  anterior  and 
posterior  spinal  plexuses  which  lie  respectively  in  front  of  the  bodies  and  behind  the 
arches  of  the  vertebraB,  and  by  venous  channels  which  issue  through  the  intervertebral 
foramina ;  the  latter  vessels  commence  in  the  spinal  canal,  where  they  are  connected  with 
the  anterior  and  posterior  spinal  veins. 

The  Innominate  Veins. 

The  innominate  or  brachio-cephalic  veins  (vv.  anonymse  dextra  et  sinistra 
Figs.  619  and  620),  two  in  number,  right  and  left,  return  blood  from  the  head  and 
neck,  the  upper  extremities,  the  upper  part  of  the  posterior  wall  of  the  thorax,  the 
anterior  wall  of  the  thorax,  and  the  upper  part  of  the  anterior  wall  of  the  abdomen. 
Each  innominate  vein  commences  behind  the  sternal  end  of  the  clavicle  of  the 
corresponding  side,  and  is  formed  by  the  union  of  the  internal  jugular  and  sub- 
clavian veins;  the  two  innominate  vein^  terminate  by  uniting  together,  at  the 
lower  border  of  the  cartilage  of  the  first  rib  on  the  right  side,  to  form  the  superior 
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vena  cava.  To  reach  this  point  the  left  vein  has  to  pass  from  left  to  right  behind 
the  manubrium  sterni,  and  it  is  therefore  about  three  times  as  long  as  the  right 
vein.     The  innominate  veins  do  not  possess  valves. 

The  right  innominate  vein  is  a  little  more  than  one  inch  (3  cm.)  in  length. 
It  descends  almost  vertically  to  the  lower  border  of  the  first  costal  cartilage,  and 
terminates  in  the  superior  vena  cava. 

Relations. — It  is  in  relation  iu  front  with  the  sternal  end  of  the  clavicle  and  the 
stemo-hyoid  and  stemo-thyroid  muscles.  It  partly  overlaps  the  innominate  artery,  which 
lies  to  its  left  side,  and  it  is  in  front  of  the  right  vagus  nerve  and  the  posterior  part  of  the 
upper  end  of  the  right  pleural  sac.  The  phrenic  nerve  and  the  accompanying  vessels  ruD 
along  its  right  side,  and  intervene  between  it  and  the  right  pleural  sac. 

Tributaries. — In  addition  to  the  veins  by  the  union  of  which  it  is  formed,  the  right 
innominate  vein  receives  the  right  vertebral  and  internal  mammary  veins,  and  sometimes 
the  right  inferior  thyroid  vein  and  the  first  right  posterior  intercostal  vein.  The  right 
lymphatic  duct  also  opens  into  it. 

The  left  innominate  vein  passes  from  left  to  right,  with  a  slight  obUquity 
downwards,  behind  the  upper  part  of  the  manubrium  sterni,  to  the  lower  border 
of  the  first  right  costal  cartilage,  where  it  terminates  in  the  superior  vena  cava. 
It  is  a  little  less  than  three  inches  long  (6  to  7'5  cm.) 

Relations. — It  is  covered  in  front,  in  the  greater  part  of  its  extent,  by  the  sterno- 
hyoid and  sterno-thyroid  muscles,  but  at  its  right  extremity  it  is  slightly  overlapped  bj 
the  right  pleiura,  and  in  the  middle  line  the  remains  of  the  thymus  gland  intervene 
between  it  and  the  posterior  surface  of  the  sternum.  It  rests  posteriorly  upon  the  left 
subclavian  artery,  the  left  phrenic,  and  the  left  vagus  nerves,  the  left  superior  cardiac 
branch  of  the  sympathetic,  the  inferior  cervical  branch  of  the  left  vagus,  the  left  oommoo 
carotid  artery,  the  trachea,  and  the  innominate  artery. 

Its  lower  border  is  in  relation  with  the  arch  of  the  aorta,  and  on  its  upper  border  it 
receives  the  inferior  thyroid  vein  of  one  or  both  sides. 

Tributaries. — It  receives  the  vertebral,  internal  mammary,  inferior  thyroid,  and 
superior  intercostal  veins  of  its  own  side,  the  first  left  posterior  intercostal  vein,  and 
some  pericardial,  thymic,  anterior  bronchial,  and  anterior  mediastinal  veins.  Sometimes 
the  right  inferior  thyroid  vein  joins  it,  but  usually  this  vessel  terminates  in  the  right 
innominate  vein  or  in  the  commencement  of  the  superior  vena  cava. 

The  thoracic  duct  opens  into  it  just  at  the  angle  of  junction  of  the  internal  jugular 
and  subclavian  veins. 

Internal  mammary  veins  (w.  mammarisQ  intemae). — Each  internal  mammary 
artery  is  accompanied  by  venee  comites;  they  commence  by  the  union  of  the  vens 
comites  of  the  superior  epigastric  and  musculo-phrenic  arteries,  between  the  sixth  costal 
cartilage  and  the  triangularis  sterni,  and  at  the  upper  part  of  the  thorax  they  fuse  into  a 
single  vessel  which  enters  the  superior  mediastinum  and  ends  in  the  innominate  vein  of  the 
same  side. 

The  tributaries  of  the  internal  mammary  veins  are — (a)  The  ven»  comites  of  the 
superior  epigastric  and  mosculo-phrenic  arteries,  which  in  their  turn  receive  tributaries 
which  correspond  with  the  branches  of  the  arteries  they  accompany,  (b)  Six  anterior 
perforating  veins  which  accompany  the  corresponding  arteries,  one  lying  in  each  of  the 
upper  six  intercostal  spaces,  (c)  Twelve  anterior  intercostal  veins  from  the  upper  six 
intercostal  spaces,  two  veins  lying  in  each  space  with  the  corresponding  branches  of  the 
internal  mammary  artery,  (d)  Small  and  irregular  pleural,  muscular,  mediastinal,  and 
sternal  veins. 

The  internal  mammary  veins  are  provided  with  uiuuerous  valves  which  prevent  the 
blood  from  flowing  downwards. 

Superior  epig^astric  veins  (w.  epigastricee  superiores). — The  venae  comites  of  the 
superior  epigastric  artery  receive  tributaries  from  the  substance  of  the  rectus  abdominis, 
the  sheath  of  the  muscle,  and  the  superjacent  skin  and  fascia ;  they  pass  with  the  artery, 
between  the  sternal  and  costal  origins  of  the  diaphragm,  and  terminate  in  the  internal 
mammary  veins. 

Musculo-phrenic  veios. — The  vense  comites  of  the  musculo-phrenic  artety  com- 
meuce  in  the  abdomen,  pass  through  the  diaphragm  with  the  artery,  and  terminate  in 
the  internal  mammary  veins.  They  receive  as  tributaries  the  anterior  intercostal  veins  of 
the  seventh,  eighth,  and  ninth  intercostal  spaces,  and  small  venules,  from  the  substauce  of 
the  diaphragm. 
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Vertebral  Veins  (w.  vertebrales). — These  correspond  only  to  the  extra-cranial 
parts  of  the  vertebral  arteries.  Each  commences  bj  the  union  of  offsets  from 
the  intraspinal  venous  plexuses,  and,  issuing  from  the  spinal  canal,  passes  across 
the  posterior  arch  of  the  atlas  with  the  vertebral  artery  to  the  foramen  in  the 
trtinsverse  process  of  the  atla&  It  then  descends  through  the  foramina  in  the 
cervical  transverse  processes,  and  breaks  up  into  a  plexus  of  venous  channels  which 
surround  the  artery.  At  the  lower  part  of  the  neck  these  channels  unite  to  form 
a  single  trunk  which  issues  from  the  foramen  in  the  transverse  process  of  the 
sixth  cervical  vertebra,  and  descends,  in  the  interval  tetween  the  longus  colli  and 
scalenus  anticus  muscles,  to  terminate  in  the  upper  and  back  part  of  the  innominate 
vein,  where  it  possesses  a  imi-  or  bi-cuspidate  valve. 

Relations. — In  the  first  part  of  its  course  the  vein  lies  in  the  suboccipital  triangle. 
The  second,  plexiform  portion,  is  in  the  canal  formed  by  the  foramina  in  the  transverse 
processes  of  the  cervical  vertebrse,  and,  with  the  artery  which  it  surrounds,  lies  in  front  of 
the  trunks  of  the  cervical  spinal  nerves.  The  third  part,  in  the  root  of  the  neck,  is 
between  the  longus  colli  and  scalenus  anticus  muscles,  in  front  of  the  first  part  of  the 
vertebral  artery,  and  behind  the  internal  jugular  vein. 

Tributaries. — In  addition  to  the  oifsets  from  the  intraspinal  venous  plexuses  by  the 
union  of  which  it  is  formed,  each  vertebral  vein  receives  the  following  tributaries : — (a) 
Small  vessels  which  issue  from  the  muscles,  ligaments,  and  bones  of  the  deeper  parts  of  the 
neck,  and  the  lower  and  back  part  of  the  head.  (/>)  Offsets  from  the  intraspinal  venous 
plexuses  which  pass  out  of  the  spinal  canal  by  the  intervertebral  foramina,  (c)  The 
anterior  deep  cervical  or  anterior  vertebral  vein,  a  vessel  which  is  formed  by  the  union  of 
tributaries  which  issue  from  a  venous  plexus  which  lies  in  front  of  the  bodies  and 
on  the  roots  of  the  transverse  processes  of  the  cervical  vertebrae.  This  vessel  accompanies 
the  ascending  cervical  artery,  and  terminates  in  the  lower  part,  of  the  vertebral  vein, 
immediately  after  the  latter  has  issued  from  the  foramen  in  the  sixth  cervical  transverse 
process,  (d)  The  posterior  deep  cervical  (v.  cervicalis  profunda)  or  posterior  vertebral 
Tain ;  this  commences  in  the  suboccipital  triangle  from  a  venous  plexus  "with  which 
the  vertebral  and  occipital  veins  communicate.  It  descends  behind  the  transverse 
processes  of  the  cervical  vertebrse  in  company  with  the  profunda  cervicis  artery,  turns 
forwards  at  the  root  of  the  neck,  between  the  transverse  processes  of  the  sixth  and 
seventh  cervical  vertebrBe  or  between  the  latter  and  the  neck  of  the  first  rib,  and  opens 
into  the  vertebral  vein.  It  receives  blood  from  the  muscles,  ligaments,  and  bones  of  the 
back  of  the  neck,  (e)  The  posterior  intercostal  vein  from  the  first  intercostal  space  some- 
times opens  into  it. 

Occasionally  the  venous  plexus  round  the  vertebral  artery  ends  below  in  two  terminal 
trunks,  anterior  and  posterior,  instead  of  one.  In  these  cases  the  second  terminal  vessel 
lies  behind  the  lower  part  of  the  vertebral  artery,  passes  through  the  foramen  in  the 
transverse  process  of  the  seventh  cervical  vertebra,  and  turns  forwards  on  the  outer  side 
of  the  artery  to  join  the  anterior  trunk,  thus  forming  a  common  terminal  vein  which 
ends  in  the  usual  manner. 

Inferior  Thyroid  Veins  (w.  thyreoideae  inferiores). — Each  inferior  thyroid 
vein  conmiences  by  the  union  of  a  series  of  tributaries  which  issue  from  the 
isthmus  and  the  corresponding  lateral  lobe  of  the  thyroid  body.  The  two  veins 
descend  along  the  front  of  the  trachea  into  the  superior  mediastinum,  where  the 
right  inferior  thyroid  vein  terminates  in  the  junction  of  the  two  innominate  veins, 
and  the  left  in  the  upper  part  of  the  left  innominate  vein ;  or  the  two  veins  unite 
to  form  a  single  trunk,  which  usually  ends  in  the  left  innominate  vein,  but  occa- 
sionally in  the  right.  In  their  descent  through  the  neck  the  inferior  thyroid  veins 
frequently  anastomose  together,  and  sometimes  these  anastomoses  are  so  frequent 
and  irregular  that  a  venous  plexus  is  formed  in  front  of  the  lower  cervical  portion 
of  the  trachea. 

VEINS  OF  THE  HEAD  AND   NECK. 

Internal  jognlar  veins  (Figs.  620  and  650). — Each  internal  jugular  vein  (v. 
jugularis  interna)  commences  in  the  posterior  compartment  of  the  jugular  foramen, 
as  the  direct  continuation  of  the  lateral  sinus,  and  terminates  behind  the  sternal 
part  of  the  clavicle  by  uniting  with  the  subclavian  vein  of  the  same  side  to  form 
the  innominate  vein. 
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At  its  conmiencement  it  is  dilated,  forming  the  biilb  of  the  jugular  vein,  and 
in  this  situation  it  lies  behind  and  somewhat  to  the  outer  side  of  the  internal 
carotid  artery  and  the  last  four  cranial  nerves.  As  it  descends  it  accompanies 
first  the  internal  and  then  the  common  carotid  artery ;  inclining  forwards  during 
its  descent,  it  gradually  passes  from  its  original  position,  behind  and  to  the  outer 
side  of  the  internal  carotid  artery,  and  lies  more  completely  to  the  outer  side  of  the 
internal  and  common  carotid  arteries,  and  indeed  somewhat  overlaps  the  latter  in 
front.  This  is  more  especially  the  case  on  the  left  side,  for  both  internal  jugular 
veins  trend  slightly  towards  the  right  as  they  descend ;  consequently  at  the  root 
of  the  neck  the  right  vein  is  separated  from  the  right  common  carotid  artery  by  a 
small  interval  filled  by  areolar  tissue,  whilst  the  left  vein  is  more  directly  in  front 
of  the  corresponding  common  carotid  artery. 

Within  an  inch  of  its  lower  extremity  each  internal  jugular  vein  is  pro- 
vided with  a  valve,  which,  however,  is  frequently  incompetent.  It  consists  of  one, 
two,  or  three  cusps. 

Relations. — The  vein  lies  in  front  of  the  transverse  processes  of  the  cervical  verte- 
brse,  the  rectus  capitis  lateralis,  rectus  capitis  anticus  major,  and  scalenus  anticus  muscles, 
the  ascending  cervical  artery,  w  hich  runs  upwards  in  the  interval  between  the  attach- 
ments of  the  two  latter  muscles,  and  the  phrenic  nerve ;  the  suprascapular  and  the 
transverse  cervical  arteries  intervene  between  it  and  the  scalenus  anticus.  At  the  root  of 
the  neck  the  vein  lies  in  front  of  the  first  part  of  the  subclavian  artery  and  the  orijrins 
of  the  vertebral  artery  and  the  thyroid  axis,  and  on  the  left  side  it  is  in  front  of  the 
terminal  part  of  the  thoracic  duct. 

On  the  inner  side  of  the  internal  jugular  vein,  immediately  below  the  skull,  are  the 
internal  carotid  artery  and  the  last  four  cranial  nerves ;  in  the  rest  of  its  extent  it  is  in 
relation  internally  either  with  the  internal  or  the  common  carotid  artery,  whilst  to  iu 
inner  side  and  somewhat  posteriorly,  between  it  and  the  large  arteries,  lies  the  vagus 
nerve. 

Each  internal  jugular  vein  is  covered  in  the  whole  of  its  length  by  the  sterno-mastoid 
muscle ;  near  its  upper  end  it  is  crossed  by  the  posterior  belly  of  the  digastric,  whilst  in 
its  lower  half,  in  addition  to  the  stemo-mastoid,  the  omo-hyoid,  the  sterno-hyoid,  and  the 
sterno-thyroid  muscles  are  superficial  to  it.  Just  below  the  transverse  process  of  the  atlai*. 
and  under  cover  of  the  sterno-mastoid,  the  vein  is  crossed  on  its  outer  side  by  the  spinal 
accessory  nerve  and  by  the  occipital  artery ;  about  the  middle  •  of  its  course  it  is  also 
crossed  by  the  communicans  cervicis  nerve,  and  near  its  lower  end  by  the  anterior  jugular 
vein ;  the  latter  vessel,  however,  is  separated  from  it  by  the  sterno-hyoid  and  sterno- 
thyroid muscles.     Superficial  to  the  vein  are  numerous  deep  cervical  lymphatic  glands. 

Tributaries. — («)  The  inferior  petrosal  sinus,  which  joins  it  near  its  commencement 
(b)  Pharyngeal  branches  from  the  venous  plexus  on  the  wall  of  the  pharynx,  (r)  The 
common  facial  vein,  which  receives  the  facial  vein  and  its  tributaries,  (d)  The  lingual 
▼eins  (vv.  liuguales),  small  veme  comites,  which  commence  chiefly  in  the  subliugual 
and  dorsalis  linguae  veins,  and  accompany  the  first  and  second  parts  of  the  lingual  artery. 
(e)  The  ranine  vein,  which  commences  beneath  the  tip  of  the  tongue,  and  accom|muie:s 
at  first  the  two  terminal  parts  of  the  lingual  artery,  and  afterwards  the  hypoglossal 
nerve.  (/)  The  superior  thsrroid  vein  (v.  tbyreoidea  superioris),  which  accompanies  the 
corresponding  artery,  (g)  The  middle  thyroid  vein,  which  passes  backwards  from  the 
lateral  lobe  of  the  thyroid  body  and  crosses  the  middle  of  the  outer  aspect  of  the  common 
carotid  artery,  (h)  The  occipital  vein  (v.  occipitalis)  occasionally  terminates  in  the 
internal  jugular  vein.  In  many  cases,  however,  it  ends  in  the  suboccipital  plexus,  which 
is  drained  by  the  vertebral  and  deep  cervical  veins  (see  p.  875). 

The  common  facial  vein  (v.  facialis  communis)  is  formed  by  the  union  of  the  facial 
vein  (v.  facialis  anterior)  with  the  anterior  division,  or  terminal  branch,  of  a  venous 
trunk  which  lies  in  substance  of  the  parotid  gland,  and  which  is  called  the  temporo- 
maxillary  vein  (v.  facialis  posterior).  It  accompanies  the  first  part  of  the  facial  artery 
in  the  carotid  triangle,  passes  between  the  sterno-mastoid,  and  terminates  in  the  anterior 
border  of  the  internal  jugular  vein.  Just  before  it  disappears  beneath  the  stemo-mast<>id, 
the  common  facial  vein  frequently  gives  off  a  large  branch,  which  descends  along  the 
anterior  border  of  the  sterno-mastoid  to  the  suprasternal  fossa,  where  it  joins  the 
anterior  jugular  vein. 

The  fSacial  vein  (v.  facialis  anterior.  Fig.  648)  commences  at  the  inner  angle  of  the 
orbit  in  the  angular  vein,  which  is  formed  by  the  union  of  the  supra-orbital  and  frontal 
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veins.  It  passes  downwards  and  backwards  on  the  face,  from  the  inner  angle  of  the  orbit 
to  the  lower  and  anterior  part  of  the  masseter  muscle,  which  it  crosses,  lying  in  the  same 
plane  as  the  facial  artery,  but  following  a  much  straighter  course.  After  crossing  the 
lower  border  of  the  jaw  it  passes  across  the  submaxillary  triangle,  superficial  to  the 
submaxillary  gland,  and  separate  from  the  facial  artery,  which  here  lies  in  a  deeper  plane, 
and  it  terminates  a  siiort  distance  below  the  angle  of  the  jaw  by  imiting  with  the  anterior 
division  of  the  temporo-maxillary  vein  to  form  the  common  facial  vein. 

The  facial  vein  receives  tributaries  corresponding  with  all  the  branches  of  the  facial 
artery,  except  the  ascending  palatine  and  the  tonsillar,  which  have  no  accompanying  veins, 
the  blood  from  the  region  which  they  supply  being  returned  for  the  most  part  through 
the  pharyngeal  plexus.  The  facial  vein  also  communicates  with  the  pterygoid  plexus 
which  surrounds  the  external  pterygoid  muscle  by  means  of  an  anastomosing  channel, 
called  the  deep  facial  vein,  which  passes  backwards  between  the  masseter  and  buccinator 
muscles  into  the  zygomatic  fossa. 

The  inferior  thyroid  veins  have  already  been  described  (see  p.  875). 

Subclavian  Veins. — The  subclavian  vein  (v.  subclavia)  of  each  side  is  the 
direct  continuation  of  the  main  vein  of  the  upper  extremity,  the  axillary  vein ;  but 
through  its  tributary,  the  external  jugular  vein,  it  also  receives  blood  both  from 
the  superficial  and  deep  parts  of  the  head  and  neck. 

From  its  commencement  at  the  outer  border  of  the  first  rib  it  runs  inwards 
telow  and  in  front  of  the  corresponding  artery,  from  which  it  is  separated  by  the 
lower  part  of  the  scalenus  anticus  muscle,  and  it  terminates  behind  the  sternal 
end  of  the  clavicle,  in  the  innominate  vein  of  the  corresponding  side.  As  it  passes 
inwards  it  forms  a  slight  curve,  the  convexity  of  which  is  directed  upwards. 

Each  subcla\'ian  vein  possesses  a  single  bicuspid  valve  which  is  situated  inune- 
diately  on  the  distal  side  of  the  opening  of  the  external  jugular  vein. 

Relations. — The  subclavian  vein  is  in  relation  in  front  with  the  posterior  layer  of  the 
costo-coracoid  membrane,  which  separates  it  from  tlie  subclavius  muscle,  and  the  nerve 
to  the  subclavius,  and  with  the  back  of  the  sternal  end  of  the  clavicle,  from  which  it  is 
partly  separated,  however,  by  the  fibres  of  the  sterno-hyoid  and  stern o- thyroid  muscles. 

It  is  closely  attached  in  front  to  the  posterior  surface  of  the  costo-coracoid  membrane, 
consequently  it  is  expanded  when  the  clavicle  is  moved  forwards,  a  condition  of  affairs 
which  constitutes  a  distinct  danger  when  operations  are  being  performed  in  the  neighbour- 
hood of  the  vein,  for  in  the  event  of  the  vessel  being  wounded,  forward  movement  of  the 
clavicle  may  cause  air  to  be  sucked  into  the  vein  with  fatal  results. 

Behind  the  vein,  and  on  a  higher  plane,  are  the  first  and  third  parts  of  the  subclavian 
artery,  but  it  is  separated  from  the  second  part  by  the  scalenus  anticus.  To  the  inner 
side  of  the  anterior  scalene  the  posterior  relations  of  the  vein,  in  addition  to  the  sub- 
clavian artery,  are  the  upper  part  of  the  int<?rnal  mammary  artery,  the  phrenic  nerve,  and 
the  cervical  portion  of  the  pleura. 

It  rests  upon  the  upper  surface  of  the  first  rib. 

Tributaries. — Whilst  the  subclavian  vein  is  the  direct  continuation  of  the  axillary 
vein,  and  receives  the  blood  from  the  upper  extremity,  it  has,  as  a  general  rule,  only  one 
named  tributary,  viz.  the  external  jugular  vein. 

The  external  jugular  vein  (v.  jugularis  externa,  Fig.  648)  is  formed  on  the 
superficial  surface  of  the  sterno-mastoid  muscle,  a  little  below  and  l)ehind  the  angle 
of  the  jaw,  by  the  union  of  the  posterior  auricular  vein  with  the  posterior  terminal 
branch  of  the  temporo- maxilla)^  vein.  After  its  formation  the  external  jugular 
vein  descends,  with  a  slight  obliquity  backwards,  to  the  anterior  part  of  the 
subclavian  portion  of  the  posterior  triangle  of  the  neck,  where  it  pierces  the  deep 
fascia,  and,  after  crossing  in  front  of  the  third  part  of  tlie  subclavian  artery, 
terminates  in  the  subclavian  vein. 

Whilst  on  the  surface  of  the  sterno-mastoid  muscle  it  is  covered  by  the  super- 
ficial fascia  and  platysma  muscle,  and  it  lies  parallel  with,  and  slightly  in  front  of, 
the  great  auricular  nerve ;  after  crossing  the  transverse  cervical  nerve  it  reaches 
the  posterior  border  of  the  sterno-mastoid,  where  it  receives  a  tributary  called  the 
posterior  external  jugular  vein,  which  commences  in  the  superficial  tissues  of  the 
upper  and  back  part  of  the  neck,  and  runs  downwards  and  forwards  across  the  roof 
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of  the  upper  part  of  the  poaterior  cervical  triangle  to  its  termination  in  the  external 
jugular  veiu. 

As  the  external  jugular  vein  pierces  the  deep  cervical  fascia  in  the  subclavian 
triangle,  its  wall  is  closely  attached  to  the  margin  of  the  opening  through  which 
it  passes,  and  as  it  is  crossing  in  front  of  the  third  part  of  the  subclavian  artery  it 
is  joined  by  the  suprascapular,  transverse  cervical,  and  anterior  jugular  veins. 

There  are  usually  two  valves  in  the  lower  part  of  the  vein — one,  which  is 
generally  incompetent,  at  its  termination,  and  a  second  at  a  higher  level 

Tributaries. — In  addition  to  the  posterior  auricular  vein  and  the  posterior  divisioit 
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of  the  temporo- maxillary  vein  by  wliich  it  ia  formed,  the  external  jugular  vein  receim 
the  poaterior  exterual  jugular  veiu,  which  liaa  already  been  described,  the  trauaverse 
cervical  and  aiipmscapular  veiuti  from  the  region  of  the  shoulder,  and  the  anterior 
jugular  vein.     Occasionally  the  cephalic  veiu  also  opens  into  it. 

The  posterior  auricular  vein  (v.  auriculiiria  posterior.  Fig.  648)  reoeivea  tributaries 
from  the  poaterior  parts  of  the  parietal  and  temporal  regions  and  from  the  inner  surface 
of  the  pinim.  It  is  considerably  larger  than  the  posterior  auricular  artery,  which  it  only 
accom[)anies  in  tlie  scalp.  At  the  base  of  the  scalp  it  leaves  the  artery  and  descends  io 
the  superticial  fascia,  over  the  upper  part  of  the  stemo-mastoid,  to  open  into  the  oommcii«- 
meut  of  the  external  jugular  vein. 

The  posterior  division  of  the  temporo-maxiUarr  T«in  (see  p  S80). 
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The  transverse  cervical  and  suprascapalar  veins  accompany  the  corresponding 
arteries ;  not  infrequently  they  open  directly  into  the  subclavian  vein. 

The  anterior  jngular  vein  (v.  jugularis  anterior)  commences  over  the  anterior  belly  of 
the  digastric  muscle,  and  is  formed  by  the  union  of  small  veins  from  the  lower  lip  and  the 
submental  region.  It  descends  in  the  superficial  fascia,  at  a  variable  distance  from  the 
middle  line,  and  perforates  the  supei-ficial  layer  of  the  deep  fascia  just  above  the  inner 
end  of  the  clavicle.  It  there  enters  the  space  above  the  manubrium  stemi,  which  lies 
between  the  first  and  second  layers  of  the  deep  cervical  fascia,  and  which  is  called  Burns's 
space,  where,  after  anastomosing  with  its  fellow  of  the  opposite  side  and  receiving  a 
communication  from  the  facial  vein,  it  turns  outwards,  between  the  sterno-mastoid  super- 
ficially and  the  stemo-hyoid,  stemo-thyroid,  and  scalenus  anticus  muscles  deeply,  to 
terminate  at  the  outer  border  of  the  latter  muscle  in  the  external  jugular  vein. 

The  Veins  of  the  Scalp. 

The  veins  which  drain  the  blood  from  the  superficial  parts  of  the  scalp  are  the 
frontal,  the  supra-orbital,  the  superficial  temporal,  the  posterior  auricular,  and  the 
occipital  The  blood  from  the  deeper  part  of  the  scalp,  in  the  region  of  the 
temporal  fossa  on  each  side,  passes  into  the  deep  temporal  veins,  wliich  are 
tributaries  of  the  pterygoid  plexus. 

The  frontal  (v.  frontalis)  and  supra-orbital  veins  (v.  supra-orbitalis)  receive  blood 
from  the  inner  and  front  part  of  the  scalp.  They  unite  together,  near  the  upper 
and  inner  angle  of  the  orbit,  to  form  the  angvlar  vein;  before  the  union  is 
effected  the  supra-orbital  vein  sends  a  branch  backwards  through  the  supra-orbital 
notch  into  the  orbital  cavity,  where  it  terminates  in  the  ophthalmic  vein,  and  as 
this  branch  passes  through  the  notch  it  receives  the  frontal  diploic  vein  (p.  881). 

The  superficial  temporal  vein  (v.  temporalis  superficialis)  receives  tributaries 
from  the  outer  part  of  the  frontal  region,  from  the  greater  part  of  the  super- 
ficial area  of  the  temporal  region,  and  from  the  anterior  part  of  the  parietal 
region.  It  passes  downwards,  across  the  posterior  root  of  the  zygoma,  into  the 
parotid  gland,  where  it  unites  with  the  internal  maxillary  vein  to  form  the  temporo- 
maxillary  trunk. 

The  posterior  auricular  vein  (v.  auricularis  posterior)  drains  the  posterior 
portions  of  the  temporal  and  parietal  areas  of  the  scalp.  It  runs  downwards 
across  the  mastoid  portion  of  the  temporal  bone,  and  terminates  in  the  external 
jugular  vein. 

The  occipital  vein  (v.  occipitalis,  Fig.  648)  receives  tributaries  from  the  inner 
and  posterior  part  of  the  parietal  region  and  from  the  occipital  region.  As  a  rule 
it  pierces  the  occipital  origin  of  the  trapezius,  and,  passing  deeply  into  the  sub- 
occipital triangle,  terminates  in  a  plexus  of  veins  which  is  drained  by  the  vertebral 
and  deep  cervical  veins.  It  sometimes  communicates  with  the  external  jugular 
vein,  and  occasionally  an  offset  from  it  accompanies  the  coiTesponding  artery  and 
ends  in  the  internal  jugular  vein. 

It  generally  receives  the  mastoid  emissary  vein ;  one  of  its  tributaries  receives 
the  parietal  emissary  vein,  and  occasionally  an  emissary  vein  from  the  torcular 
Herophili  opens  into  it. 

The  Veins  of  the  Orbit,  the  Nose,  and  the  Pterygo-maxillary  Eegion. 

The  veins  of  these  three  regions  are  closely  associated  together ;  for  although 
the  orbital  blood  is  returned  for  the  most  part  to  the  cavernous  sinus  by  the 
ophthalmic  vein,  the  latter  vein  is  closely  connected  with  the  pterygoid  plexus 
which  lies  in  the  pterygo-maxillary  region. 

Veins  of  the  Orbit. — The  veins  of  the  orbit  correspond,  with  the  exception  of 
the  frontal  vein,  with  the  branches  of  the  ophthalmic  artery,  and  they  gradually 
converge,  as  they  pass  backwards  in  the  orbit,  until  they  form  two  main  trunks,  an 
upper  (v.  ophthalmica  superior)  and  a  lower  (v.  ophthalmica  inferior);  these 
terminate,  separately  or  by  a  single  trunk,  in  the  anterior  end  of  the  cavernous 
sinus,  to  which  they  pass  tlirough  the  foramen  lacerum  anterius,  and  between  the 
two  heads  of  the  external  rectus  muscle. 

The  superior  ophthalmic  vein  communicates,  at  the  internal  angle  of  the  orbit. 
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with  the  angular  vein,  and  the  inferior  ophthalmic  vein  communicates  through  the 
spheno-maxiUary  fissure  with  the  pterygoid  plexus. 

Veins  of  the  Nose. — The  veins  of  the  walls  of  the  nasal  cavity  end  partly  in 
the  ethmoidal  tributaries  of  the  superior  ophthalmic  vein,  partly  in  the  septal 
affluent  of  the  superior  coronary  and  in  the  lateral  nasal  veins,  both  of  which  are 
tributaries  of  the  facial  vein ;  but  the  majority  of  the  veins  of  the  nose,  both  from 
the  septal  and  outer  walls,  join  together  to  form  a  spheno-palatine  vein  which 
passes  through  the  spheno-palatine  foramen  and  the  spheno-maxillary  fossa,  and 
terminates  in  the  pterygoid  plexus. 

Pterygoid  Plexus  and  the  Internal  Maxillary  Vein. — The  pterygoid  plexna 
(plexus  pterygoideus)  of  veins  lies  in  the  zygomatic  and  pterygoid  foss^  It  covers 
the  inner  surface  of  the  internal  pterygoid  muscle,  and  surrounds  the  external 
pterygoid.  It  receives  tributaries  which  correspond  with  and  accompany  the 
branches  of  the  internal  maxillary  artery — viz.  spheno-palatine,  pterygo-palatine, 
vidian,  infra-orbital,  posterior  superior  dental,  posterior  palatine,  buccal,  two  or  three 
deep  temporal,  pterygoid,  masseteric,  and  inferior  dental  veins,  and  the  vena 
comites  of  the  middle  meningeal  artery.  It  communicates  superiorly  with  the 
cavernous  sinus  through  the  foramen  ovale,  anteriorly  with  the  inferior  ophthalmic 
vein  through  the  spheno-maxillary  fissure,  and  between  the  masseter  and  the 
buccinator  with  the  facial  vein  by  the  deep  facial  anastomosing  branch.  It  also 
communicates  posteriorly  and  internally,  on  the  inner  side  of  the  internal  pterygoid, 
with  the  pharyngeal  plexus,  and  it  terminates  posteriorly  in  the  internal  maxillary 
vein. 

The  internal  maxillary  vein  is  a  short  vessel  which  accompanies  the  first  part  of 
the  internal  maxillary  artery,  between  the  spheno-mandibular  ligament  and  the 
neck  of  the  lower  jaw ;  it  enters  the  parotid  gland,  and  terminates  by  uniting  with 
the  superficial  temporal  vein  to  form  the  temporo-maxillary  trunk.  Occasionally 
the  internal  maxillary  vein  is  double. 

The  temporo-maxillary  vein  (v.  facialis  posterior)  is  a  short  trunk  which  is 
formed  in  the  upper  part  of  the  parotid  gland,  behind  the  neck  of  the  jaw, 
by  the  union  of  the  superficial  temporal  and  internal  maxillary  veins.  Ajb  it 
descends  it  lies  superficial  to  the  external  carotid  artery,  and  it  is  crossed  by  the 
cervico-  and  temporo-facial  branches  of  the  facial  nerve.  It  terminates  at  the 
lower  part  of  the  parotid  gland  by  dividing  into  posterior  and  anterior  divisions. 
The  posterior  division  passes  backwards,  perforates  the  deep  cervical  fascia,  and 
unites  on  the  upper  part  of  the  sterno-mastoid  muscle  with  the  posterior  auricular 
vein  to  form  the  external  jugular  vein.  The  anterior  division  passes  downwards 
and  forwards  into  the  carotid  triangle,  where  it  terminates  in  the  common  facial 
vein. 

VENOUS  SINUSES  AND  VEINS  OF  THE  CRANIUM  AND  OF  ITS 

CONTENTS. 

The  venous  channels  met  with  in  the  cranial  walls  and  cranial  cavity  are : — 

(1)  The  diploic  veins  (vv.  diploicse),  which  lie  in  the  cancellous  tissue  between 
the  outer  and  inner  tables  of  the  cranial  bonea 

(2)  The  meningeal  veins,  which  accompany  the  meningeal  arteries  in  the  outer 
layer  of  the  dura  mater. 

(3)  The  veins  of  the  brain,  which  lie  between  the  folds  of  pia  mater  and  in  the 
subar6tchnoid  space. 

(4)  The  cranial  venous  sinuses,  channels  which  are  situated  between  the  outer 
and  inner  layers  of  the  dura  mater;  they  receive  the  blood  from  the  terminal 
cerebral  veins. 

Diploic  and  Meningeal  Veins. 

The  diploic  veins  (w.  diploicse)  are  anastomosing  spaces  in  the  cancellous 
tissue  of  the  fiat  bones  of  the  skull ;  they  are  lined  by  endotheliunL  The  number 
of  efferent  vessels  which  emerge  from  these  spaces  is  not  constant,  but  usually 
there  are  at  least  four — viz.  a  frontal,  two  temporal,  anterior  and  posterior,  and  an 
occipital. 
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The  front*!  diploic  vein  (v.  diploica  frontalis)  is  one  of  the  most  constant ;  it 
drains  the  anterior  part  of  the  frontal  bone,  and,  passing  through  a  ainall  aperture 
in  the  upper  margin  of  the  supraorbital  notch,  terminates  in  the  supraorbital  vein. 

The  anterior  temporal  diploic  vein  (v.  diploica  temporaUs  anterior)  drains  the 
posterior  part  of  the  frontal  bona  and  the  anterior  part  of  the  parietal  bone ;  it 
pierces  the  great  wing  of  the  sphenoid,  and  terminates  either  in  the  spheno-parietal 
sinus  or  iu  the  anterior  deep  t«niporal  vein. 

The  posterior  temporal  diploic  vein  (v.  diploica  temporalis  poeterior)  drains  the 
posterior  part  of  the  parietal  bone ;  it  runs  dnwnwarda  to  the  posterior  inferior 
angle  of  the  parietal  bone,  and  terminates  in  the  lateral  sinus,  to  which  it  passes 
either  through  a  foramen  in  the  inner  table  of  the  parietal  bone  or  through  the 
mastoid  foramen. 

The  occipital  diploic  vein  (v.  diploica  occipitalis)  is  usually  the  largest  of  the 
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series ;  it  drains  the  occipital  bone,  and  terminates  either  externally  in  the  occipital 
vein  or  internally  in  the  lateral  sinus. 

The  meningeal  veins  (v.  meningefe)  commence  in  two  capillary  plexuses,  a 
deep  and  a  superficial.  The  deep  plexus  is  a  wide-meshed  network  in  the  inner 
layer  of  the  dura  mater.  Its  efferent  vessels  terminate  in  the  superficial  plexus. 
The  superficial  plexus  lies  in  the  outer  layer  of  the  dura  mater.  It  consists  of 
numerous  vessels  of  uniform  calibre  which  frequently  anastomose  together,  and 
terminate  in  two  sets  of  eiferents ;  of  these,  one  set  ends  in  the  cranial  blood  sinuses, 
and  the  other  accompanies  the  meningeal  arteries.  The  efferent  meningeal  veins 
are  peculiar,  inasmuch  as  they  do  not  increase  in  size  as  they  approach  theii 
terminations,  and  they  are  irregular  in  their  relations  to  the  arteries ;  as  a  rule  the 
middle  meningeal  arteries  alone  possess  two  vente  comites,  the  other  meningeal 
arteries  usually  having  only  one  accompanying  vein. 

Veins  of  the  Bbain. 

The  veins  of  the  brain  include  the  veins  of  the  cerebrum,  of  the  mid-brain,  of 
the  cerebellum,  of  the  pons,  and  of  the  medulla  oblongata.  They  do  not  possess 
valves. 
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Veins  of  the  Oerebram  (w.  cerebri). — The  cerebral  vems  are  arranged  in 
two  groups,  (a)  the  deep  and  (6)  the  superficial. 

The  deep  veins  issue  from  the  substance  of  the  brain.  The  superficial  veins  lie 
upon  its  surface  in  the  pia  mater  and  the  subarachnoid  space.  The  terminal 
trunks  of  both  sets  pierce  the  arachnoid  membrane  and  the  inner  layer  of  the  dura 
mater,  and  open  into  the  cranial  venous  sinuses. 

(a)  The  deep  cerebral  veins  are  the  choroid  veins,  the  veins  of  the  corpora 
striata,  the  veins  of  Gralen,  and  the  inferior  striate  veins. 

Each  choroid  vein  (v.  chorioidea)  is  formed  by  the  union  of  tributaries  which 
issue  from  the  choroid  plexus  in  the  descending  horn  of  a  lateral  ventricle.  It 
ascends  along  the  lateral  border  of  the  velum  interpositum,  and  passes  forwards  in 
the  outer  border  of  that  fold  of  pia  mater  to  the  foramen  of  Monro,  where  it 
receives  efferents  from  the  choroid  plexus  of  the  third  ventricle,  and  ends  by  unit- 
ing with  the  vein  of  the  corpus  striatum  to  form  the  vein  of  Galen. 

The  vein  of  the  corpus  striatum,  on  each  side,  is  formed  by  the  union  of  tributaries 
which  issue  from  the  corpus  striatum  and  from  the  optic  thalamus.  It  runs  for- 
wards between  these  bodies,  in  a  groove  in  the  floor  of  the  lateral  ventricle,  and, 
after  receiving  tributaries  from  the  walls  of  the  anterior  horn  of  the  ventricle, 
including  the  septum  lucidum,  it  terminates  at  the  apex  of  the  velum  interpositum, 
where  it  joins  the  choroid  vein  to  form  the  vein  of  Galen. 

The  veins  of  Galen  are  three  in  number — a  right  and  a  left  vein,  and  the  vena 
magna  Galeni. 

Each  lateral  vein  of  Galen  commences  at  the  apex  of  the  velum  interpositum, 
near  the  foramen  of  Monro,  by  the  union  of  the  vein  of  the  corpus  striatum  with 
the  choroid  vein.  The  two  veins  run  backwards  between  the  layers  of  the  velum, 
and  terminate  beneath  the  splenium  of  the  corpus  callosum  by  uniting  to  form  the 
vena  magna  Galeni. 

The  tributaries  which  enter  each  vein,  after  its  foimation,  are  the  basilar  vein,  the 
efiPerent  veins  from  the  choroid  plexus  of  the  third  ventricle,  and  veins  from  the  posterior 
part  of  the  corpus  callosum,  the  pineal  body,  the  corpora  quadrigemina,  and  the  walls  of 
the  posterior  comu  of  the  lateral  ventricle. 

The  vena  magna  Galeni  (v.  cerebri  magna  [Galeni])  passes  backwards  and 
slightly  upwards  from  its  origin,  and  ends  in  the  anterior  extremity  of  the  straight 
sinus.  In  addition  to  the  two  veins  of  Galen,  by  the  union  of  which  it  is  formed, 
it  receives  tributaries  from  the  posterior  parts  of  the  callosal  convolutions,  from  the 
inner  and  tentorial  surfaces  of  the  occipital  lobes  of  the  brain,  and  from  the  upper 
surface  of  the  cerebellum. 

An  inferior  striate  vein  descends  on  each  side  from  the  substance  of  the  .corpus 
striatum,  and,  after  passing  through  the  anterior  perforated  space,  ends  in  the 
basilar  vein  (p.  883),  which,  as  already  stated,  is  a  tributary  of  the  corresponding 
lateral  vein  of  Galen. 

(b)  The  superfloial  oerebral  veins  are  more  numerous  and  of  larger  caUbre 
than  the  cerebral  arteries.  They  lie  upon  the  surface  of  the  cerebrum,  they  drain 
blood  from  the  cerebral  cortex,  and  they  are  divisible  into  two  sets,  the  superior 
and  the  inferior. 

The  superior  cerebral  veins  (vv.  cerebri  superiores),  twelve  or  more  in  number, 
lie  in  the  pia  mater  and  subarachnoid  space  on  the  upper  and  outer  aspect  of  the 
oerebral  hemispheres.  They  run  inwards  to  the  margin  of  the  longitudinal  fissure, 
where  they  receive  tributaries  from  the  inner  surface  of  the  hemispheres,  and  they 
terminate  in  the  superior  longitudinal  sinus.  The  anterior  veins  of  this  set  are 
small  and  run  transversely  inwards,  but  the  posterior  are  large  and  run  obUquely 
forwards  and  inwards ;  they  are  embedded  for  some  distance  in  the  wall  of  the  sinus, 
and  their  orifices  are  directed  forwards  against  the  blood  stream. 

The  inferior  cerebral  veins  (vv.  cerebri  inferiores)  lie  on  the  lower  and  outer 
aspects  of  the  cerebral  hemispheres  ;  they  run  downwards  and  inwards,  and  terminate 
in  the  sinuses  which  lie  at  the  base  of  the  skull — viz.  the  cavernous,  the  superior 
petrosal,  and  the  lateral  sinuses.  One  of  these  veins,  the  superficial  Sylvian  vein, 
runs  along  the  posterior  horizontal  limb  and  stem  of  the  fissure  of  Sylvius  to  the 
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cavernous  sinus :  occasionally  it  is  united  by  an  anastomotic  loop,  known  as  the 
great  anastomotic  vein  of  Trolard,  with  the  superior  longitudinal  sinus,  and  some- 
times by  the  posterior  anastomotic  vein  with  the  lateral  sinus. 

The  anterior  cerebral  vein  of  each  side  lies  in  the  great  longitudinal  fissure,  and 
accompanies  the  corresponding  anterior  cerebral  artery ;  it  receives  tributaries  from 
the  corpus  callosum  and  the  callosal  convolution.  Turning  downwards  round  the 
genu  of  the  corpus  callosum,  it  reaches  the  base  of  the  brain,  and  terminates  in  the 
basilar  vein. 

The  deep  Sylvian  vein  lies  deeply  in  the  fissure  of  Sylvius ;  it  anastomoses  freely 
with  the  superficial  Sylvian  vein,  receives  tributaries  from  the  island  of  Reil  and 
the  adjacent  opercula,  and  terminates  in  the  basilar  vein. 

The  basilar  vein  commences  at  the  anterior  perforated  space ;  it  is  formed  by  the 
union  of  the  anterior  cerebral  vein  with  the  deep  Sylvian  vein  and  with  the  inferior 
striate  vein.  Passing  backwards  round  the  crus  cerebri,  it  terminates  in  a  vein 
of  Galen.  Its  tributaries  are  derived  from  the  tuber  cinereum,  the  corpus  albicans, 
the  posterior  perforated  space,  the  uncinate  gyrus,  the  inferior  cornu  of  the  lateral 
ventricle,  and  the  crus  cerebri. 

Veins  of  the  Mid-brain. — The  veins  of  the  mid-brain  terminate  for  the  most 
part  in  the  veins  of  Galen. 

Cerebellar  Veins. — These  veins  also  are  divisible  into  two  groups,  the  super- 
ficial and  the  deep.  The  former  are  quite  independent  of  and  much  more 
numerous  than  the  arteries.     They  form  two  sets,  the  superior  and  the  inferior. 

The  superior  superficial  cerebellar  veins  (vv.  cerebelli  superiores)  terminate  in  a 
single  median  or  vermian  efferent  vessel  which  is  sometimes  double,  and  in  several 
lateral  efferents.  The  superior  vermian  vein  runs  forwards  and  ends  in  the  vena 
magna  Galeni,  and  the  lateral  superior  cerebellar  veins  terminate  in  the  lateral 
sinuses  or  in  the  superior  petrosal  sinuses. 

The  inferior  superficial  cerebellar  veins  (vv.  cerebelli  inferiores)  also  form  a 
small  vermian  and  numerous  lateral  etferents;  the  former  runs  backwards  and 
joins  either  the  straight  sinus  or  one  of  the  lateral  sinuses,  and  the  latter  end  in 
the  inferior  petrosal  and  occipital  sinuses. 

The  deep  cerebellar  veins  issue  from  the  substance  of  the  cerebellum  and 
terminate  in  the  superficial  veins. 

Veins  of  the  Pons  Varolii. — The  deep  veins  from  the  substance  of  the  pons  pass 
forwards  to  its  anterior  surface,  where  they  become  superficial,  and,  anastomosing 
together,  form  a  plexus  which  is  drained  by  superior  and  inferior  efferent  veins. 
The  superior  efferent  veins  join  the  basilar  vein  ;  the  inferior  efferent  veins  either 
unite  with  the  cerebellar  veins,  or  they  open  into  the  superior  petrosal  sinus. 

Veins  of  the  Medulla  Oblongata. — Deep  veins  of  the  bulb  issue  from  its  sub- 
stance and  end  in  a  superficial  plexus.  This  plexus  is  drained  by  an  anterior  and 
a  posterior  median  vein  and  by  radicular  veins. 

The  anterior  median  vein  is  continuous  below  with  the  corresponding  vein  of  the 
spinal  cord ;  it  communicates  above  with  the  plexus  on  the  surface  of  the  pons. 

The  posterior  median  vein  is  continuous  below  with  the  posterior  median  vein 
of  the  cord,  from  which  it  ascends  to  the  lower  end  of  the  fourth  ventricle,  where 
it  divides  into  two  branches  which  join  the  inferior  petrosal  or  basilar  sinuses. 

The  radicular  veins  issue  from  the  lateral  parts  of  the  plexus  and  run  with  the 
roots  of  the  last  four  cranial  nerves ;  they  end  in  the  inferior  petrosal  and  occipital 
sinuses. 

Blood  Sinuses  of  the  Cranium. 

The  venous  sinuses  of  the  cranium  are  spaces  between  the  layers  of  the  dura  mater; 
they  are  lined  by  an  endothelium  which  is  continuous  with  the  endothelium  of  the 
veins.  They  receive  the  veins  of  the  brain,  communicate  frequently  with  the 
meningeal  veins  and  with  veins  external  to  the  cranium,  and  terminate  directly  or 
indirectly  in  the  internal  jugular  vein.  Some  of  the  cranial  blood  sinuses  are 
unpaired,  others  are  paired. 

Unpaired  Sinuses. — These  are  the  superior  longitudinal,  the  inferior  longi- 
tudinal, the  straight,  the  circular,  and  the  basilar. 
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The  superior  loneitudinal  fflnus  (ainua  Bac;ittali8  Buperior)  commences  in  the 
anterior  fossa  of  the  cmniuni,  at  the  crista  galli,  where  it  communicates  through 
the  foramen  CEecum  with  the  veins  of  the  nasal  cavity  or  with  the  angular  vein. 
It  pasaea  upwards,  then  backwards,  and  finally  downwarda  in  the  convex  mar^n  of 
the  fak  cerebri,  grooving  the  frontal,  parietal,  and  upper  part  of  the  occipital 
bonea  As  it  descends  it  passes  slightly  to  the  right  side,  and  it  ends  at  the  level 
of  the  internal  occipital  protuberance  by  becoming  the  right  lateral  sinua     Instead 
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Fia.  950.— Dissection  ok  thi  Head  ind  Neck,  ahowing  the  cnmiil  lilood  siLu«u  and  the  up]>er  port  of 
the  interDal  jugular  vein. 

of  passing  to  the  right,  it  occasionally  turns  to  the  left,  and  enda  in  the  left  lateral 
sinus.  In  either  case  its  termination  is  associated  with  a  well-marked  dilatation,  the 
torcviar  Herophili,  which  marks  a  confluence  of  siuuses,  and  which  is  lodged  in  a 
depression  at  one  side  of  the  internal  occipital  protuberance.  The  torcular  isconnecied. 
across  the  protuberance,  by  an  anastomoaing  channel  with  a  similar  dilatation,  which 
marks  the  junction  of  the  straight  sinua  with  the  lat^^ral  sinus  of  the  opposiw  side. 
Opening  into  the  superior  longiLudinal  sinus  are  the  superior  cerebral  veins,  and 
it  communicates  on  each  side  by  small  openings  witli  a  series  of  spaces  in  the  dura 
mater,  the  lacuns  I&terales,  into  which  the  Pacchionian  bodies  (arachnoidal  villi^ 
project.  It  also  communicates,  by  emissary  veins  which  pass  through  the  foramen 
csecum  and  through  each  parietal  foramen  (emissarium  parietale),  with  the  veins 
on  the  exterior  of  the  ciuuinm.  Its  cavity,  which  is  triangular  in  transverse  section, 
is  crossed  by  several  librous  strands  called  the  clLords  Williali. 

The  inferior  lonsritudinal  sinus  (sinus  sagittalis  inferior)  lies  in  the  poeterior 
two-thirds  of  the  lower  free  margin  of  the  fabt  cerebri.     It  terminates  poeteriorlj 
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by  joiniog  with  the  veDti  magna  Galeui  to  form  the  straight  ainua  It  is  circular 
in  tranaverse  eectioo,  and  it  receives  tributaries  from  the  falx  cerebri  and  from  the 
inner  surface  of  the  middle  third  of  each  cerebral  bemispheie. 

The  droular  sinus  (sinus  circularis)  is  situated  in  the  pituitary  fosea/  and  sur- 
rounds the  pituitary  body.  It  is  usually  formed  by  anterior  (sinus  intercavernosus 
anterior)  and  posterior  (sinus  intercavernosus  posterior)  transverse  channels  which 
pass  across  the  pituitary  fossa  from  one  cavernous  sinus  to  the  other. 
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The  basilar  sinus  (plexus  basilaris). — The  term  basilar  sinus  is  applied  to  a 
nous  plexus  situated  in  the  dura  mater  on  the  basilar  part  of  the  occipital  bone. 
It  connects  the  posterior  ends  of  the  cavernous  or  the  anterior  ends  of  the  inferior 
petrosal  sinuses  together,  and  communicates  below  with  the  anterior  spinal  veins. 

The  straight  sinus  (sinus  rectus)  is  formed  by  the  union  of  the  inferior  longi- 
tudinal sinus  with  the  great  vein  of  Galen.  It  runs  downwards  and  backwaids, 
along  the  line  of  attachment  of  the  falx  cerebri  to  the  tentorium  cetebelli  As  a 
general  rule  it  tutus  to  the  left  at  the  internal  occipital  protuberance,  dilates  some- 
what,  and  becomes  continuous  with  the  left  lateral  sinus,  its  dilatation  being  united 
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with  the  corresponding  dilatation  on  the  lower  end  of  the  superior  longitudinal 
sinus — the  torcular  Herophili — by  a  transverse  anastomosing  channel  Occasion- 
ally the  straight  sinus  terminates  in  the  right  lateral  sinus,  and  in  that  case  the 
superior  longitudinal  sinus  ends  in  the  left  lateral  sinus.  It  receives  some  of  the 
superior  cerebellar  veins  and  a  few  tributaries  from  the  falx  cerebri. 

Paired  Sinuses. — There  are  six  pairs  of  sinuses,  viz.  the  lateral,  the  occipital, 
the  cavernous,  the  superior  petrosal,  the  inferior  petrosal,  and  the  spheno-parietaL 

Lateral  Sinuses. — Each  lateral  sinus  (sinus  transversus)  commences  at  the 
internal  occipital  protuberance,  the  right  usually  as  the  continuation  of  the  superior 
longitudinal,  and  the  left  as  the  continuation  of  the  straight  sinus.  Each  passes 
outwards  in  the  outer  border  of  the  tentorium  cerebelli  and  in  a  groove  in  the 
occipital  bone.  From  the  lateral  angle  of  the  occipital  bone  it  passes  on  to  the 
posterior  inferior  angle  of  the  parietal  bone,  which  it  grooves ;  then  it  leaves  the 
tentorium  and  turns  downwards  on  the  inner  surface  of  the  mastoid  portion  of  the 
temporal  bone ;  from  the  latter  it  passes  to  the  upper  surface  of  the  jugular  process 
of  the  occipital  bone,  and  turns  forwards  and  then  downwards  into  the  jugular 
foramen,  where  it  becomes  continuous  with  the  internal  jugular  vein. 

Its  tributaries  are  some  of  the  superior  and  inferior  cerebellar  veins,  a  posterior 
diploic  vein,  and  the  superior  petrosal  sinus.  It  is  connected  with  the  veins  out- 
side the  cranium  by  emissary  veins  which  pass  through  the  mastoid  and  posterior 
condylar  foramina. 

The  occipital  sinuses  (sinus  occipitales)  he  in  the  attached  border  of  the  falx 
cerebelli  and  in  the  dura  mater  along  the  postero-lateral  boundaries  oF  the  foramen 
magnum  ;  frequently  they  unite  above  and  open  by  a  single  channel  into  the  com- 
mencement of  either  the  right  or  the  left  lateral  sinus,  but  their  upper  extremities 
may  remain  separate,  and  then  each  communicates  with  the  commencement  of  the 
lateral  sinus  of  its  own  side.  They  open  below  into  the  terminal  part  of  the  corre- 
sponding lateral  sinuses,  and  they  communicate  with  the  posterior  spinal  veins.  Each 
occipital  sinus  is  an  anastomosing  channel  between  the  upper  and  lower  extremities 
of  the  lateral  sinus  of  the  same  side,  and  each  receives  a  few  inferior  cerebellar  veins. 

The  cavernous  sinuses  lie  at  the  sides  of  the  body  of  the  sphenoid  bone.  Each 
sinus  (sinus  cavemosus)  commences  anteriorly  at  the  inner  end  of  the  sphenoidal 
fissure,  where  it  receives  the  corresponding  ophthalmic  vein,  and  it  terminates  at 
the  apex  of  the  petrous  portion  of  the  temporal  bone  by  dividing  into  the  superior 
and  the  inferior  petrosal  sinuses.  Its  cavity,  which  is  irregular  in  size  and  shape, 
is  so  divided  by  numerous  fibrous  strands  that  it  assumes  the  appearance  of 
cavernous  tissue,  and  in  its  outer  wall  are  embedded  the  internal  carotid  artery 
with  its  sympathetic  plexuses,  the  third,  fourth,  first,  and  second  divisions  of  the 
fifth,  and  the  sixth  cranial  nerves.  Its  tributaries  are  the  spheno-parietal  sinus 
and  the  inferior  cerebral  veins,  including  the  superficial  Sylvian  vein.  It  com- 
municates with  the  opposite  cavernous  sinus  by  means  of  the  circular  sinus ;  with 
the  pterygoid  plexus  in  the  zygomatic  fossa  by  an  emissary  vein  which  passes  either 
through  the  foramen  ovale  or  through  the  foramen  Vesalii ;  with  the  internal  jugular 
vein  by  small  venous  channels  which  accompany  the  internal  carotid  artery  through 
the  carotid  canal,  and  by  the  inferior  petrosal  sinus ;  with  the  lateral  sinus  by  the 
superior  petrosal  sinus,  and  through  the  ophthalmic  vein  with  the  angular  vein. 

The  spheno-parietal  sinuses  (s.  spheno-parietales)  are  lodged  in  the  dura  mater 
on  the  under  surfaces  of  the  small  w  in^^s  of  the  sphenoid  bone  close  to  their  posterior 
borders.  Each  sinus  communicates  with  the  middle  meningeal  veins,  receives  veins 
from  the  dura  mater,  and  terminates  in  the  anterior  part  of  the  corresiwnding 
cavernous  sinus. 

Superior  Petrosal  Sinuses. — Each  superior  petrosal  sinus  (s.  petrosus  superior) 
commences  at  the  apex  of  the  petrous  portion  of  the  temporal  bone  in  the  post<?rior 
end  of  the  corresponding  cavernous  sinus.  It  runs  backwards  and  outwards  in  the 
attached  margin  of  the  tentorium  cerebelli,  above  the  fifth  cranial  nerve,  and  grooves 
the  upper  border  of  the  petrous  portion  of  the  temporal  bone,  at  the  outer  extremity 
of  which  it  terminates  in  the  lateral  sinus  at  the  point  where  the  latter  is  turning: 
downwards  on  the  inner  surface  of  the  mastoid  portion  of  the  temporal  l)ona  It 
receives  inl'erior  cerebral,  superior  cerebellar,  tympanic,  and  diploic  veins. 
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Inferior  Petrosal  Sinnsea — An  inferior  petrosal  sinus  (s.  petrosus  inferior) 
commences  at  the  posterior  end  of  each  cavernous  sinus ;  it  runs  backwards,  out- 
wards, and  downwards  in  the  posterior  fossa  of  the  cranium,  in  a  groove  along  the 
lower  margin  of  the  petrous  portion  of  the  temporal  bone  and  the  adjacent  border 
of  the  baffllar  portion  of  the  occipital  bone,  to  the  anterior  compartment  of  the 
jugular  foramen  of  the  same  side,  through  which  it  passes.  It  crosses  the  last  four 
cranial  nerves  either  externally  or  internally,  and  it  terminates  in  the  internal 
jugular  vein.  Its  tributaries  include  inferior  cerebellar  veins  and  veins  from  the 
internal  ear,  which  pass  to  it  through  the  internal  auditory  meatus,  the  aqueductus 
cochlea,  and  the  aqueductus  vestibuli.    ' 

Thb  Spinal  Veins. 

The  spinal  veins  inchide— 

(1)  The  extra-spinal  veins. 

(a)  The  anterior  spinal  plexus. 

(b)  „    posterior  „ 

(2)  The  veins  of  the  bodies  of  the  vertebrse. 

(3)  The  intra-spinal  veius. 

(a)  The  anterior  longitudinal  veins. 
(6)     „    posterior  „  „ 

(4)  The  veins  of  the  spinal  cord. 

The  anterior  spinal  plena  lies  in  front  of  the  bodies  of  the  vertebrse.  It  consists  of  a 
number  of  relatively  small  anastomosing  channels,  which  communicate  with  the  veins  of 
the  bodies  of  the  vertebrae,  and  which  receive  tributaries  from  the  adjacent  muscles  and 
ligaments.  Its  efferent  vessels  terminate  in  the  cervical  region  in  the  anterior  deep 
cervical  vein,  in  the  dorsal  region  in  intercostal  veins,  in  the  lumbar  region  in  the  lumbar 
veins,  and  in  the  sacral  region  in  the  lateral  sacral  veins. 

The  posterior  spinal  plexus  consists  of  numerous  anastomosing  venous  channels  which 
lie  on  the  laminae  and  round  the  spines  and  the  articular  and  transverse  processes  of  the 
vertebne.  The  plexus  receives  tributaries  from  the  muscles  and  skin  of  the  back,  and 
communicates,  through  the  ligamenta  subflava,  witli  the  posterior  longitudinal  spinal 
veins  in  the  interior  of  the  spinal  canal.  Its  efferent  vessels  pass  between  the  transverse 
processes  of  the  vertebrae,  or  through  the  sacral  foramina,  and  terminate  in  the  vertebral, 
the  intercostal,  the  lumbar,  and  the  lateral  sacral  veins  respectively. 

Veins  of  the  Bodies  of  the  Vertebrse. — The  cancellous  tissue  of  the  bodies  of  the 
vertebrae  is  permeated  by  large  venous  channels  which  communicate  anteriorly  with  the 
anterior  spinal  plexus.  These  channels  terminate  posteriorly  in  the  vericB  basis  vertebras, 
which  open  into  transverse  anastomosing  vessels  which  connect  the  anterior  longitudinal 
spinal  veins. 

Anterior  Longitudinal  Spinal  Veins. — Two  anterior  longitudinal  spinal  veins  collect 
blood  from  the  bodies  of  the  vertebrae,  from  the  adjacent  ligaments,  and  from  the  spinal 
dura  mater.  They  are  plexiform  vessels  which  extend  from  the  foramen  magnum  to  the 
coccyx,  behind  the  bodies  of  the  vertebrae  and  along  the  margins  of  the  posterior  common 
ligament,  and  they  are  connected  together,  opposite  each  vertebral  body,  by  transverse 
anastomoses  which  lie  between  the  posterior  common  ligament  and  the  bodies  of  the 
vertebrae ;  these  transverse  anastomoses  are  greatly  dilated  opposite  the  centres  of  the 
bodies  where  they  receive  the  venae  basis  vertebrse.  Each  anterior  longitudinal  spinal 
vein  communicate  round  the  margin  of  the  canal  with  the  corresponding  posterior  vein, 
and  it  gives  off  efferent  vessels  which  pass  through  the  intervertebral  foramina  to 
terminate,  according  to  the  region  in  which  they  are  placed,  in  the  vertebral,  intercostal, 
lumbar,  or  lateral  sacral  veins. 

Superiorly  the  anterior  longitudinal  spinal  veins  give  off  large  offsets,  above  the  arch 
of  the  atlas,  which  form  the  commencement  of  the  vertebral  veins ;  through  the  foramen 
magnum  they  communicate  with  the  basilar  and  with  the  occipital  sinuses. 

The  posterior  longitudinal  spinal  veins  are  placed,  one  on  each  side,  between  the  dura 
mater  anteriorly  and  the  laminae  and  ligamenta  subflava  posteriorly.  They  are  plexiform 
vessels  which  extend  along  the  whole  length  of  the  spinal  canal.  They  receive  tributaries 
from  the  laminae,  ligaments,  and  spinal  membranes,  and  from  a  post-spinal  plexus  of  veins 
which  lies  between  the  laminae  of  the  vertebrae  and  the  deep  muscles  of  the  back ;  they 
anastomose  with  each  other  by  transverse  channels  which  pass  across  the  laminae,  with 
the ''posterior  spinal  plexus  by  vessels  which  pierce  the  ligamenta  subflava,  and  with  the 
60  6 
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anterior  longitudinal  veins  round  the  margins  of  the  canal.  Their  efferent  vessels  unite 
with  those  of  the  anterior  longitudinal  veins,  and  terminate  with  them. 

By  means  of  the  longitudinal  spinal  veins  and  the  anastomoses  between  them,  a 
venous  ring  is  formed  within  the  spinal  canal  opposite  each  vertebra.  Commencing  iu 
front,  opposite  the  body  of  the  vertebra,  where  it  receives  the  vena  basis  vertebra,  it  passes 
outwards  to  the  anterior  longitudinal  spinal  vein,  turns  backwards  along  the  inner  side 
of  the  pedicle  and  the  inner  surface  of  the  lamina  to  the  posterior  longitudinal  vein,  and 
is  completed  by  the  anastomoses  between  the  posterior  longitudinal  veins.  This  ring 
communicates  through  the  ligamenta  subflava  with  the  posterior  spinal  plexus,  and 
through  the  intervertebral  foramina  with  the  vertebral,  with  the  dorsal  tributaries  of  the 
intercostal  or  lumbar  veins,  or  with  the  lateral  sacral  veins,  according  to  the  region  in 
which  it  lies. 

Superiorly  the  posterior  longitudinal  spinal  veins  communicate  with  the  occipital 
sinuses,  and  as  these  also  communicate  with  the  anterior  spinal  veins,  and  the  latter  with 
the  basilar  sinus,  a  venous  ring  is  completed  round  the  foramen  magnum. 

Veins  of  the  Spinal  Oord. — The  veins  of  the  spinal  cord  issue  from  the 
substance  of  the  cord,  and  terminate  in  a  plexus  in  the  pia  mater.  In  this  plexus 
there  are  six  longitudinal  channels — one  antero-median,  along  the  anterior  fissure, 
two  anterO'latercU,  immediately  behind  the  anterior  nerve  roots,  two  postero-lateral, 
immediately  behind  the  posterior  nerve  roots,  and  one  postero-median,  over  the 
posterior  septum.  Eadicular  efferent  vessels  issue  firom  the  plexus,  and  pass  along 
the  nerve  roots  to  communicate  with  the  efferent  vessels  from  the  anterior  and 
posterior  longitudinal  spinal  veins,  and  to  terminate  in  them.  The  veins  of  the 
spinal  cord  vary  very  much  in  size,  but  they  are  largest  on  the  lower  and  on  the 
posterior  portions  of  the  cord. 

The  postero-median  and  antero-median  veins  are  continued  above  into  tiie 
corresponding  veins  of  the  medulla  oblongata. 

The  antero-lateral  and  postero-lateral  veins  pour  their  blood  partly  into  the 
median  veins  and  partly  into  the  radicular  veins ;  indeed,  the  greater  part  of  the 
blood  from  the  spinal  cord  is  returned  by  the  latter  veins. 

THE  VEINS  OF  THE  UPPER  EXTREMITY. 

The  veins  of  each  upper  extremity  are  divisible  into  two  sets — viz.  superfidal 
and  deep.  Both  sets  open  eventually  into  a  common  terminal  trunk  which  is 
known  as  the  axillary  vein.  This  vein  is  therefore  the  chief  efierent  stem  of  the 
upper  extremity.  It  is  continued  as  the  subclavian  vein  to  the  innominate  vein> 
and  its  blood,  together  with  that  of  the  corresponding  side  of  the  head  and  neck, 
reaches  the  superior  vena  cava. 

The  Deep  Veins  of  the  Upper  Extremity. 

The  deep  veins,  with  the  exception  of  the  axillary  vein,  are  arranged  in  pairs 
which  accompany  the  difierent  arteries  and  are  similarly  named.  So  far  as  these 
veins  (venae  comites)  are  concerned  it  will  be  sufficient  to  state  that  they  are  pro- 
vided with  valves,  that  they  are  situated  one  on  either  side  of  the  arteiy  with 
which  they  are  associated,  and  that  they  are  usually  united  together  by  numerous 
transverse  anastomoses  which  cross  in  front  of  or  behind  the  artery.  The  axillary 
vein,  however,  requires  more  detailed  consideration. 

The  Axillary  Vein. 

The  axillary  vein  (v.  axillaris.  Fig.  629)  commences  as  the  direct  continuation 
of  the  basilic  vein,  opposite  the  lower  border  of  the  teres  major.  It  passes  upwards 
and  inwards  through  the  axilla,  along  the  inner  side  of  the  corresponding  artery, 
and  terminates  at  the  outer  border  of  the  first  rib  by  becoming  the  subciaviaa 
vein.  It  possesses  a  bicuspid  valve  which  is  usually  situated  opposite  the  lower 
border  of  the  subscapularis  muscle. 

Relations. — Its  anterior  relations  are  similar  to  those  of  the  axillary  artery,  but,  in 
addition,  the  vein  is  crossed  in  front,  under  cover  of  the  clavicular  part  of  the  pectoralis 
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major,  by  the  pectoral  branches  of  the  acromio-thoracic  artery,  and  by  branches  of  the 
internal  anterior  thoracic  nerve,  and  it  receivea  in  front,  just  above  the  upper  border  of 
the  pectoralts  minor,  the  termination  of  the  cephalic  vein. 

Behind  it  are  the  muscleB  which  form  the  posterior  wall  of  the  axilla,  the  axillary  fat, 
and  the  firat  ser- 
ration of  the  aerra- 
tus  magous.     The 
loui;  thoracic  nerve 

tweeu  it  and  the 
serratus  magnus, 
and  the  subscapu- 
lar nerves  and  the 
subscapular  artery 
pass  between  it  and 
the  subecapulariii. 
It  in  separated 
from  the  axillary 
artery  on  the  outer 
side,  in  the  lower 
part  of  its  extent 
by  the  ulnar  and 
internal  cutaneous 
nerves,  in  the 
middle  of  its  course 
by  the  inner  cord 
of  the  brachial 
plexus,  and  in  the 
upper  part  of  the 
axilla,  behind  the 
coBto  -  coracoid 
membrane,  by  the 
inteinal  anterior 
thoracic  nerve.  To 
its  inner  side  lie 
the  outer  set  of 
axillary  glands, 
and   in  the  lower 


cutaneous  nerve. 
Tributaries- 

— In  addition  to 
tributaries  corre- 
sponding with  the 

Iwanches     of     the         fiu.   652.— Supirficial  Veins  on  the  Dobsuu  or  thk  Hand  and  Dioitb. 
axillary  artery,  it 

receives  the  vente  comites  of  the  brachial  artery,  at  the  lower  border  of  the  aubscapularis, 
and  the  cephalic  vein,  which  joins  it  at  the  upper  border  of  the  small  pectoral  muscle. 

The  Superficial  Veins  of  the  Upper  Extkkmitt. 

The  superficial  veimi  of  the  upper  extremity  commence  in  the  superficial  fascia 
of  the  palta  and  dorsum  of  the  huud  aod  of  the  fingers. 

The  superficial  veins  of  the  palmar  aspects  of  the  fingers  terminate  for  the  most 
part  in  dorsal  digital  TeiiB,  which  run  along  the  dorso-lateral  borders  of  the  digits ; 
some,  however,  pass  upwards  into  the  palui  and  join  the  superficial  palmar  veins, 
which,  in  comparison  with  the  superficml  dorsal  veins,  are  relatively  few  and  small. 
The  superficial  veins  of  the  palm  anastomose  together,  forming  a  more  or  less 
polygonal  plexus  from  which  some  efferent  vessels  pass  laterally  round  the  borders 
of  the  palm  to  the  dorsal  plexus  of  the  hand,  whilst  others  ascend  towards  the 
wrist,  where  they  end  either  in  the  median  or  the  anterior  ulnar  superficial  veins 
of  the  forearm. 
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The  superficial  veins  od  the  dorsal  aspect  of  each  digit  form  two  longitudinal 

vessels,  the  dorsal  digital  veins  (w.  digitales  dotsales  propria),  which  ascend  along 

the  dorso-lateral  borders  of  the  digit.     They  receive  tributaries  from  the  palmar 

aspect  of  the  digit,  from  the  pulp  of  the  tip, 

^''  from  the  subungual  tissues,  and  from  the 

superficial  tissues  of  the  dorsum.     The 

dorsal  digital  veins,  which  run  along  the 

adjacent  borders  of  the  second,  third,  and 

fourth   interdigital   clefts,   unite,  at  the 

apices  of  the  clefts,  to  form  three  donal 

interoBseona  or  interdigital  veiiu  (w.  meta- 

carpie  dorsales),  which   terminate  on  the 

dorsum  of  the  hand  in  a  dorsal  venous 

arch  or  dorsal  venous  plexus ;   the  radial 

jj^^^jj^  or  outer  vein  of  the  index-finger  ends  in 

the  same  arch. 

The  donal  veaons  arch  of  the  hand 

receives  not  only  the  dorsal  interosseous  ot 

interdigital  veins,  nnd  the  radial  digital 

vein  of  the  index-finger,  but  also  numerous 

tributaries  from  the  superficial  tissues  of 

Buiiie  the  dorsum  of  the  hand,  which  anastomoee 

frequently  tt^ether  and  form  a  pleziform 

network.     The  arch  lies  opposite  the  lower 

Hniiin  iMt>iuuc  parts  of  the  shafts  of  the  four  inner  meta- 

Median  buiiic  carpal  bones,  and  terminates  at  its  radial 

end  in  the  superficial  radial  vein,  and  at 

'''^'"'  its  ulnar  end   in   the  posterior  or  doreal 

D«iJ  ruHiuu  ulnar  vein ;  the  dorsal  digital  veins  of  the 

Pojiflrior  uinsr  thumb  opcD  iuto  the  superficial  radial  vein, 

and  the  innermost  or  ulnar  digital  vein  of 

^'^^^  ^  the   little    finger  ends  iu    the    posterior 

superficial  ulnar  vein. 

Anurior  .iiw  Superficial  Veins  of  the  Forearm.— 

There   are   four  main   superficial  venous 

trunks  in  the  forearm — viz.  the  mediao, 

the  radial,  and  the  anterior  and  posterior 

ulnar  veina 

The  median  vein  (v.  mediana  cubiti) 
eommencee,  as  a  rule,  on  the  dorsal  aspect 
of  the  base  (if  the  thumb  by  the  union  of 
a   number   of  efferents   from   the  dorsal 
""'"  plexus;  it  turns  round  the  radial  border 

of  the  forearm,  receives  numerous  tri- 
butaries from  the  radial  and  median 
^tortions  of  the  palm,  and  ascends  to  the 
middle  of  the  bend  of  the  elbow,  where 
it  is  joined  by  the  deep  median  rein,  a 
large  anastomosing  channel  which  connecls 
it  with  the  df-ep  veins,  and  imnjediatelv 
afterwards  terminates  by  dividing  into 
median  cephalic  and  median  uasJIic 
branches. 

The  median  cephalio  (v.  medians 
cephalica),  or  outer  branch  of  the  median 
vein,  runs  upwards  and  outwards  in  the  groove  between  the  biceps  and  the 
supinator  longus  muscles.  It  crosses  the  musculo-cutaneous  nerve  superficially, 
and  terminates,  a  short  distance  above  the  external  condyle,  by  uniting  with  the 
radial  vein  to  form  the  cephalic  vein. 
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The  median  basilic  vein  (v.  mediana  basilica)  ia  the  inner  branch  of  the 
median  vein.  Running  more  transversely  than  the  median  cephalic  vein,  it  paases 
upwards  and  inwards  along  the  groove  between  the  biceps  and  the  pronator  radii  teres. 
It  is  crossed  superficially  by  the  interior  terminal  branch  of  the  internal  cutaneous 
nerve;  it  lies  upon  the  bicipital  fascia,  which  separates  it  from  the  brachial  artery, 
and  it  terminates  by  uniting  with  the  anterior  and  posterior  ulnar  veins  to  form 
the  basilic  vein. 

The  radial  vein  {v.  radialis)  commences  in   the  dorsal  vencms  plexus  of  the 
hand,  and.  after  receiving  some  of  the  dorsal  (iigital  veins  of  the  thumb,  runs  up 
the  radial  border  of  the  forearm  in  relation  with  the  anteiior  JiWsiou  of  the  musculo- 
cutaneous nerve.     It  receives  tributaries   from  the  sulwutaneous  tissue  through 
which    it    passes,    and 
terminates  at  the  outer 
side  of  the  bend  of  the 
ellmw  by  uniting  with 
the  median  cephalic 

branch   of   the   median  in 

vein  to  form  thecephalic 
vein.  I  toon  tains  several    "™''""'i'i 
valves.  P^„^ 

The    anterior    and 
poeterior  ulnar  veins 
(vv.  ulnares)  vary  cou-         *^''""' 
siderably  in  size,  but  as 

a  rule  the  posterior  is  "' 

the   larger.      Both   are  n.pun,nt>i  u»»i= 

provided  with  valves.  j,^,^ 

The  anterior  ulnar  cKuneom ,  j,iiic 

vein  commences  at  the 

base  of  the  little  finger,    """'"  ="i  'iMii 

by  the  union  of  tribu-  Acr* 

tar  its   from    the   ulnar  "''''  ''"" 

part  of  thedoi-salvenous    BiKhiora  .^, 

plexus   and    from    the  i„ 

ulnar  side  of  the  palm ;       ^'"'' ' 
it    ascends    along    the        tf^iu, 

front  of  the  ulnar  side  ^'" 

of  the  forearm,  and  it         ,,^j,, 
terminates  in  the  basilic 
branch   of  the  median 
vein. 

T  he  posterior  ulnar 
vein  commences  in  the 

dorsal    venous    plexus;  ^.^^   a54.-SLPBBmi*i.  Vk>ns  at  the  Bbnd  ok  the  Elbow. 

it    receives    the    ulnar 

dorsal  digital  vein  of  the  little  finger,  and  ascends  along  the  dorsal  side  of  the 
ulnar  aspect  of  the  forearm.  It  terminates  by  joining  the  basilic  branch  of  the 
median  vein  to  form  the  liasilic  veiu. 

Superficial  Veins  of  the  Upper  Arm. — Only  two  large  superficial  trunks,  the 
basilic  and  the  cephalic,  are  found  in  the  up^ier  arm. 

The  basilic  vein  (v.  basilica)  commences  at  the  ujiper  and  inner  part  of  the 
bend  of  the  elbow  by  the  union  of  the  median  basilic  with  the  posterior  ulnar  vein. 
It  ascends  in  a  groove  along  the  inner  border  of  the  biceps  to  the  middle  of  the 
upYjer  arm,  where  it  passes  through  an  opening  in  the  deep  fascia,  the  hiatus 
semilunaris,  and  in  the  rest  of  its  course  lies  deeply  nJong  the  inner  side  of  the 
brachial  artery.  It  terminates  at  the  lower  border  ot  the  teres  major  by  becoming 
the  axillary  vein,  and  it  contains  one  or  more  bicus]iid  valves. 

The  cephalic  vein  (v.  cephalica)  is  formed  at  tiie  upper  and  outer  part  of  the 
bend  of  the  elbow  by  the  union  of  the  radial  vein  witJi  the  cephalic  branch  of  the 


892  THE  VASCULAR  SYSTEM. 

median  vein.  It  ascends  first  along  the  outer  border  of  the  biceps,  where  it  is 
accompanied  hj  the  superior  external  cutaneous  branch  of  the  musculo-spiral  nerve ; 
then,  after  piercing  the  deep  fascia,  it  is  continued  upwards  between  the  adjacent 
borders  of  the  deltoid  and  pectoralis  major  muscles,  accompanied  by  the  descending 
or  humeral  branch  of  the  acromio-thoracic  axis.  Just  below  the  clavicle  it  turns 
inwards,  crosses  the  pectoralis  minor,  pierces  the  costo-coracoid  membrane,  and 
terminates  in  the  upper  or  third  part  of  the  axillary  vein.  It  is  provided  with  a 
bicuspid  valve  at  its  termination.  In  its  primitive  form  it  terminated  in  the 
external  jugular  vein,  to  reach  which  it  passed  either  over  or  through  the  clavicle. 
This  condition  occasionally  persists,  or  is  represented  by  a  small  communicating 
vein. 

THE  INFERIOR  VENA  CAVA  AND  ITS  TRIBUTARIES. 

The  inferior  vena  cava  (Fig.  655)  is  a  large  venous  trunk  which  receives  the 
whole  of  the  blood  from  the  lower  extremities,  and  the  greater  part  of  the  blood 
from  the  walls  and  contents  of  the  abdomen  and  pelvia  It  commences  opposite 
the  right  side  of  the  body  of  the  fifth  lumbar  vertebra,  behind  and  to  the  right  of 
the  right  common  iliac  artery,  ascends  through  the  abdomen  in  front  and  to  the 
right  of  the  vertebral  column  and  the  right  crus  of  the  diaphragm,  and  pierces 
the  cupola  of  the  diaphragm,  between  the  middle  and  right  sections  of  the  central 
tendinous  leaflet,  at  the  level  of  the  eighth  dorsal  vertebra.  It  then  pierces  the 
fibrous  pericardium,  enters  the  middle  mediastinum,  and  terminates  in  the  lower 
and  back  part  of  the  right  auricle.  Its  intrapericardial  portion  is  very  short,  and 
it  is  covered  on  its  anterior  and  lateral  aspects  by  the  parietal  portion  of  the 
serous  layer.  Attached  to  the  lower  and  front  margin  of  its  auricular  oriticf-  is 
the  Eustachian  valve,  which  is  a  remnant  of  an  important  fold  of  endocardium  by 
which,  in  the  foetus,  the  blood  from  the  inferior  vena  cava  is  directed,  tlirough  the 
foramen  ovale,  into  the  left  auricle. 

Relations. — The  inferior  veiia  cava  is  in  relation  behind  with  the  bodies  of  tLe 
lower  lumbar  vertebrae  and  the  corresponding  part  of  the  anterior  common  ligament,  the 
anterior  portion  of  the  right  psoas  muscle,  the  right  lumbar  sympathetic  cord,  the  nx>t> 
of  the  right  lumbar  arteries,  the  right  cms  of  the  diaphragm,  the  right  renal  artery,  thv 
right  semilunar  ganglion,  the  right  inferior  phrenic  artery,  and  the  inner  and  upptr 
portion  of  the  right  suprarenal  body. 

In  front  of  it,  from  below  upwards,  are  the  following  structures — the  right  coninum 
iliac  artery,  the  lower  end  of  the  mesentery  and  the  superior  mesenteric  artery,  the  ri<:l)t 
spermatic  artery  and  the  third  part  of  the  duodenum,  the  head  of  the  pancreas,  tht 
portal  vein  and  the  first  part  of  the  duodenum,  the  foramen  of  Winslow,  and  the  pobterior 
surface  of  the  liver.  More  superficially  are  coils  of  small  intestine,  the  great  omentuia 
and  the  transverse  colon  and  mesocolon. 

To  its  left  side  are  the  aorta  and  the  right  crus  of  the  diaphragm. 

On  its  right  side  and  below  is  the  right  ureter,  whilst  at  a  higher  level  the  ri^lit 
kidney  is  only  separated  from  it  by  a  short  interval. 

Tributaries. — In  addition  to  the  two  common  iliac  veins,  by  the  union  of  which  it  i^ 
formed,  and  through  which  it  receives  blood  from  the  pelvis  and  from  the  lower  extrt^mi- 
ties,  the  inferior  vena  cava  receives  the  following  tributaries: — The  hepatic  veins,  tht 
right  inferior  phrenic  vein,  the  right  suprarenal  vein,  the  right  and  left  renal  veins,  tlit: 
right  spermatic  or  ovarian  vein,  and  the  right  and  left  lumbar  veins. 

Hepatic  Veins  (w.  hepaticai,  Fig.  655). — These  veins  convey  blood  which  ha? 
passed  through  the  liver  from  the  portal  veins  and  from  the  hepatic  artery,  anu 
they  open  into  that  portion  of  the  inferior  vena  cava  which  lies  immediately  below 
the  diaphragm,  and  behind  the  right  lobe  of  the  liver.  They  form  two  groups,  an 
upper  group  of  two  or  three  large  trunks,  and  a  lower  group  of  smaller  veins. 

The  upper  group  occasionally  consists  of  only  two  veins,  a  right  and  a  left 
more  frequently  there  are  three  vessels,  a  right,  a  left,  and  a  middle  vein,  and  ii. 
the  latter  case  the  middle  vein  issues  from  the  Spigelian  lobe. 

The  veins  of  the  lower  group  vary  in  number  from  six  or  seven  to  twenty . 
they  return  blood  from  the  right  and  Spigelian  lobes. 

Tlie  hepatic  veins  commence  in  the  interior  of  the  lobules  of  the  liver  a* 
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iHtratobular  veins;  these  isaue  from  the  upper  and  posterior  aspects  of  the  IoIjuIbb, 
and  unite  together  to  form  sublobular  veins;  and  the  latter,  uniting  with  one 
another  as  they  uonverge  towards  the  posterior  surface  of  the  liver,  form  the  larger 
liepatic  veins. 

Inferior  Phrenic  Veins  (w.  phrenicfe  inferiores). — The  venie  comites  of  the 
inferior  phrenic  arteries  are  formed  by  tributaries  which  issue  from  the  substance 
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of  the  diaphragm.  The  right  vein  terminates  in  the  upper  part  of  the  inferior 
vena  cava.  The  left  veins  pass  behind  the  cesophague,  and  usually  end  in  the  left 
suprarenal  vein. 

Suprarenal  Veina — A  single  suprarenal  vein  (v.  suprarenalis)  issues  from  the 
hilum  on  the  anterior  surface  of  each  suprarenal  body ;  the  right  vein  terminates  in 
the  inferior  vena  cava ;  the  left  usually  ends  in  the  left  renal  vein,  but  sometimes 
it  opens  directly  into  the  inferior  vena  cava. 

Benal  Veiiu  (w.  renales). — Each  renal  vein  is  formed  by  the  union  of  hve  or 
six  tributaries  which  issue  from  the  hilum  of  the  kidney,  where  they  lie  in  front  of 
the  corresponding  arteries. 
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Tlie  right  renal  vein  is  about  one  inch  long ;  it  passes  behind  the  second  part  of 
the  duodenum,  and  terminates  in  the  right  side  of  the  inferior  vena  cava. 

The  left  renal  vein  crosses  in  front  of  the  left  psoas,  the  left  crus  of  the  diaphragm, 
and  the  aorta  immediately  below  the  superior  mesenteric  artery.  It  lies  behind 
the  pancreas  and  the  fourth  part  of  the  duodenum,  and,  running  above  the  third 
part  of  the  duodenum,  terminates  in  the  left  side  of  the  inferior  vena  cava.  The 
left  spermatic  or  ovarian  vein,  according  to  the  sex,  and  almost  invariably  the  left 
suprarenal  vein,  open  into  it. 

Lumbar  Veins  (vv.  lumbales). — There  are  usually  four  lumbar  veins  on  each 
side,  one  with  each  lumbar  artery;  the  vein  with  the  subcostal  artery  is  not 
included  in  this  number.  The  lumbar  veins  are  formed  by  the  union  of  anterior 
and  posterior  trunks  between  the  transverse  processes  of  the  vertebrse.  The 
anterior  tributaries  commence  in  the  lateral  walls  of  the  abdominal  cavity,  where 
they  communicate  with  the  superior  and  deep  epigastric  veins.  The  posterior 
tributaries  issue  from  the  muscles  of  the  back  in  the  lumbar  region,  and  receive 
tributaries  from  the  spinal  plexuses.  The  main  stems  pass  forwards  on  the  bodies 
of  the  vertebrse ;  on  each  side  they  run  behind  and  to  the  inner  side  of  the  psoas 
muscle,  whilst  those  of  the  left  side  also  pass  behind  the  aorta.  They  terminate  in 
the  posterior  part  of  the  inferior  vena  cava.  Not  uncommonly  the  corresponding 
veins  of  opposite  sides  unite  together  to  form  a  single  trunk  which  enters  the  back 
of  the  inferior  vena  cava.  All  the  lumbar  veins  of  each  side  are  united  together 
by  a  longitudinal  anastomosing  vessel,  the  ascending  lumbar  vein,  which  jiasses 
upwards  in  front  of  the  transverse  processes  of  the  lumbar  vertebrae,  and  usuaUy 
ends  above  in  an  azygos  vein,  whilst  below  it  connects  the  lumbar  veins  with  the 
ilio-lumbar  and  lateral  sacral  veins. 

Spermatio  Veins  (vv.  spermaticse). — The  spermatic  veins  on  each  side  issue 
from  the  testicle  and  epididymis  and  form  a  plexus,  the  pampiniform  plexus.  The 
plexus  forms  part  of  the  spermatic  cord,  and  consists  of  from  eight  to  ten  veins, 
most  of  which  lie  in  front  of  the  vas  deferens ;  it  passes  upwards  in  the  inguinal 
canal,  and,  near  the  internal  abdominal  ring,  terminates  in  two  main  trunks  which 
ascend  with  the  corresponding  spermatic  artery  for  some  distance,  receiving 
tributaries  from  the  ureter,  and,  occasionally,  on  the  left  side  from  the  iliac  and 
pelvic  colon ;  ultimately  the  two  veins  unite  together  and  a  single  terminal  vein  is 
formed.  The  terminal  spermatic  vein  on  the  right  side  opens  into  the  inferior 
vena  cava,  that  on  the  left  side  into  the  left  renal  vein.  The  left  spermatic  vein.^ 
are  longer  than  the  right,  the  left  testicle  being  lower  than  the  right,  and  the 
termination  in  the  left  renal  vein  being  at  a  higher  level  than  the  terminaLiou  ol 
the  right  vein  in  the  inferior  vena  cava.  The  spermatic  veins  on  each  hide  lie 
upon  the  psoas  muscle  and  the  ureter.  They  are  covered  by  peritoneum,  and  they 
are  crossed  on  the  right  side  by  the  termination  of  the  ileum  and  the  third  }>art  of 
the  duodenum,  and  on  the  left  side  by  the  iliac  colon.  They  are  provided  with 
valves  both  in  their  course  and  at  their  terminations,  but  occasionally  the  valve  at 
the  oriHce  of  the  left  spermatic  vein  is  absent. 

The  ovarian  veins  (vv.  ovaricse),  on  each  side,  issue  from  the  hilum  on  the 
anterior  border  of  the  ovary.  They  pass  between  the  layers  of  the  broad  ligament, 
where  they  anastomose  freely  and  form  the  pampiniform  plexus,  which  exteml^ 
outwards  towards  the  brim  of  the  pelvis.  From  the  plexus  two  veins  are  fornn  d 
which  accompany  the  corresponding  ovarian  artery;  they  pass  in  front  of  the  external 
iliac  artery,  and  then  upwards  behind  the  peritoneum  and  in  front  of  the  psojs 
muscle  and  ureter.  The  veins  of  the  right  side,  like  the  corresponding  spermatic 
veins,  also  pass  behind  the  termination  of  the  ileum  and  the  third  part  of  the 
duodenum ;  whilst  the  left  veins,  near  the  brim  of  the  pelvis,  pass  behind  the 
commencement  of  the  pelvic  colon. 

The  two  veins  on  each  side  ultimately  fuse  together  to  form  a  single  terminal 
vein  which  ends,  on  the  right  side  in  the  inferior  vena  cava,  and  on  the  left  side  in 
the  left  renal  vein.  As  the  left  ovarian  veins  ascend  on  the  psoas  they  sometimee 
receive  tributaries  from  the  iliac  and  pelvic  colon. 
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The  Iliac  Veins. 

The  common  iliac  Yoins  (Figs.  640  and  655),  right  and  left,  are  formed  by  the 
union  of  the  corresponding  external  and  internal  iliac  veins.  Each  commences 
opposite  the  brim  of  the  pelvis,  immediately  behind  the  upper  part  of  the  internal 
ihac  artery  of  its  own  side,  and  both  vessels  pass  upwards  to  the  right  side  of  the 
body  of  the  fifth  lumbar  vertebra,  at  the  upper  part  of  which,  just  behind  and  to 
the  outer  side  of  the  right  common  iliac  arteiy,  they  unite  together  to  form  the 
inferior  vena  cava. 

The  right  common  Uiac  vein  (v.  iliaca  communis  dextra)  is  much  shorter  than 
the  left ;  it  passes  in  front  of  the  obturator  nerve  and  the  dio-lumbar  artery,  and 
at  first  behind  and  then  somewhat  to  the  outer  side  of  the  corresponding  common 
iliac  artery. 

The  left  common  iliac  vein  (v.  iUaca  communis  sinistra)  is  much  longer  than 
the  right,  and  is  also  placed  more  obliquely.  It  passes  upwards  and  to  the  right,  in 
front  of  the  body  of  the  fifth  lumbar  vertebra,  and  across  the  middle  sacral  artery. 
For  some  distance  it  runs  along  the  inner  side  of  the  left  common  iliac  artery,  and 
then  passes  behind  the  right  common  iliac  artery.  It  also  passes  behind  the 
mesentery  of  the  pelvic  colon  and  the  superior  hsemorrhoidal  artery. 

Tributaries. — Each  common  iliac  vein  receives  the  corresponding  external  and 
internal  iliac  veins  and  the  ilio-lumbar  veins.  The  left  common  iliac  vein  receives  in 
addition  the  middle  sacral  vein. 

The  ilio-lxmibar  veins  (vv.  ilio-lumbales)  receive  tributaries  from  the  iliac  fossa,  from 
the  lower  parts  of  the  spinal  muscles,  and  from  the  spinal  canal.  There  is  a  single  vein 
on  each  side  which  accompanies  the  corresponding  artery.  It  passes  behind  the  psoas 
muscle  and  terminates  in  the  common  iliac  vein. 

Middle  Sacral  Veins. — The  vense  comites  of  the  middle  sacral  artery  commence  by 
the  union  of  tributaries  which  issue  from  the  venous  plexus  in  front  of  the  sacrum, 
through  which  they  communicate  with  the  lateral  sacral  veins  and  receive  blood  from  the 
sacral  part  of  the  spinal  canal.  They  unite  above  into  a  single  stem  (v.  sacralis  media), 
which  terminates  in  the  left  common  iliac  vein. 

The  internal  iliac  vein  (v.  hypogastrica,  Fig.  640)  is  a  short  trunk  formed 
by  the  union  of  tributaries  which  correspond  to  all  the  branches  of  the  internal 
iliac  artery,  with  the  exception  of  the  hypogastric  or  umbiliccd  and  the  ilio-limibar 
branches. 

It  commences  at  the  upper  border  of  the  great  sciatic  notch,  and  ascends  to  the 
brim  of  the  pelvis,  where  it  unites  with  the  external  iliac  vein  to  form  the  common 
iliac  vein.  It  lies  immediately  behind  and  slightly  to  the  inner  side  of  the  internal 
iliac  artery,  is  crossed  externally  by  the  obturator  nerve,  and  is  in  relation  internally, 
on  the  left  side  with  the  pelvic  colon,  and  on  the  right  side  with  the  lower  part  of 
the  ileum. 

Tributaries. — The  tributaries,  which  are  numerous,  are  conveniently  divisible  into 
extra-pelvic  and  intra-pelvio  groups. 

The  extrd-pdvic  tributaries  are  all  parietal,  and  include  the  obturator,  internal  pudic, 
sciatic,  and  gluteal  veins. 

Olitnrator  Vein  (v.  obturatoria). — This  vein  is  formed  by  the  union  of  tributaries 
which  issue  from  the  hip-joint  and  from  the  muscles  on  the  upper  and  inner  part  of  the 
thigh.  It  enters  the  pelvis  through  the  obturator  foramen,  runs  backwards  along  the 
lateral  wall  lying  on  the  pelvic  fascia  immediately  below  the  corresponding  artery,  and, 
passing  between  the  internal  iliac  artery  on  the  outside  and  the  ureter  on  the  inside, 
terminates  in  the  internal  iliac  vein. 

Sciatic  Veins  (vv.  glutaese  inferiores). — The  venae  comites  of  the  sciatic  artery  com- 
mence in  the  subcutaneous  tissues  on  the  back  of  the  thigh ;  they  ascend  with  the  sciatic 
artery,  and  pass  deeply  into  the  buttock  beneath  the  gluteus  maximus,  where  they  receive 
numerous  tributaries  from  the  surrounding  muscles.  Entering  the  pelvis  through  the 
great  sciatic  foramen,  they  unite  into  a  single  vessel,  which  terminates  in  the  lower  and 
anterior  part  of  the  internal  iliac  vein  below  the  termination  of  the  obturator  vein. 

Gluteal  Veins  (vv.  glutaeas  superiores). — The  vence  comites  of  the  gluteal  artery  are 
formed  by  tributaries  which  issue  from  the  muscles  of  the  buttock.     They  accompany 
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the  artery  through  the  great  sciatic  foramen,  and  terminate  in  the  internal  iliac  vein ; 
they  frequently  unite  together  before  reaching  their  termination. 

Internal  Pndic  Veins. — The  venae  comites  of  the  internal  pudic  artery  commence  by 

tributaries  which  emerge  from  the  corpus  cavemosum  of  the  penis  (vv.  profundae  penis) 

•  or  clitoris  (vv.  profundae  clitoridis).     They  follow  the  course  of  the  internal  pudic  artery, 

and  usually  join  together  into  a  single  vessel  (v.  pudenda  interna)  which  terminates  in 

the  internal  iliac  vein.    As  tributaries  they  receive  the  veins  from  the  bulb,  the  superficial 

'  perineal  and  inferior  hsemorrhoidal  veins  (w.  hsemorrhoidales  inferiores),  and  veins  from 

I  the  muscles  of  the  buttock. 

The  inferior  hemorrhoidal  veins,  which  commence  in  the  substance  of  the  external 
sphincter  of  the  anus  and  in  the  walls  of  the  anal  canal,  anastomose  with  the  middle  and 
superior  hsemorrhoidal  veins,  and  consequently  connect  the  portal  and  vena  caval  systems 
together. 

The  intra-pelvic  tributaries  of  the  internal  iliac  vein  are  either  (a)  ]iarietal  or 
(6)  visceral;  the  former  comprises  the  lateral  sacral  veins,  the  latter  includes  the 
efferent  vessels  from  the  plexuses  around  the  several  pelvic  viscera. 

(a)  Parietal :  Lateral  sacral  veins  (w.  sacrales  laterales)  accompany  the  corre- 
sponding arteries,  and  terminate  on  each  side  in  the  inner  and  back  part  of  the  intenial 
iliac  vein. 

{h)  Visceral  tributaries  are  derived  from  the  rectum  and  from  the  plexuses  associated 
with  the  uterus,  vagina,  bladder,  and  prostate.  They  include  the  middle  haemorrhoidal, 
the  uterine,  the  vaginal,  and  the  vesical  veins. 

The  middle  hsBmorrhoidal  veins  (vv.  hsemorrhoidales  mediales)  are  very  irregular; 
sometimes  they  cannot  be  distinguished.  When  present  they  are  formed  by  tributaries 
which  commence  in  the  submucous  tissue  of  the  rectum,  where  they  commuDicate  with 
the  superior  and  inferior  hsemorrhoidal  veins;  they  pass  through  the  muscular  coat, 
and  fuse  together  to  form  two  middle  heemorrhoidal  veins,  right  and  left,  each  of  which 
runs  outwards  beneath  the  peritoneum,  on  the  up[>er  surface  of  the  levator  ani,  to 
terminate  in  the  internal  iliac  vein.  In  the  male  each  middle  heemorrhoidal  vein  receives 
tributaries  from  the  seminal  vesicle  and  vas  deferens  of  its  own  side. 

Uterine  Plexuses  and  Veins. — The  uterine  plexuses  lie  along  the  lateral  borders 
of  the  uterus;  they  receive  tributaries,  which  are  entirely  devoid  of  valves,  from  the 
uterus,  and  they  communicate  above  with  the  ovarian,  and  below  with  the  vaginal 
plexuses. 

The  uterine  veins  (vv.  uterinse),  usually  two  on  each  side,  issue  from  the  lower  parts 
of  the  uterine  plexuses  above  their  communications  with  the  vaginal  plexuses.  At  first 
the  uterine  veins  on  each  side  lie  in  the  inner  part  of  the  base  of  the  broad  ligament 
above  the  lateral  fornix  of  the  vagina  and  the  ureter ;  they  then  pass  backwards,  accom- 
panying the  corresponding  artery,  in  a  fold  of  peritoneum  which  lies  between  the  hack 
of  the  broad  ligament  and  the  recto-uterine  fold ;  finally  they  ascend  in  the  floor  of  the 
ovarian  fossa,  and  terminate  in  the  internal  iliac  vein. 

Vaginal  Plexuses  and  Vaginal  Veins.— The  vaginal  plexuses  lie  at  the  sides 

of  the  vagina.  They  receive  tributaries  from  the  walls  of  the  vagina,  and  commimicate 
above  with  the  uterine  plexuses,  below  with  the  veins  of  the  bulb,  in  front  with  the 
vesical  plexus,  and  behind  with  the  veins  which  issue  from  the  middle  and  lower  parts  of 
the  heemorrhoidal  plexus.  A  single  vaginal  vein  issues  from  the  upper  part  of  the 
vaginal  plexus  on  each  side ;  it  accompanies  the  corresponding  arteries,  and  terminates 
in  the  internal  iliac  vein. 

Superior  Vesical  Plexus. — The  superior  vesical  plexus. of  veins  lies  on  the  outer 
surface  of  the  muscular  coat  of  the  bladder  at  the  fundus  and  the  sides.  It  receives 
tributaries  from  the  mucous  and  muscular  walls,  and  its  efferent  vessels  terminate  in  the 
prostatico- vesical  plexus  in  the  male,  and  in  the  inferior  vesical  plexus  in  the  female. 

Prostatico-vesical  Plexus. — This  plexus  is  distributed  round  the  prostate  and  the 
neck  of  the  bladder,  and  is  enclosed  between  the  proper  fibrous  capsule  of  the  prostate 
and  its  sheath  of  recto-vesical  fascia.  In  front  it  receives  the  dorsal  vein  of  the  penis, 
which  usually  terminates  by  two  branches ;  behind  and  above  it  coomiunicates  with  the 
superior  vesical  plexus,  and  receives  tributaries  from  the  seminal  vesicles  and  vasa  deferentia. 
One  or  more  efferent  vessels  pass  from  it  on  each  side  and  open  into  the  corresponding 
internal  iliac  vein. 

The  inferior  vesical  plexus  of  the  female,  which  represents  the  prostatioo-vesical 
plexus  of  the  male,  surrounds  the  upper  part  of  the  urethra  and  the  neck  of  the  bladder. 
It  receives  the  dorsal  vein  of  the  clitoris,  and  its  efferent  vessels  terminate  in  the  internal 
iliac  vein. 
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Dorsal  Veins  of  the  Penis  (w.  dorsales  penis). — ^There  are  two  dorsal  veins  of 
the  penis — the  superficial  and  the  deep. 

The  snperflcial  dorsal  vein  receives  tributaries  from  the  prepuce,  and  runs  backwards 
immediately  beneath  the  skin  to  the  symphysis,  where  it  divides  into  two  branches  which 
terminate  in  the  superficial  external  pudic  veins. 

The  deep  dorsal  vein  lies  on  the  dorsum  of  the  penis  beneath  the  deep  fascia.  It 
commences  in  the  sulcus  behind  the  glans,  by  the  imion  of  numerous  tributaries  from 
the  glans  and  the  anterior  parts  of  the  corpora  cavernosa,  and  runs  backwards  in  the  mid- 
dorsal  line,  in  the  sulcus  between  the  corpora  cavernosa  from  which  it  receives  many 
additional  tributaries.  At  the  root  of  the  penis  the  vein  passes  between  the  two  layers  of 
the  suspensory  ligament,  and  then  between  the  sub-pubic  ligament  and  the  deep  transverse 
ligament  of  the  perineum,  thus  reaching  the  space  between  the  two  layers  of  the  triangular 
ligament,  where  it  lies  above  the  membranous  part  of  the  urethra,  and  is  enclosed  in 
some  of  the  fibres  of  the  compressor  urethras.  Passing  through  the  posterior  layer  of  the 
triangular  ligament,  it  enters  the  pelvis,  and  terminates,  usually  by  two  branches,  in  the 
prostatico-vesical  plexus. 

The  dorsal  vein  of  the  clitoris  in  the  female  has  a  similar  course  to  that  of  the  deep 
dorsal  vein  of  the  penis  in  the  male.     It  terminates  in  the  inferior  vesical  plexus. 

THE  VEINS  OF  THE  L0WP:R  EXTREMITY. 

The  veins  of  the  lower  extremity,  like  those  of  the  upper  extremity,  are  arranged 
in  two  groups,  the  superficial  and  the  deep,  and  in  the  lower  as  in  the  upper  limb 
the  deep  veins  are  associated  with  the  arteries  as  venae  comites,  whilst  the  super- 
ficial veins  which  lie  in  the  subcutaneous  tissues  ultimately  terminate  in  the  deep 
veins.  There  is,  therefore,  a  general  similarity  in  the  arrangement  of  the  veins  of 
the  upper  and  the  lower  limbs,  but  there  are  differences  in  the  details  of  the  arrange- 
ment which  are  of  some  importance.  Thus,  in  the  upper  extremity,  there  are  two 
deep  veins  with  each  artery  from  the  fingers  to  the  root  of  the  limb,  where  a  single 
trunk,  the  axillary  vein,  is  formed ;  but  in  the  lower  extremity  each  main  artery 
has  two  venae  comites  only  as  far  as  the  middle  of  the  limb,  where  a  single  trunk 
is  formed.  This  vessel,  the  popliteal  vein,  is  the  commencement  of  the  main  venous 
stem  of  the  lower  extremity ;  it  is  continued  upwards  through  the  thigh  as  the 
femoral  vein,  and  along  the  brim  of  the  pelvis  as  the  extenial  iliac  vein,  which 
terminates  by  uniting  with  the  internal  iliac  vein  to  form  the  common  iliac  vein. 

Further,  the  superficial  veins  of  the  upper  limb  are  more  numerous  than  those 
of  the  lower  limb,  for  in  the  forearm  there  are  four  main  superficial  veins,  and  in 
the  leg  two ;  in  the  arm  two  main  superficial  veins,  and  in  the  thigh  only  one. 

In  the  upper  limb  the  blood  which  passes  through  the  superficial  veins  is  poured 
into  the  efferent  trunk  vein  at  the  root  of  the  limb— that  is,  into  the  axillary  vein  ; 
but  in  the  lower  limb  the  blood  from  the  superficies  of  the  outer  parts  of  the  leg 
and  foot  passes  into  the  commencement  of  the  main  efierent  vein,  the  popliteal 
vein,  at  the  middle  of  the  limb — that  is,  in  the  region  of  the  knee,  whilst  the 
blood  from  the  superficial  parts  of  the  inner  aspect  of  the  lower  limb  is  poured  into 
the  femoral  vein  near  the  root  of  the  limb  in  the  upper  part  of  Scarpa's  triangle. 

In  addition  to  the  above-mentioned  differences  in  the  general  arrangement  of  the 
veins  of  the  upper  and  the  lower  extremities,  it  must  also  be  noted  that  in  the  upper 
extremity  all  the  blood  of  the  limb,  both  that  from  the  shoulder-girdle  region  as 
well  as  that  from  the  projecting  portion  of  the  limb,  is  returned  to  the  main 
efferent  venous  trunk ;  but  in  the  lower  extremity  the  greater  part  of  the  blood  from 
the  region  of  the  pelvic  girdle,  and  a  considerable  portion  from  that  of  the  thigh,  is 
returned  by  the  gluteal,  obturator,  sciatic,  and  pudic  veins  to  the  internal  iliac 
vein,  which  in  the  adult  is  not  the  main  efferent  vein  of  the  lower  extremity. 

The  Dbep  Vbins  of  the  Lower  Extremity. 

All  the  arteries  of  the  lower  limb  except  the  popliteal  and  femoral  trunks  are 
accompanied  by  two  vence  comites.     They  usually  lie  one  on  each  side  of  the 
artery ;  they  are  connected  with  each  other  by  transverse  channels  wliich  pass 
in  front  of  or  behind  the  artery,  and  they  are  provided  with  numerous  valves. 
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The  popliteal  vein  (v.  poplitea.  Fig.  643)  is  formed,  at  the  lower  border  of  the 
popliteus  muscle,  by  the  uuioo  of  the  veoje  comitea  of  the  anterior  and  poBterioi 
tibial  arteries.  At  its  commencement  it  lies  to  the  inner  side  of  and  somewhat 
superficial  to  the  pophteal  artery,  and  to  the  outer  side  of  the  internal  popliteal 
nerve.  As  it  ascends  through  the  popliteal  space  it  gradually  ineUnes  towards  the 
outer  side  of  the  artery,  and  in  the  middle  of  the  space  it  is  directly  behind  the 
artery,  separating  the  artery  from  the  internal  popliteal  nerve,  which  is  still  more 
posterior,  whilst  iit  the  upper  end  of  the  space  it  is  to  the  outer  side  of  the  artery, 
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and  still  between  it  and  the  internal  popliteal  nerve.     It  then  paases  through  the 
adductor  magnus  muscle  and  hecomes  the  femoral  vein. 

The  popliteal  vein,  which  is  provided  with  two  or  three  bicuspid  valvee,  is  closely 
bound  to  the  artery  by  a  dense  fascial  sheath.  Not  uncommonly  there  are  one  or 
more  additional  satellite  veins  which  anastomose  with  the  popliteal  vein,  and  in 
these  cases  the  artery  is  more  or  less  completely  surrounded  by  venous  tnmks. 


Tributaries. — I"  addition  to  the  veuM  comitcs  of  the  anterior  and  posterior  tibkl 
arteries,  it  rfceives  tributaries  \shich  correspond  with  the  branches  of  the  popliteal  artery, 
and  it  also  receives  one  of  the  «ipcrticial  veins  of  the  leg,  viz.  the  e.xtenial  or  short 
saphenous  vein. 

The  femoral  vein  (v.  fenioralis)  is  the  direct  continuation  of  the  popliteal  vein. 
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It  commences  at  the  junction  of  the  middle  and  lower  thirds  of  the  thigh,  at  the 
opening  in  the  adductor  magnus  muBcie.     It  then  aaceiida  through  Hunter's  canal, 
and  through  Scarpa's  triangle,  and  t«rminateH  a  little  to  the  inner  side  of  the 
middle  of  I'oupart's  hgament  by  becom- 
ing the  external  iliac  vein. 

In  Hunter's  canal  it  lies  behind,  and 
at  first  to  the  outer  Bide  of,  the  femoral 
artery,  and  upon  the  adductors  magnus 
and  longus  which  separate  it  from  the 

prof uuda  vessela     In  the  lower  part  of  rfiel.i  .piKutric  vdi, 

Scarpa's  triangle  it  is  tebind  und  to  the  \eu>  *  ""^  "" 

inner  side  of  the  artery,  and  immediately  '"""■' '""'''' "'" 

io   front   of  the   profunda   vein  whiuii  "»i «'» 

separates  it  from  the    profunda  artery,  :  aapbenoin  vein 

but  in  the  upper  part  of  Scarpa's  triangle 

it  is  directly  on  the  inner  side  of  the  ™™"n"'''^'*' 

femoral  artery.     About  one  and  a-haU 

inches  Ijelow  I'oupart's  ligament  it  enters  «*' "iT"""*' 

the  middle  compartment  of  the  femornl 
sheath,  through  which  it  ascends  to  its 
termination,  lying  between  the  compart- 
ment for  the  femoral  artery  on  the  outer 
side  and  the  crural  canal  on  the  iimer 

It  usually  contains  two  bicuspid 
valves— one  near  its  termination  and  the 
other  just  above  the  entrance  of  its 
profunda  tributary. 

Tributaries. — It  receives  tributaries 
(vena!  comites)  which  correspond  with  the 
branches  of  the  femoral  artery  and  the  larger 
of  the  two  Buperticial  veins  of  the  lower 
extremity,  viz.  the  long  ouphenoiis  vein, 
which  enters  the  femoral  vein  where  that 
vessel  lies  iu  the  nuddle  compartnicnt  of 
the  femoral  sheath. 

The  external  iliac  vein  (v.  iliaca 
externa.  Figs.  637.  640,  and  655)  is  the 
upward  continuation  of  the  femoral  vein. 
It  commences  on  the  inner  side  of  the 
termination  of  the  external  iliac  artery, 
immediately  behind  Poupart's  ligament, 

and  ascends  along  the  brim  of  the  pelvis  ^  ^^^^  ^ 

to  a  point  at  the  level  of  the  lumlm-sacral 
articulation  and  opposite  the  sacro-iliae 
joint,  and  immediately  behind  the  in- 
ternal iliac  artery,  where  it  ends  by  join- 
ing the  internal  iliac  vein  to  form  tlie  .i™i™i««r.-h 
common  iliac  vein.  It  lies  at  first  on 
the  inner  side  of  the  external  iliac 
artery,   but   on   a  somewhat    posterior 

plane,  and    then    directly   behind    the       *■'"*■  "i^' — i'h"  intbbsal  cm  Luno  s.\i-hen.ii:s 
artery,  whilst  just  liefore  its  termination  *"'  **""  "^  TBiBirrirtrEj. 

it  crosses  the  outer  side  of  the  internal  iliac  artery,  and  sejiarates  that  vessel  from 
the  inner  border  of  the  psoas  muscle.  Id  its  whole  course  the  vein  hes  anterior 
to  the  obturator  nerve.  It  is  usually  provided  with  one  biacupid  valve,  but  some- 
times there  are  two.  Its  tributaries  correspond  to  the  branches  of  the  external 
iliac  artery;  thus  the  deep  circumflex  iliac  (v.  circumflex  ilium  profunda)  and  deep 
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epigastric  (v.  epigastrica  inferior)  veins  open  into  it  close  to  its  origin,  whilst  in 
addition  it  frequently  receives  the  pubic  vein. 

The  pubic  vein  forms  a  communication  between  the  obturator  vein  and  the 
external  iliac  vein.  It  varies  in  size,  and  may  form  the  main  termination  of  the 
obturator  vein  from  which  it  arise&  Commencing  in  the  obturator  foramen,  it 
ascends  at  the  side  of  the  pubic  branch  of  the  deep  epigastric  artery,  and  reaches 
the  external  iliac  vein. 

The  Superficial  Veins  of  the  Lower  Extremity. 

The  superficial  veins  of  the  lower  extremity  terminate  in  two  trunks,  one  of 
which,  the  external  or  short  saphenous  vein,  passes  from  the  foot  to  the  popliteal 
space ;  whilst  the  other,  the  internal  or  long  saphenous  vein,  extends  from  the  foot 
to  the  groin. 

The  superficial  veins  of  the  sole  of  the  foot  form  a  fine  plexus,  immediately 
beneath  the  skin,  from  which  anterior  and  lateral  efferents  pass.  The  anteriur 
efferents  terminate  in  a  transverse  arch  which  lies  in  the  furrow  at  the  roots  of  the 
toes,  and  the  lateral  efferents  pass  round  the  sides  of  the  foot  to  the  internal  or 
external  saphenous  veins.  The  transverse  arch  also  receives  small  plantar  digital 
veins  from  the  toes,  and  it  gives  off  interdigital  efferent  branches  to  the  dorsal 
venous  arch. 

The  superficial  veins  on  the  dorsal  aspect  of  each  toe  unite  together  to  form  two 
dorsal  digital  veins  (v.  digitales  pedis  dorsales)  which  run  along  the  borders  of  the 
doreal  surface.  The  dorsal  digital  veins  of  the  adjacent  borders  of  the  interdigital 
clefts  unite,  at  the  apices  of  the  clefts,  to  form  four  dorsal  interdigital  veins  which 
terminate  in  the  dorsal  venous  arch.  The  dorsal  digital  vein  from  the  inner  side 
of  the  great  toe  ends  in  the  long  saphenous  vein,  and  that  from  the  outer  side  of 
the  little  toe  terminates  in  the  short  saphenous  vein. 

The  dorsal  venous  arch  (arcus  venosus  dorsalis  pedis)  lies  in  the  subcutaneous 
tissue,  between  the  skin  and  the  branches  of  the  musculo-cutaneous  nerve,  opposite 
the  lower  parts  of  the  shafts  of  the  metatarsal  bones.  It  ends  internally  by  unit- 
ing with  the  inner  dorsal  digital  vein  of  the  great  toe  to  form  the  long  saphenous 
vein,  and  externally  by  joining  the  outer  dorsal  digital  vein  of  the  little  toe  to 
form  the  short  saphenous  vein.  The  dorsal  venous  arch  receives  the  dorsal  inter- 
digital veins ;  interdigital  eflTerents  from  the  plantar  transverse  arch,  and  numerous 
tributaries  from  the  dorsum  of  the  foot,  which  anastomose  freely  together,  forming 
a  wide-meshed  dorsal  venous  plexus,  open  into  it  behind. 

The  internal  or  long  saphenous  Yein  (v.  saphena  magna)  is  formed  bj 
the  union  of  the  inner  extremity  of  the  dorsal  venous  arch  with  the  inner 
dorsal  digital  vein  of  the  great  toe.  It  passes  upwards  in  front  of  the  internal 
malleolus,  crosses  the  inner  surface  of  the  lower  part  of  the  shaft  of  the  tibia,  and 
ascends  immediately  behind  the  internal  border  of  that  bone  to  the  knee,  where  it 
lies  just  behind  the  internal  condyle  of  the  femur;  continiung  upwards,  with  an 
inclination  forwards  and  outwards,  it  gains  the  upper  part  of  Scarpa's  triangle, 
where  it  perforates  the  cribriform  fascia  and  the  femoral  sheath  to  reach  its  ter- 
mination in  the  femoral  vein.  In  the  foot  and  leg  it  is  accompanied  by  the  long 
saphenous  nerve,  and  for  a  short  distance  below  the  knee  by  the  superficial  branch 
of  the  anastomotic  artery.  In  the  thigh,  branches  of  the  internal  cutaneous  nerve 
lie  in  close  relation  with  it.     It  contains  from  eight  to  twenty  bicuspid  valves. 

Tributaries. — It  communicates  freely  through  the  deep  fascia  with  the  deep  inter- 
muscular veins.  In  the  foot  it  receives  tributaries  from  the  inner  part  of  the  sole  and 
from  the  dorsal  venous  plexus.  As  it  ascends  in  the  leg  it  is  joined  by  tributaries  from 
the  dorsum  of  the  foot,  the  inner  side  and  back  of  the  heel,  the  front  of  the  leg  and  the 
back  of  the  calf,  and  it  anastomoses  freely  with  the  short  saphenous  vein.  In  the  thitrh 
it  receives  numerous  tributaries,  some  of  which  usually  converge  to  form  two  superficial 
femoral  veins.  Of  these,  one,  the  exterrudy  ascends  from  the  outer  side  of  the  knee  and 
terminates  in  the  internal  saphenous  vein  about  the  lower  part  of  Scarpa's  triangle ;  the 
other,  the  intemaly  receives  a  communication  from  the  external  saphenous  vein,  and 
ascends  from  the  back  of  the  thigh  along  its  inner  side  to  terminate  in  the  long  saphenous 
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veil!  almoBt  opposite  the  termination  of  the  external  Buperficial  femoral  vein.     The  last 
tributarieB  to  enter  the  long  Baphenoua  vein  are  the  BUpeiflcUl  circumflaz  iliac,  epigastric, 

and  pndic  veins.     Tliey  accompany  the  corresponding  arteries,  and  terminate  in  the  long 
saphenous  vein  immediately  before  the  latter 
vessels  perforate  the  cribriform  fascia. 

The  superficial  circumflei  iliac  vein  receives 
blood  from  the  lower  and  outer  part  of  the 
abdominal  wall  and  the  iipj)er  and  outer  part  of 
the  thigh.  The  superficial  epigastric  vein  drains 
the  lower  and  inner  part  of  the  abdominal  wall, 
and  the  auperficial  pudic  vein  receives  blood  from 
the  dorsum  of  the  penis  and  the  scrotum  in  the 
mule,  and  from  the  labium  majus  in  the  female. 

The  external  or  short  saphenous  vein  enou. 

(v.  saphena  parva)  ia  formed  by  the  union 
of  the  outer  extremity  of  the  dorsal  venous 
arch  with  the  outer  dorsal  digital  vein  of  the 
little  toe.  At  first  it  passes  backwards  along 
the  outer  aide  of  the  foot  and  below  the 
e.vternal  malleolus,  lying  on  the  esterual 
annular  ligament  in  company  witli  the 
external  saphenous  nerve;  then  it  ascends 
behind  the  external  malleolus,  and  nlong  the 
outer  border  of  the  tendo  Achillis,  still  in 
company  with  the  external  saphenous  nerve, 
to  the  middle  of  the  calf,  above  which  it  ia 
continued  in  the  superficial  fascia,  accom- 
panied by  the  superficial  sural  artery,  to  the 
lower  part  of  the  popliteal  space,  where  it 
pierces  the  deep  fascia,  and  terminates  in  the 
popliteal  vein.  It  communicates  round  the 
inner  side  of  the  leg  with  the  internal 
saphenous  vein,  and  through  the  deep  fascia 
with  the  deep  veins,  and  it  contains  from  six 
to  twelve  bicuspid  valves.  ■' 

Tributaries. — It  receives  tributaries   from 
the  outer  side  of  the  foot,  from  the  outer  side 
and  back  of  the  heel,  from  the  back  of  the  leg, 
and  occasionally  a  descending  tributary  from  the   - 
back  of  the  thigh.     Just  before  it  pierces  the 
popliteal  fascia  it  gives  off  a  small  branch  which    ^ 
ascends  round  the  inner  side  of  the  thigh  and 
unites  with  the  internal  superficial  femoral  vein. 
In  this  way  a  communication  is  established  between  the  external  and  internal  saphenous 
veins;  this  communication  is  frequently  enlai^ed,  and  not  uncommonly  constitutes  the 
main  continuation  of  the  external  saphenous  vein. 

THE  POKTAL  SYSTEM. 

The  portal  system  includes  the  veins  which  convey  blood  from  almost  the 
whole  of  the  abdominal  and  pelvic  parts  of  the  alimentary  canal,  and  from  the 
spleen  and  pancreas,  to  the  liver.  The  tributaries  of  origin  of  these  veins  agree 
closely  with  the  terminal  branches  of  the  corresponding  arteries.  They  are  single 
vessels,  which  for  some  distance  accompany  the  corresixtnding  arteries,  and  are 
similarly  named.  The  lai^er  or  tenninal  veins,  however,  leave  their  associated 
arteries;  the  inferior  mesenteric  vein  joins  the  splenic  vein,  and  the  latter  unites 
with  the  saperior  mesenteric  vein  to  form  the  portal  vein,  which  passes  to  the  liver. 
These  veins,  together  with  their  tributaries,  constitute  the  portal  system.  AH 
the  vessels  of  this  system  are  devoid  of  valves. 
61a 
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The  portal  vein  (vena  portse)  ib  a  wide  venous  chaDnel,  about  three  inches 
long,  which  conveys  blood  from  the  atomach,  from  the  whole  of  the  intestine, 
except  the  terminal  portion  of  the  rectum,  and  from  the  spleen  and  paucreaa  to 
the  Uver.  Unlike  other  veins,  it  ends  Uke  an  artery  by  breaking  up  into  branches, 
which  ultimately  terminate  in  capillaries  in  the  substance  of  the  liver ;  from  these 
portal  capillaries  the  hepatic  veins  (p.  892),  which  also  receive  the  blood  conveyed 
to  the  liver  by  the  hepatic  artery,  arise ;  and  as  these  open  into  the  inferior  vena 
cava,  the  portal  blood  ultimately  teaches  the  general  systemic  circulation. 

The  portal  vein  commences  by  the  union  of  the  superior  mesenteric  and  the 
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Splenic  veins  behind  and  to  tlie  left  of  the  neck  of  the  pancreas,  and  either  in 
front  of  the  left  border  of  the  inferior  vena  cava,  at  the  level  of  the  body  of  the 
first  lumbar  vertebra,  or  in  front  of  the  upturned  extremity  of  the  lower  portion 
of  the  head  of  the  pancreas.  It  ascends  in  front  of  the  inferior  vena  cava,  and 
behind  the  neck  of  tlie  pancreas  and  the  first  part  of  the  duodenum,  to  the  lower 
border  of  the  foramen  of  Winslow,  where  it  passes  forwards,  in  the  right  panereatico-' 
gastric  fold  of  peritoneum,  and  enMra  the  lower  border  of  the  gastro- hepatic 
omentum;  continuing  its  upward  course,  it  lies  behind  the  common  bile-duct  and 
hepatic  artery,  and  in  front  of  the  foramen  of  Winslow ;  it  ultimately  reaches  the 
right  end  of  tlie  transverse  fissure  of  the  liver,  where  it  ends  by  dividing  into  a 
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short  and  wide  right  and  a  longer  and  narrower  left  branch.  Just  before  its 
termination  it  enlarges,  forming  the  sinus  of  the  portal  vein. 

The  right  brancli  generally  receives  the  csrstic  vein  and  then  enters  the  right  lobe 
of  the  liver,  in  which  it  breaks  up  into  numerous  branches  which  terminate  in  the 
portal  capillaries  round  the  periphery  and  in  the  substance  of  the  liver  lobulea 

The  left  branch  runs  from  right  to  left  along  the  transverse  fissure,  giving  oft' 
branches  to  the  Spigelian  and  quadrate  lobes ;  it  crosses  the  longitudinal  fissure, 
and  ends  in  a  similar  manner  to  the  right  branch,  but  in  the  substance  of  the 
left  lobe  of  the  liver. 

As  it  crosses  the  longitudinal  fissure,  the  left  branch  of  the  portal  vein  is  joined 
in  front  by  the  round  liinunent  of  the  liver,  a  fibrous  cord  which  is  the  remains  of  the 
left  umbiUcal  vein  of  the  foetus ;  and,  somewhat  to  the  right  of  the  attachment  of 
the  round  ligament  anteriorly,  a  fibrous  cord  springs  from  it  posteriorly  and 
connects  it  with  the  upper  part  of  the  inferior  vena  cava ;  this  cord  is  the  remains 
of  the  dnctuB  venosus,  a  blood-vessel  of  the  foetus,  through  which  blood  coming 
from  the  placenta,  by  the  umbilical  vein,  passed  into  the  inferior  vena  cava 
without  going  through  the  liver. 

The  portal  vein  is  accompanied  by  numerous  lymphatic  vessels,  and  it  is 
surrounded  in  the  gastro-hepatic  omentum  by  filaments  of  the  hepatic  plexus 
of  nerves. 

Tributaries. — Soon  after  its  formation  the  portal  vein  receives  the  coronary  and 
pyloric  veins,  and  the  cystic  vein  opens  into  its  right  branch. 

The  coronary  vein  (v.  coronaria  ventriculi)  commences  in  the  gastro-hepatic  omentum 
bv  the  union  of  tributaries  from  both  suriaces  of  the  stomach.  It  runs  to  the  left 
between  the  layers  of  the  gastro-hepatic  omentum,  and  along  the  lesser  curvature  of  the 
stomachy  with  the  corresponding  artery,  to  the  cesophagus,  where  it  receives  oesophageal 
tributaries.  It  then  turns  backwards  in  the  left  pancreatico-gastric  fold,  and  reaches  the 
posterior  wall  of  the  abdomen,  where  it  again  changes  its  direction  to  run  from  left  to 
right,  behind  the  lesser  sac  of  the  peritoneum,  to  the  right  pancreatico-gastric  fold,  at  the 
root  of  which  it  opens  into  the  portal  vein. 

The  pyloric  vein  (v.  pylorica)  is  a  small  vessel  which  is  formed  by  the  union  of 
tributaries  from  the  upper  parts  of  both  surfaces  of  the  stomach.  It  runs  from  left  to 
right  along  the  right  portion  of  the  lesser  curvature,  between  the  layers  of  the  gastro- 
hepatic  omentum,  and  terminates  in  the  portal  vein,  after  that  vessel  has  entered  the 
gastro-hepatic  omentum. 

The  cystic  vein  (v.  cystica)  is  formed  by  the  union  of  tributaries  which  accompany 
the  branches  of  the  cystic  artery  on  the  upper  and  lower  surfaces  of  the  gall-bladder  ;  it 
ascends  along  the  cystic  duct  and,  as  a  rule,  terminates  in  the  right  branch  of  the  portal 
vein. 

The  Mesenteric  and  Splenic  Veins. 

The  superior  mesenteric  vein  (v.  mesenterica  superior)  commences  in  the  right  iliac 
fossa  in  connexion  with  the  lower  part  of  the  ileum.  It  ascends  along  the  right  side  of 
the  superior  mesenteric  artery  in  the  root  of  the  mesentery,  forming  a  curve  with  the 
convexity  to  the  left. 

As  it  ascends  it  passes  in  front  of  the  right  ureter,  the  lower  part  of  the  inferior  vena 
cava,  the  third  part  of  the  duodenum,  and  the  lower  part  of  the  head  of  the  pancreas ; 
and,  after  passing  behind  the  root  of  the  transverse  mesocolon,  it  terminates  behind 
the  neck  of  the  pancreas  by  uniting  with  the  splenic  vein  to  form  the  portal  vein. 

Its  tribntaries  correspond  with  the  branches  of  the  superior  mesenteric  artery.  It  is  formed 
>>y  the  union  of  the  ileo-cjecal  aud  appendicular  veins.  In  front  and  towards  the  left  side  tlie 
tribntaries  (vv.  intestinales)  from  between  the  folds  of  the  mesentery  enter  it ;  the  right  colic 
and  ileo-colic  veins  enter  its  right  side ;  the  middle  colic  vein  joins  it  in  front  at  the  lower  border 
of  the  head  of  the  pancreas,  and  close  to  its  termination  it  receives  the  right  gastro-epiploic 
and  the  pancreatico-duodenal  veins. 

The  right  gastro-epiploic  vein  (v.  gastro-epiploica  dextra)  runs  from  left  to  right  along  the 
lower  border  of  the  stomach,  and  between  the  two  anterior  layers  of  the  great  omentum.  It 
receives  tributaries  from  both  surfaces  of  the  stomach,  and  near  the  pylorus  turns  backwards  in 
the  right  pancreatico-gastric  fold  of  peritoneum,  passes  behind  tlie  neck  of  the  pancreas,  and 
ends  in  tlie  superior  mesenteric  vein. 

The  pancreatico-duodenal  vein  receives  tributaries  (vv.  pancreatico-duodenalis)  from  the  head 
of  the  pancreas  and  the  adjacent  parts  of  the  duodenum  ;  it  ascends  along  the  superior  pancreatiro- 
liiiodenal^arterv,  and  terminates  in  the  upper  part  of  the  suj)erior  mesenteric  vein. 
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The  splenic  vein  (v.  lienalis)  is  formed  by  the  union  of  five  or  six  tributaries  which 
issue  from  the  hilum  on  the  anterior  surface  of  the  spleen.  It  passes  backwards 
and  inwards  in  the  liono-renal  ligament  to  the  kidney,  then  turning  to  the  right  it  runs 
behind  the  upper  border  of  the  pancreas  and  below  the  splenic  artery ;  it  crosses  the  front 
of  the  abdominal  aorta,  immediately  below  the  origin  of  the  coeliac  axis,  and  terminates 
behind  the  neck  of  the  pancreas,  by  joining  the  superior  mesenteric  vein  to  form  the 
portal  vein. 

Tributaries. — It  receives  the  vasa  brevia  or  gaatric  veins,  the  left  gaatro-epiploic  vein, 
the  pancreatic  veins,  and  the  inferior  mesenteric  vein.  Occasionally  the  coronary  vein  tia- 
minattis  in  it. 

The  vasa  brevia  or  gastric  veins  (vv.  gastricas  breves)  are  a  series  of  small  venous  channels 
which  gather  blood  from  the  region  of  the  left  portion  of  the  great  curvature  of  the  etomaih  ; 
they  pass  backwards  towards  the  spleen  in  the  gastro-splenic  omentum,  and  terminate  either  in 
the  trunk  of  the  splenic  vein  or  in  one  of  its  main  tributariea 

The  left  gastro-epiploic  vein  rims  from  right  to  left  along  the  lower  border  of  the  stomadi 
between  the  layers  of  the  great  omentum.  At  the  left  extremity  of  the  stomach  it  enters  tliu 
gastro-splenic  omentum,  through  which  it  passes  towards  the  hilum  of  the  spleen,  and  it  ter- 
minates in  the  commencement  of  the  splenic  vein.  It  receives  tributaries  from  lioth  surface  of 
the  stomach. 

The  pancreatic  veins  issue  from  the  substance  of  the  pancreas,  and  terminate  directly  in  the 
splenic  vein. 

The  inferior  mesenteric  vein  (v.  mesenterica  inferior)  conunences,  as  the  superior  hfienioi- 
rhoidal  vein,  in  the  venous  plexus  which  lies  between  the  muscular  and  mucous  coats  of  the 
rectum.  The  superior  hsBmorrhoidal  vein  (v.  hsemorrhoidalis  superior)  drains  the  greater  mrt  of 
the  blood  from  the  haemorrhoidal  plexus,  through  which  it  communicates  with  the  middle  and 
inferior  haemorrhoidal  veins.  It  ascends  in  company  with  the  superior  haemorrhoidal  artery,  and 
between  the  layers  of  the  meso-rectum,  to  the  brim  of  the  pelvis,  where  it  passes  in  front  of  ih' 
left  common  iliac  artery  and  becomes  the  inferior  mesenteric  vein. 

The  inferior  mesenteric  vein  runs  upwards  on  the  left  of  the  aorta,  behind  the  perit^meuni, 
and  in  front  of  the  left  psoas  muscle  and  the  left  spermatic  artery.  Near  its  termination  it 
crosses  in  front  of  the  left  renal  vein,  and,  passing  behmd  the  body  of  the  pancreas,  ends  in  thr 
splenic  vein.  Occasionally  it  terminates  in  the  angle  of  union  of  the  superior  mesenteric  and 
splenic  veins. 

Tribntaxies. — In  addition  to  the  superior  haemorrhoidal  vein,  of  which  it  is  the  direct  con- 
tinuation, the  inferior  mesenteric  vein  receives  Bigmoid  tributaries  (w.  sigmoida?)  from  the  ilia< 
and  pelvic  colon,  and  the  left  colic  vein  from  the  descending  colon  and  splenic  flexure. 


THE   LYMPH   VASCULAR  SYSTEM. 

The  vessels  of  the  lymph  vascular  system  (vasa  lymphatica)  contain  a  colourless 
fluid,  rich  in  white  corpuscles,  called  lymph.  In  many  respects  they  resemble  bloal- 
vessels,  especially  the  veins ;  but  unlike  veins  they  communicate  with  intercellular 
spaces  and  with  serous  sacs,  and  their  continuity  is  interrupted  by  interposed  nodular 
aggregations  of  lymph  tissue  which  are  known  as  lymph  glands  (lymphoglandulie). 

Lymph  is  collected  in  intercellular  spaces  from  which  lymph  capillaries  arise ; 
the  latter  terminate  in  lymphatic  vessels,  which  unite  together,  forming  larger 
vessels;  and  ultimately  two  terminal  trunks — viz.  the  thoracic  duct  and  the  right 
lymphatic  duct — open  into  the  venous  system,  at  the  commencement  respectively 
of  the  left  and  right  innominate  veins. 

There  are  no  outgoing  vessels,  but  it  is  customary  to  speak  of  afferent  (vasa 
afferentia)  and  efferent  (vasa  efiferentia)  lymphatics  with  reference  to  vessels  which 
enter  or  leave  the  interposed  lymph-glands. 

Lymph  vessels,  and  the  spaces  in  which  they  commence,  merely  collect  and 
convey  lymph.  The  lymphatic  glands  act,  in  part  at  least,  as  filters,  and  possibly 
also  some  of  the  white  corpuscles  are  formed  in  thenL 

The  greater  part,  if  not  the  whole,  of  the  lymph  of  the  body  passes  through  one 
or  more  of  the  lymph  glands  before  it  reaches  the  blood  vascular  system. 

Ljnnphatic  spaces. — Lymph  spaces  are  simply  intervals  or  clefts  in  connective 
tissue.  The  larger  spaces  are  lined  by  a  layer  of  flattened  endothelial  cells,  with 
sinuous  outlines,  similar  to  the  cells  of  the  lymphatic  capillaries ;  but  the  smaller 
spaces  have  no  endothelial  lining,  and  they  are  limited  only  by  the  cells  of  the 
tissue  in  which  they  lie.  The  precise  nature  of  the  communications  betwet»n 
lymphatic  spaces  and  lymph  capillaries  has  not  been  definitely  ascertained;  but 
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undoubtedly  lymph  passes  from  the  spaces  into  the  capillaries,  and  probably  it 
does  so  because  the  spaces  and  vessels  are  directly  continuous. 

As  alternative  explanations,  it  may  be  suggested  either  that  the  passage  is  due 
to  the  existence  of  stomata  in  the  walls  which  separate  spaces  from  the  capillaries, 
or  that  it  may  be  due  to  transudation  through  intervening  tissues. 

Lymph  capiUaries. — Lymph  capillaries  are  not  only  much  larger  and  more 
irregular  than  blood  capillaries,  but  they  are  also  larger  than  the  lymphatic  vessels 
into  which  they  open.  They  are  lined  by  a  single  layer  of  endothelial  cells  which 
possess  very  sinuous  outlines ;  apparently  they  are  in  direct  structural  continuity 
with  lymph  spaces,  and  they  anastomose  freely  together,  forming  plexiform 
labyrinths. 

Lymphatic  vessels. — The  smallest  lymphatic  vessels  are  much  narrower  *in 
calibre  than  the  lymph  capillaries  with  which  they  are  continuous.  Their  walls 
consist  of  an  internal  lining  of  endothelial  cells  of  fusiform  shape  and  regular 
outline,  and  an  outer  layer  of  fine  connective  tissue.  They  are  provided  with 
numerous  valves,  and  when  distended  have  a  beaded  appearance. 

The  larger  lymph  vessels  possess  three  coats  —  (1)  An  internal  coat  (tunica 
interna),  formed  by  a  layer  of  endothelial  cells,  of  fusiform  shape,  and  of  regular,  but 
sinuous,  outline.  (2)  A  middle  coat  (tunica  media)  of  unstriped  muscle  fibres, 
arranged  for  the  most  part  circularly,  but  some  of  them  run  obliquely  or  longi- 
tudinally. The  interspaces  between  the  muscle  fibres  are  fiUed  with  a  fine  con- 
nective tissue.  (3)  An  outer  coat  (tunica  externa)  of  mixed  white  fibrous  and 
elastic  tissue,  which  is  not  sharply  separated  from  the  middle  coat  on  the  inner 
side  or  from  the  surrounding  tissues  on  the  outer  side.  It  may  also  contain  a  few 
unstriped  muscle  fibres.  In  the  largest  vessels  the  two  outer  coats  consist  prin* 
cipally  of  muscle ;  they  are,  therefore,  very  friable. 

AU  the  large  vessels  are  provided  with  numerous  bicuspid  valves,  which  are 
formed  by  folds  of  the  inner  coat ;  and  as  the  lumina  of  the  vessels  are  enlarged 
just  beyond  the  attachments  of  the  valves,  the  vessels  assume  a  characteristic 
beaded  appearance  when  they  are  distended. 

Lymphatic  vessels  anastomose  freely  together,  and  the  majority  form  communi- 
cating channels  between  difierent  groups  of  lymphatic  glands,  leaving  the  more 
distal  glands  as  efferent  vessels  and  entering  the  more  proximal  glands  as  afferent 
vessels.  Some  of  the  lymphatic  vessels,  however,  are  afferent  only;  they  simply 
carry  lymph  from  the  periphery  to  the  nearest  glands ;  whilst  others,  which  carry 
lymph  from  the  last  set  of  glands  to  the  terminal  trunks,  are  efferent  only. 

The  lymphatic  vessels,  unlike  the  veins  which  they  usually  accompany,  do  not 
increase  greatly  in  calibre  as  they  converge  towards  their  terminations ;  they  often 
branch,  and  they  frequently  anastomose  together.  In  certain  places,  particularly 
the  central  nervous  system  and  the  spleen,  lymph  capillaries  or  even  lymphatic 
vessels  completely  ensheath  the  smaller  blood-vessels,  forming  perivascular 
lymphatic  spaces. 

A  precise  knowledge  of  the  afferent  and  efferent  lymph  vessels,  and  of  the  several 
groups  of  glands  which  are  interposed  between  them,  is  of  the  greatest  practical 
importance ;  both  infective  micro-organisms  from  injured  and  inflammatory  areas 
and  detached  cells  from  malignant  tumour  growths  not  unfrequently  travel  by 
afferent  lymphatics  to  the  nearest  glands  where  they  may  be  arrested,  in  which 
case  micro-organisms  may  excite  secondary  infective  inflammation,  whilst  cells  of 
malignant  growths  may  form  secondary  growths  (metastatic  growths)  of  similar 
nature  in  the  glands. 

It  is  therefore  essential  that  the  pathologist  should  be  well  acquainted  with 
the  anatomy  of  the  pathways  which  convey  lymph,  with  the  glands  associated 
with  any  given  area,  and  also  with  the  communications  between  adjacent  glands. 

Lymphatic  glands. — Lymphatic  glands  are  globular,  ovoid,  flattened,  or 
irregular  bodies,  and  each  gland  presents  a  localised  depressed  area  which  is  known 
as  the  hilum.  They  vary  considerably  in  size,  some  being  no  larger  than  a  pin's- 
head,  whilst  others  are  as  large  as  a  bean.  In  colour  they  are  usually  grayish  pink, 
but  the  tint  varies  with  the  position,  vascularity,  and  state  of  activity  of  the  gland. 
The  glands  of  the  lung  are  generally  blackened  by  the  deposition  of  carbonaceous 
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material  in  their  substance,  and  those  of  the  liver  and  spleen  have  frequently  a 
brownish  hue.  The  glands  of  the  mesentery  are  creamy  or  white  whilst  the  chyle 
is  rapidly  passing  through  them,  but  when  the  absorption  of  food-material  from 
the  intestine  ceases  they  become  a  rosy  pink. 

Structure  of  Lymphatic  Glands. — Lymphatic  glands  consist  of  (1)  a  skeleton  or  framework, 
(2)  lymph  sinuses,  and  (3)  lymph  follicles  ana  cords. 

(1)  The  skeleton  or  framework  consists  of  a  capsule  and  of  primary,  secondary,  and  tertiary 
trabecolflB. 

The  capsule  is  formed  of  white  fibrous  tissue  interspersed  with  elastic  fibres,  and  in  some  cashes 
with  unstriped  muscular  fibres. 

The  primary  trahecuke  spring  from  the  deep  surface  of  the  capsule  and  radiate  towards  the 
hilum,  where  they  anastomose  together  and  oecome  again  continuous  with  the  capsule;  they 
divide  the  interior  of  the  gland  into  lobes.  Where  they  spring  from  the  capsule  they  are 
flattened,  but  as  they  approach  the  centre  of  the  gland  they  become  rounded  ;  their  structure  is 
the  same  as  that  of  the  capsule,  and  from  their  surfaces  the  secondary  trabeculse  are  given  oflf. 
The  secondary  trahe^nl(Ey  springing  from  the  surfaces  of  the  primary  trabeculse,  cross  the 
lymph  sinuses  and  enter  the  lympn  cords  and  follicles,  where  they  terminate  by  dividing  into 
tertiary  trabecules.  As  they  cross  the  lymph  sinuses  they  anastomose  freely  together,  forming  a 
fine  mesh-work  through  which  the  lymph  passes  in  its  coiurse  from  the  afferent  to  the  efferent 
vessels.  The  secondary  trabecule  consist  of  fine  strands  of  fibrous  tissue  devoid  of  nuclei,  and 
their  surfaces  are  covered  with  endothelial  cells.  The  tertiary  trahecuUe  are  finer  and  mon* 
delicate  than  the  secondary  trabeculfe,  from  the  terminations  of  which  they  spring,  but  thi*v 
have  a  similar  structure.  They  anastomose  together,  forming  a  fine  network  in  the  lymph  corrfx 
and  follicles,  and  the  spaces  of  the  network  are  filled  with  lymph  corpuscles. 

(2)  The  lymph  sinoses  lie  beneath  the  capsule  and  around  the  primary'  trabeculae  which 
form  their  boundaries  on  one  side,  whilst  on  the  other  they  are  limited  by  the  lymph  cords 
and  follicles.  They  are  traversed  by  the  secondary  trabeculoe,  and  their  channels  are  thus 
converted  into  a  kind  of  sponge- work  through  which  the  lymph  stream  flows.  In  the  peripheral 
or  cortical  parts  (substantia  corticalis)  of  the  glands  the^  lorm  more  or  less  cylindrical  channels, 
but  towaras  the  central  or  medullary  parts  (substantia  medullaris)  and  near  the  hilum  they 
become  moniliform.  Afferent  vessels  (vasa  afferentia)  enter  the  sinuses  which  lie  inime<liately 
beneath  the  capsule  at  various  points,  whilst  the  efferent  vessels  (vasa  efferentia)  emerge  close 
together  at  the  hilum. 

(3)  The  lymph  follicles  and  cords  are  interposed  between  the  lymph  sinuses.  They  connst 
of  dense  masses  of  lymphoid  cells  embedded  in  a  stroma  formed  by  the  tertiary  trabecular.  The 
follicles  and  cords  are  quite  similar  in  structure,  but  the  follicles  are  large  masses  which  inter- 
vene between  the  sinuses  in  the  cortex  of  the  gland,  and  the  cords  are  rounded  and  irn-giilar 
strands  which  lie  between  the  moniliform  sinuses  of  the  medullary  portion  of  the  gland. 

It  is  generally  believed  that  the  lymph  corpuscles  in  the  follicles  and  cords  are  white  blood 
corpuscles  undergoing  proliferation.  If  this  belief  is  well  founded,  lymph  glands  must  be  looked 
upon  as  one  of  the  sources  from  which  white  corpuscles  are  derived. 

The  lymph  glands  are  embedded  in  the  connective  tissues,  some  lying  super- 
ficially in  the  subcutaneous  tissues,  but  the  majority  more  deeply  and  usually  at 
the  sides  of  the  great  blood-vessels.  As  a  rule  they  are  arranged  in  groups  of 
from  two  to  fifteen,  but  a  few  of  those  which  lie  in  the  subcutaneous  tissues  are 
solitary. 

They  form  centres  to  which  afferent  lymphatic  vessels  converge,  and  from 
which  efferent  vessels  pass  onwards  to  the  larger  lymph  channels. 

The  student  should  therefore  acquaint  himself  with  the  various  groups  of 
glands,  with  their  afferents  and  efferents,  and  with  the  exact  position  and  relations 
of  the  large  lymphatic  trunks ;  he  will  then  be  in  a  position  to  understand  the 
course  which  minute  organisms  or  particles,  which  have  gained  access  to  the  lyrajih 
spaces,  may  take  as  tliey  are  carried  in  the  lymph  stream,  and  he  will  realise  that 
such  structures  may  either  be  entangled  in  the  glands  through  which  the  lymph 
passes,  or,  having  escaped  all  obstructions,  that  they  will  finally  enter  the  veins  at 
the  root  of  the  neck.  At  the  same  time,  if  he  bears  in  mind  the  existence  of 
the  numerous  anastomoses  between  the  lymphatic  vessels,  he  will  have  no  difficulty 
in  appreciating  that  variations  from  any  regular  course  may  not  infrequently 
occur,  and  his  clinical  experience  at  a  later  period  will  show  that  such  variations 
are  by  no  means  imcommon. 

THE  TERMINAL  LYMPH  VESSELS. 

The  terminal  lymph  vessels  are  the  thoracic  duct  and  the  right  lymphatic  dnct 
Thoracic  Duct. — The  thoracic  duct  (ductus   thoracicus)  is  the   larger  and 
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the  longer  of  the  two  terminal  lymph  veasels.  It  commences  in  the  umbilical 
region  of  the  abdomen  as  an  elongated  ovoid  dilation — the  receptacnlum  <di7li 
(cistema  cbyli) — which  measures  6  to  8  mm.  (^  to  ^  in.)  in  its  broadest  diameter, 
and  from  5  to  7'5  cm.  (2  to  3  in.)  in  length.    The  receptacnlum  chyli  lies  between 
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Fig.  060. — The  Thosacic  T>vct  and  in  Tributaries. 

the  aorta  and  the  lower  part  of  the  vena  azygoe  major,  under  cover  of  the  right  crua 
of  the  diaphragm,  and  oppoaito  the  first  and  second  lumbar  vertebrae.  Passing 
upwards  from  the  receptacnlum,  the  thoracic  duct  traverses  the  aortic  opening 
of  the  diaphragm  and  enters  the  posterior  mediastinuui,  tlirough  which  it  ascends, 
lying  in  front  of  the  vertebral  column  and  to  the  right  of  the  middle  line,  to  the 
level  of  the  fifth  dorsal  vertebra ;  it  then  crosses  somewhat  abruptly  from  the  right 
to  the  left  of  the  median  plane,  and  ascends  through  the  superior  mediastinum  to 
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the  root  of  the  neck,  where  it  turns  outwards,  between  the  vertebral  and  common 
carotid  arteries,  to  terminate  at  the  inner  border  of  the  scalenus  anticus  bv 
joining  the  commencement  of  the  left  innominate  vein. 

Length  and  diameter. — The  total  length  of  the  duct  averages  about  18  inches 
(45  cm.).  It  is  dilated  both  at  its  origin  and  termination.  As  a  rule  it  is 
narrowest  opposite  the  fifth  dorsal  vertebra,  but  its  calibre  is  very  variable,  and 
sometimes  the  thoracic  portion  is  broken  up  into  a  series  of  anastomosing  channels. 
The  widest  portion  of  the  tube  is  usually  the  receptaculum,  but  occasionally  this 
dilatation  is  entirely  absent.  The  duct  is  provided  with  several  valves,  formed  by 
semilunar  folds  of  the  inner  coat,  arranged  in  pairs,  and  the  most  perfect  of  these 
is  situated  at  the  orifice  of  communication  with  the  innominate  vein. 

Relations. — In  the  abdomen  the  receptaculum  chyH  lies  iu  front  of  the  upper  two 
lumbar  vertebra?  and  the  corresponding  lumbar  arteries,  between  the  aorta  on  the  left  and 
the  vena  azygos  major  and  the  right  crus  of  the  diaphragm  on  the  right.  In  the  posterior 
mediastinum  the  thoracic  duct  is  separated  from  the  vertebral  column  and  the  anterior 
common  ligament,  by  the  right  aortic  intercostal  arteries  and  the  transverse  parts  of  the 
small  azygos  veins ;  it  is  covered  in  front  in  the  lower  part  of  its  extent  by  the  right 
pleural  sac,  and  in  the  upper  part  by  the  oesophagus ;  to  its  right  is  the  vena  azygos 
major,  and  to  its  left  the  descending  aorta.  In  the  superior  mediastinum  it  passes  for- 
wards from  the  vertebral  column,  and  it  is  separated  from  the  left  longus  colli  muscle  liy 
a  mass  of  fatty  tissue  ;  the  oesophagus  lies  in  front  of  it  in  this  region,  but  the  left  margin 
of  the  duct  projects  beyond  the  oesophagus,  and  is  in  relation  in  front,  and  from  below 
upwards,  with  the  termination  of  the  arch  of  the  aorta,  the  left  subclavian  artery  and 
the  pleura.  As  the  duct  outers  the  root  of  the  neck  it  passes  behind  the  left  common 
carotid  artery,  whilst  to  its  right  and  somewhat  in  front  is  the  oesophagus,  and  the  left 
pleura  is  still  in  association  with  its  left  border. 

At  the  root  of  the  neck  it  arches  outwards  above  the  apex  of  the  pleural  sac  and  the 
first  part  of  the  left  subclavian  artery.  It  passes  in  front  of  the  vertebral  artery  and 
vein,  the  roots  of  the  inferior  thyroid,  transverse  cervical,  and  supi-ascapular  arteries,  the 
inner  border  of  the  scalenus  anticus  and  the  phrenic  nerve,  and  behind  the  left  can)tid 
sheath  and  its  contents. 

Tributaries. — The  receptaculum  chyli  commonly  receives  six  tributaries. 
(1)  The  common  intestinal  or  pre-aortic  lymphatic  trunk  (truncus  intestinalis),  which 
is  formed  by  the  efferent  of  the  cceliac  and  upper  pre-aortic  glands,  and  conveys 
lymph  from  the  lower  and  anterior  part  of  the  liver,  the  stomach,  the  small 
intestine,  the  spleen,  and  the  pancreas.  (2)  Two  common  Inmbar  or  lateral  aortic 
lymphatic  trunks  (trunci  lumbales),  one  on  each  side;  they  are  formed  by  the 
efferents  of  the  lateral  aortic  glands,  and  are  sometimes  joined  by  efferents  of  the 
retro-aortic  glands ;  they  carry  lymph  from  the  lower  extremities,  from  the  deep 
portions  of  tlie  abdominal  and  pelvic  walls,  the  large  intestine  and  the  pelvic  viscera, 
and  from  the  kidneys  and  suprarenal  capsules.  (3)  A  retro-aortic  trunk  from 
the  retro -aortic  glands  (see  p.  922) ;  and  (4)  Two  descending  lymphatic 
trunks,  one  on  each  side,  each  of  which  is  formed  by  the  efferent  vessels  from  the 
corresponding  lower  intercostal  glands  ;  these  descend  to  the  receptaculum  through 
the  aortic  opening  of  the  diaphragm.  Occasionally  they  unite  to  form  a 
single  trunk. 

In  its  course  through  the  posterior  mediastinum  the  thoracic  duct  receives 
efferents  from  the  upper  and  back  part  of  the  liver,  and  from  the  postt»rior 
mediastinal  and  oesophageal  glands. 

In  the  superior  mediastinum  the  vessels  which  open  into  it  are  derived  from 
the  upper  left  intercostal  glands ;  it  also  receives  lymph  from  the  heart  and  lungs 
by  efferents  from  the  left  peritracheo-brouchial  glands  and  the  intertrachtH)- 
bronchial  glands,  though  as  a  rule  the  lymphatics  of  these  glands  unite  with  the 
internal  mammary  lymphatic  to  form  a  common  trunk  which  may  open  either  into 
the  thoracic  duct  or  into  the  innominate  vein. 

At  the  root  of  the  neck,  just  before  its  termination,  it  receives  the  efferent*^ 
from  the  glands  of  the  left  upper  extremity,  which  frequently  unite  to  form  a  com- 
mon trunk  (truncus  subclavius),  and  the  left  common  jugular  lymphatic  (truncus 
jugularis),  which  conveys  the  lymph  from  the  left  side  of  the  head  and  neck,  but 
either  or  both  of  these  vessels  may  end  separately  in  the  innominate  vein. 
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Bight  Lymphatic  Duct. — The  right  lymphatic  duct  is  not  always  present  (ductus 
lymphaticus  dexter,  Fig.  664).  It  is  a  short  trunk,  from  half  to  three-quarters  of  an 
inch  (12  to  17  mm.)  in  length,  which  lies  at  the  right'side  of  the  root  of  the  neck  along 
the  inner  border  of  the  scalenus  anticus,  and  it  is  formed  by  the  confluence  of  the 
right  common  jugular  lymphatic  vessel  and  the  efferent  vessels  from  the  glands  of 
the  right  upper  extremity ;  it  also  receives  efferents  from  the  intercostal  glands  of 
the  upper  intercostal  spaces  on  the  right  side ;  the  internal  mammary  lymphatics 
and  the  right  efferents  from  the  peritracheo-bronchial  glands  on  the  right  side.  It  thus 
receives  lymph  from  the  right  side  of  the  head  and  neck,  the  right  upper  limb  and 
the  right  side  of  the  trunk,  including  the  upper  part  of  the  thoracic  wall,  the  right 
lung  and  pleura,  the  right  half  of  the  heart  and  pericardium,  the  right  side  of  the 
diaphragm,  and  the  upper  surface  of  the  liver.  As  a  rule  the  right  lymphatic  duct 
is  not  present,  and  the  right  jugular  lymphatic  carrying  the  lymph  from  the  head 
and  neck,  the  right  subclavian  lymphatic  bearing  lymph  from  the  right  upper 
extremity,  and  the  trunk  formed  by  the  fusion  of  the  right  internal  mammary 
lymphatic  and  the  right  efferents  from  the  peritracheo-bronchial  glands,  end 
separately  in  the  upper  part  of  the  right  innominate  vein,  but  any  two  of  the 
three  main  trunks  of  the  right  side  may  unite  together. 

THE  LYMPHATIC  VESSELS  AND  GLANDS  OF  THE  HEAD  AND  NECK. 

The  lymphatic  vessels  of  the  head  and  neck  form  two  groups — (1)  the 
intracranial  and  (2)  the  extracranial. 

(1)  The  intracranial  l3nnphaticB  are  (a)  the  cerebral  and  (b)  the  meningeal. 

(a)  The  cerebral  lymphatic  vessels  commence  in  the  substance  of  the  brain  as 
perivascular  spaces  round  the  branches  of  the  cerebral  arteries ;  they  accompany 
the  cerebral  branches  of  the  internal  carotid  and  the  vertebral  arteries,  and,  leaving 
the  skull  with  the  main  arterial  trunks  and  the  internal  jugular  vein,  terminate  in 
the  upper  deep  cervical  glands. 

(b)  The  meningeal  lymphatic  vessels  commence  in  the  substance  of  the  dura  mater; 
they  accompany  the  meningeal  blood-vessels,  and  they  terminate  in  the  internal 
maxillary  glands  and  in  the  upper  deep  cervical  glands. 

(2)  The  extra-cranial  lymphatics  are  either  (a)  superficial  or  (6)  deep,  and  the 
two  sets  anastomose  freely  together. 

(a)  The  superflcial  lymphatic  vessels  commence  in  the  subcutaneous  tissues  and 
superficial  muscles  of  the  face  and  scalp. 

(b)  The  deep  lymphatic  vessels  originate  in  the  walls  of  the  nose  and  mouth,  in 
the  tongue,  in  the  walls  of  the  pharynx,  the  oesophagus,  the  larynx  and  trachea,  in 
the  contents  of  the  orbital  and  other  extracranial  fossae,  and  in  the  muscles,  bones, 
and  ligaments  of  the  neck. 

All  the  extracranial  lymphatic  vessels,  both  superficial  and  deep,  are  afferents 
to  some  of  the  glands  of  the  head  or  neck,  and  their  general  distribution  and 
terminations  are  mentioned  in  connexion  with  the  glands  with  which  they 
are  associated. 

The  l3rmphatic  glands  of  the  head  include  the  following : — 

The  occipital  glands  (lymphoglandulai  occipitales),  two  or  three  in  number 
lie  beneath  the  deep  fascia  of  the  neck  upon  the  upper  part  of  the  trapezius  muscle, 
or,  if  the  trapezius  is  small,  upon  the  upper  part  of  the  complexus  muscle.  They 
receive  afferent  vessels  from  the  occipital  region  of  the  scalp  and  from  the  super- 
ficial parts  of  the  upper  and  back  portion  of  the  neck,  and  their  efferents 
terminate  in  the  superficial  and  deep  cervical  glands.  Some  of  the  lymph  vessels 
of  the  occipital  region  pass  directly  to  the  deep  cervical  glands. 

The  mastoid  glands  (lymphoglandulae  auriculares  posteriores)  lie  on  the  upper 
part  of  the  stemo-mastoid  muscle  and  on  the  mastoid  portion  of  the  temporal  bone, 
and  they  are  bound  down  by  a  sheathing  of  deep  cervical  fascia.  They  receive 
afferent  vessels  from  the  posterior  part  of  the  parietal  region  of  the  scalp,  and  from 
the  inner  surface  of  the  pinna;  their  efferents  join  the  superficial  and  deep 
cervical  glands. 

The  zygomatic  or  internal  maxillary  glands  (lymphoglandulae  faciales  profundse) 
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are  very  variable  both  in  number  and  size ;  they  lie,  in  part  in  association  witti 
the  internal  maxillary  artery,  extending  from  the  posterior  part  of  the  bucci- 
nator muscle,  across  the  external  pterygoid  muscle,  to  the  anterior  part  of  the 
wall  of  the  pharynx.  Their  afferent  vessels  are  derived  from  the  nrbit,  the 
temporal  fossa,  the  zygomatic  fossa,  the  palate,  the  nose,  and  the  cerebral  meniDges. 
Their  efferent  vessels  open  into  the  npper  deep  cervical  glands. 

The  parotid  lymphatic  glands  (lymphoglandulEe  auricularea  anteriorea),  which 

are  embedded  iu  the 
substance  of  the 
parotid  gland,  some 
superficially  immedi- 
ately beneath  the  faaciH 
on  the  external  sur- 
face and  others  deeply. 
The  aaperJUial  receive 
afferents  from  the 
frontal  and  the  tem- 
poral regions  of  the 
scalp,  from  the  eye- 
brow, the  upper  and 
lower  eyelids,  the  iipjier 
E  part  of  the  cheek,  the 
root  of  the  nose,  atid 
the  outer  surface  of 
the  pinna.  Their 
efferents  pass  to  the 
superficial  and  the 
upper  deep  cerrical 
glands.  The  deeji  pur- 
otid  lymphatic  glund,< 
(lympho  -  glandule 
parotideie)  lie  alon^' 
the  course  of  the  upi>er 
part  of  the  external 
carotid  arterj'.  Thej 
receive  afferent^  froiu 
the  external  meatus 
the  tympanum,  the 
soft  palate,  the  iio«- 
terior  part  of  the  now 
and  the  deeper  por- 
tions of  the  cheek 
Their  etfe rents  opeo 
i  inter-  into  the  upper  deep 
cervical  glands,  and 
they  also  oommunicatf 
with  the  glands  round 
the  external  jugular 
vein. 

The  FadaJ  aUndi 

— Several  glands  or  groups  of  glands  have  been  found  by  different  observers  in 
the  tissues  of  the  face.  Those  most  regularly  present  are  the  mandibnlar  claodi, 
which  lie  close  to  the  facial  artery  as  it  crosses  the  mandible  immediately  in 
front  of  the  ma-sseter  muscle.  A  number  of  buccal  glands,  irregular  in  num1>er 
and  size,  are  met  with  on  the  outer  surface  of  the  fascia  covering  the  bucciustor 
muscle,  some  near  its  anterior  part  and  others  near  the  point  where  the  buccinaior 
is  pierced  by  Stensen's  duct.  A  lateral  nasal  gland  is  sometimes  present  in  the 
angle  between  the  ala  of  the  nose  and  the  cheek,  and  an  inftaorbital  and  a  mnlar 
gland  are  descrilwd.     These  glands  receive  lymph  from  the  tissues  iu  their  im- 
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mediate  neighbourhood,  and  their  efferents  pass  to  the  submaxillary  or  parotid 
glands. 

The  lingual  glands  (lymphoglandulae  inguales)  lie  beiween  the  genio-hyo-glossi 
muscles  and,  on  the  outer  surfaces  of  the  hyo-glossi  and  genio-hyo-glossi  muscles, 
under  cover  of  the  mylo-hyoid  muscles ;  they  are  simply  small  lymphatic  nodules 
interposed  in  the  course  of  the  lymphatics  which  are  passing  from  the  tongue  and 
the  floor  of  the  mouth  to  the  deep  cervical  glands. 

The  lymphatic  glands  of  the  neck  include — 

The  superficial  cervical  lymphatic  glands  (lymphoglandul^e  cervicales  super- 
ficiales).  These  lie  on  or  are  embedded  in  the  deep  fascia  along  the  course  of  the 
external  jugular  vein,  superficial  to  the  sterno-mastoid.  They  receive  afferent 
vessels  from  the  superficial  tissues  of  the  neck,  the  mastoid,  the  superficial  parotid, 
and  the  submaxillary  lymphatic  glands.  Their  efferent  vessels  terminate  in  the 
upper  deep  cervical  glands  and  the  supra-clavicular  glands. 

The  submaxillary  lymphatic  glands  (lymphoglandulaB  submaxillares)  vary  in 
number  from  three  to  six.  They  lie  under  cover  of  the  deep  fascia  of  the  neck  in 
the  angle  between  the  lower  border  of  the  mandible  and  the  submaxillary  gland, 
and  the  largest  of  the  series  is  usually  situated  near  the  point  where  the  facial 
artery  turns  round  the  lower  border  of  the  mandible.  Occasionally  some  smaller 
gland  nodules  are  found  on  the  deep  surface  of  the  submaxillary  gland,  but  these 
are  comparatively  rare.  The  afferent  vessels  of  the  submaxillary  lymphatic  glands 
carry  lympjii  from  the  side  of  the  nose,  the  upper  lip,  the  outer  part  of  the  lower 
lip,  the  anterior  third  of  the  border  of  the  tongue,  the  gums,  the  submaxillary  and 
sublingual  glands,  and  the  adjacent  parts  of  the  floor  of  the  mouth.  The  efferents 
descend  over  the  superficial  surface  of  the  submaxillary  gland,  and  terminate  in 
the  upper  deep  cervical  glands,  more  particularly  in  those  in  the  immediate 
neighbourhood  of  the  termination  of  the  common  carotid  artery. 

The  supra-hyoid  or  submental  glands  lie  immediately  beneath  the  chin  superficial 
to  the  mylo-hyoid  muscles  and  between  the  two  anterior  bellies  of  the  digastric 
muscles.  They  are  apt  to  become  enlarged  in  diseased  conditions  of  the  middle  part 
of  the  lower  lip,  the  adjacent  part  of  the  gums,  the  anterior  part  of  the  floor  of  the 
mouth,  the  tip  of  the  tongue,  and  the  skin  beneath  the  chin,  for  their  afferent  vessels 
drain  those  parta  The  efferents  from  this  group  of  glands  pass  partly  to  the  sub- 
maxillary lymphatic  glands,  and  partly  to  a  deep  cervical  gland  situated  on  the 
superficial  surface  of  the  internal  jugular  vein  at  the  level  of  the  cricoid  cartilage. 

The  post-pharyngeal  glands  lie  behind  the  pharynx  and  in  front  of  the  upper 
two  cervical  vertebrae.  Their  afferents  are  derived  from  the  nasal  cavities  and  the 
air  sinuses  communicating  with  them,  the  naso-pharynx,  the  Eustachian  tube  and 
tympanic  cavity,  and  the  adjacent  muscles,  ligaments,  and  bones.  Thus  they 
receive  the  lymph  outflow  from  a  large  area  much  subject  to  inflammatory  condi- 
tions, and  on  this  account  they  not  uncommonly  become  infected  and  form  the  foci 
of  post-pharyngeal  abscesses. 

Their  efferents  terminate  in  the  upper  deep  cervical  glands. 

The  anterior  jugular  glands  are  of  small  size ;  they  are  very. variable  and  of  little 
importance.  When  they  are  present  they  lie  along  the  course  of  the  anterior 
jugular  vein. 

The  pre-larsmgeal  glands  are  also  very  variable.  When  present  they  lie  in 
the  crico-thyroid  space  between  the  anterior  borders  of  the  crico-thyroid  muscles. 
Their  afferents  are  derived  from  the  lower  and  middle  parts  of  the  larynx, 
the  upper  part  of  the  trachea,  and  the  thyroid  body.  Their  efferents  as  a  rule 
terminate  in  the  lower  deep  cervical  glands,  but  they  also  anastomose  with  the 
afferents  of  the  pre-tracheal  glands,  and  occasionally  they  ascend,  and,  uniting  with 
the  lymphatics  from  the  region  of  the  upper  part  of  the  larynx,  they  terminate  in 
the  upper  deep  cervical  glands  in  the  region  of  the  posterior  belly  of  the  digastric 
muscle. 

The  pre-tracheal  glands  are  generally  present,  but  are  small.  They  lie  upon  the 
surface  of  the  trachea,  recei\ing  afferents  from  the  trachea,  the  lower  part  of  the 
thyroid  body,  and  occasionally  from  the  pje-laryngeal  glands.  Their  efferents  join 
the  lower  deep  cervical  glands. 


THE  VASCULAR  SYSTEM. 

The  deep  eerrical  t^uda  lie 
under  cover  of  the  sterno- mastoid 
and  in  the  posterior  triangle  of  the 
neck.  The  former  are  deeignaled 
sub-stemo-mastoid  and  the  latter 
supra-clavicular.  They  foriuinreality 
acontinuoussheet  of  ^landu  lar  nodtt  les 
connected  together  by  vessels,  but  il 
is  usual  to  separate  them,  on  account 
of  their  positions,  into  those  which 
are  sub -sterno- mastoid  and  thwie 
wliich  lie  in  the  posterior  trian<;1e 
and  are  therefore  snpra-clavicular. 

The  Bub-sterao-mastoid  ^anda  arp 
separable  into  external  and  internal 
chains. 

The  external  chain  of  sub-Btemo- 
mastoid  glands  liea  behind  the  in- 
ternal jugular  vein  under  cover  ol 
the  posterior  border  of  the  eteruo- 
mastoid  muscle  and  on  the  route  ol 
the  cervical  plexus  of  nervee.  The 
glands  of  this  chain  receive  afferent* 
from  the  occipital,  mastoid,  and  ex- 
ternal jugular  glands,  from  the  pinita, 
the  posterior  part  of  the  scalp  aod 
the  adjacent  muscles,  and  the  bones 
and  skin  of  the  neck.  The  group  i» 
continuous  below  with  the  supra- 
clavicular glands,  and  its  efferenta 
terminate  either  in  those  glands  ot 
in  the  glands  of  the  internal  aub- 
Btemo-mastoid  chain.  When  they 
become  enlarged  the  external  sul'- 
stemo-mastoid  glands  can  be  felt 
and  even  seen  projecting  from  under 
cover  of  the  posterior  border  of  the 
sterno- mastoid. 

The  internal  chain  of  sub-Btemo- 
mastoid  glands  extends  along  the  in- 
ternal jugular  vein  from  the  liase  ol 
the  cranium  to  the  clavicle,  and  it  i-i 
not  uncommonly  spoken  of  as  cod- 
sisting  of  two  groups  of  glands  nhiuh 
are  called  the  upper  and  tower  deep 
cervical  glands,  the  former  lying 
above  and  the  latter  below  the  level 
of  the  thyroid  cartil^re.  There  is, 
however,  no  distinct  separation  be- 
tween the  two  groups,  and  the  division 
is  made  use  of  merely  for  conveniens 
in  indicating  the  higher  or  lower 
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The  upper  group  (lymphoglandulae  cervieales  profundae  superiores)  extends  from 
the  base  of  the  skull  to  the  bifurcation  of  the  common  carotid  artery  at  the  level 
of  the  upper  border  of  the  thyroid  cartilage.  Its  constituent  glands  vary  consider- 
ably in  size,  and  one  of  the  largest,  which  lies  under  cover  of  the  posterior  belly  of 
the  digastric  muscle,  receives  the  majority  of  the  lymphatics  from  the  tongue,  and 
is  therefore  of  great  clinical  importance.  The  glands  of  this  group  are  connected 
with  many  important  regions,  and  are  therefore  liable  to  become  enlarged  as  a  result 
of  diseased  conditions  in  many  of  the  upper  parts  of  the  head  and  neck.  Their 
afferents  are  derived  &om  the  interior  of  the  cranium,  the  nose,  the  pharynx,  the 
palate,  the  tonsils,  the  upper  part  of  the  larynx,  the  whole  of  the  tongue,  except 
its  tip  and  the  anterior  third  of  each  lateral  border,  and  the  thyroid  body.  They 
also  receive  as  afferents  the  efferent  vessels  from  the  buccal,  the  internal  maxillary, 
the  retro-pharyngeal,  the  sub-parotid,  and  the  deep  parotid  glands,  and  from  some 
of  the  glands  of  the  external  sub-sterno-mastoid  chain.  They  occasionally  receive 
the  efferents  from  the  pre-laryngeal  glands  carrying  lymph  from  the  lower  part  of 
the  larynx. 

The  lower  glands  of  the  internal  sub-sterno-mastoid  chain  or  the  lower  deep 
cervical  glands  (lymphoglandulse  cervieales  profundae  inferiores)  lie  along  the  lower 
part  of  the  internal  jugular  vein.  They  receive  the  efferents  from  the  external 
chain  of  sub-sterno-mastoid  glands,  from  the  pre-laryngeal  glands,  and  firom  a  group 
of  small  glands  which  lie  in  the  groove  between  the  trachea  and  oesophagus,  along 
the  course  of  the  recurrent  laryngeal  nerve.  These  glands  receive  lymph  from  the 
trachea,  oesophagus,  and  the  lower  part  of  the  thyroid  body. 

The  efferents  of  both  the  upper  and  lower  deep  cervical  glands  unite  together 
at  the  lower  part  of  the  neck  to  form  a  common  jugular  lymphatic  trunk  which 
terminates  on  the  right  side  either  by  uniting  with  the  subclavian  lymphatic  from 
the  upper  limb  to  form  the  right  lymphatic  duct,  or  separately  in  the  commence- 
ment of  the  innominate  vein.  On  the  left  side  the  jugular  lymphatic  trunk 
generally  ends  in  the  thoracic  duct,  but  it  may  end  either  in  the  internal  jugular, 
the  subclavian,  or  innominate  veins. 

The  supra-clavicular  glands  lie  in  the  anterior  part  of  the  posterior  triangle  of  the 
neck  amidst  the  descending  branches  of  the  cervical  plexus  and  on  the  roots  of  the 
brachial  plexus.  The  uppermost  part  of  tliis  group  is  continuous  with  the  external 
sub-sterno-mastoid  glands,  and  the  lowermost  is  situated  in  the  region  of  the 
termination  of  the  external  jugular  vein.  The  afferent  vessels  are  derived  from 
the  neck  and  the  posterior  part  of  the  scalp ;  from  the  upper  extremity,  many  of 
the  efferents  of  the  external  axillary  glands  terminating  in  the  supra-clavicular 
glands,  whilst  occasionally  the  lymphatics  which  accompany  the  cephalic  vein 
cross  the  clavicle,  instead  of  dipping  into  the  subclavian  glands,  and  terminate  in 
the  supra-clavicular  glands.  In  addition,  some  of  the  lymphatics  on  the  pectoral 
region,  amongst  which  may  be  included  some  occasional  vessels  from  the  mammary 
gland,  also  end  in  the  supra-clavicular  glands. 

It  is  well  known  that  the  supra-clavicular  glands  sometimes  become  enlarged 
subsequent  to  the  appearance  of  malignant  conditions  in  the  abdomen  and  the 
mediastinum,  and  more  particularly  subsequent  to  affections  of  the  oesophageal 
portion  of  the  stomach.  The  course  along  which  the  infective  material  travels  in 
these  cases  is  not  yet  known,  for  as  yet  do  afferent  vessels  have  been  traced  to  the 
supra-clavicular  glands  from  the  mediastinum. 

The  efferents  of  the  supra-clavicular  glands  usually  terminate  in  the  jugular 
lymphatic  trunk. 

LYMPHATIC  GLANDS  AND  VESSELS  OF  THE  UPPER  EXTREMITY. 

The  lymphatic  glands  of  the  upper  extremity  are  divisible  into  (1)  superficial 
and  (2)  deep  sets. 

(1)  The  superflcial  glands  lie  in  the  subcutaneous  tissue,  and  form  two  groups, 

a  lower  and  an  upper.     The  lower  or  ante-cubital  group  is  frequently  absent ;  when 

present  it  includes  two  or  three  glands  which  lie  in  front  of  the  elbow ;    they 

receive  afferent  vessels  from  the  front  of  the  forearm  and  from  the  median  part  of 
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the  palm,  cmd  occasionally  become  enlarged  subsequent  to  infective  inflammations 
of  those  areas.  They  give  off  efferent  vessels  which  pass  upwards  and  inwards 
along  the  antero- internal  aspect  of  the  arm.  At  varying  levels  these  efferents 
pierce  the  deep  fascia  and  terminate  in  the  external  axillary  glands.  The  upper 
or  supra-trochlear  group  lies  a  short  distamce  above  the  internal  condyle ;  as  a  rule 
it  includes  two  glands  only,  but  the  number  ma^  be  increased  to  four ;  they  lie 
close  to  the  commencement  of  the  basilic  vein,  and  their  afferent  vessels  are  derived 
from  the  inner  two  or  three  digits,  the  inner  side  of  the  forearm,  and  the  inner 
side  of  the  palm.  Their  efferents  pass  upwards  along  the  basilic  vein,  which  they 
accompany  through  the  opening  in  the  deep  fascia;  they  then  join  the  deep 
lymphatics,  which  are  ascending  along  the  brachial  artery,  and  accompany  them 
to  the  external  axillary  glands. 

(2)  The  deep  glands  lie  along  the  vessels  in  the  axilla  and,  just  below  the 
clavicle,  in  the  groove  between  the  pectoralis  major  and  the  deltoid  muscles. 
They  are  accordingly  divisible  into  (a)  the  axillary  and  (6)  the  infra-clavicular 
or  subclavian  glands. 

One  or  two  small  glands  are  occasionally  found  with  the  arteries  of  the  forearm 
and  a  few  with  the  brachial  artery ;  they  receive  deep  afferent  lymphatics  from 
the  adjacent  muscles,  ligaments,  and  the  bones,  and  they  give  off  efferent  vessels 
which  terminate  in  the  external  axillary  glands. 

(a)  The  azillajry  glands  are  arranged  in  four  groups — external,  anterior, 
posterior,  and  central. 

(i.)  The  external  group  (lymphoglandulse  axillares)  consists  of  from  six  or  more 
glands  which  form  a  chain  along  the  antero-internal  aspect  of  the  axillary  vessels, 
extending  from  the  lower  border  of  the  pectoralis  major  to  the  outer  border  of 
the  first  rib.  They  receive  afferent  vessels,  both  superficial  and  deep,  from  the 
whole  of  the  upper  extremity ;  many  of  these  pass  directly  to  the  glands  from  the 
tissues,  the  remainder  include  the  efferents  of  the  superficial  and  deep  glands  of 
the  forearm  and  arm,  and  some  of  the  efferents  of  the  anterior  and  posterior 
axillary  glands.  The  efferents  of  the  external  axillary  glands  pass  along  the 
subclavian  vein,  and  the  majority  either  terminate  in  the  subclavian  glands  or 
unite  with  their  efferents  to  form  a  common  subclavian  trunk,  which  terminate 
on  the  right  side  in  the  right  lymphatic  duct  or  in  the  innominate  vein,  and  on 
tlie  left  side  in  the  thoracic  duct;  but  some  of  the  efferents  end  in  the  supra- 
clavicular glands,  and  others  in  the  central  glands. 

(ii.)  The  anterior  axillary  or  pectoral  glands  (lymphoglandulse  pectorales], 
four  or  five  in  number,  lie  at  the  anterior  part  of  the  axilla,  in  the  angle  between 
the  pectoral  muscles  and  the  serratus  magnus.  They  receive  afferent  vessels 
from  the  superficial  parts  of  the  anterior  and  lateral  walls  of  the  body  above  the 
umbilicus,  and  from  the  outer  two-thirds  of  the  mammary  gland.  Some  of  their 
efferents  pass  to  the  external  axillary  glands,  some  to  the  subclavian  glands,  and 
others  end  in  the  glands  of  the  central  group. 

(iii.)  The  posterior  or  subBcaptdar  set  of  axillary  glands  (lymphoglandute 
subscapulares),  four  or  five  in  number,  lie  along  the  sides  of  the  subscapular 
artery  on  the  posterior  wall  of  the  axilla.  Their  afferents  are  the  superficia. 
lymphatics  of  the  lateral  and  posterior  parts  of  the  body-wall  above  the  umbilicus, 
and  the  superficial  lymphatics  of  the  lower  and  back  part  of  the  neck.  Their 
efferents  generally  join  the  external  and  central  axillary  glands,  but  some  may  end 
in  the  subclavian  glands. 

(iv.)  The  central  group  lies  at  the  base  of  the  axilla  resting  on  the  axillary  fascia 
between  the  other  groups.  It  consists  of  from  three  to  five  glands  which  receive 
afferents  from  the  external,  posterior,  and  anterior  groups  of  glands,  and  its 
efferents  pass  to  the  subclavian  glands. 

(b)  The  infira-olavioular  or  subclavian  glands  lie  in  relation  with  the  upper 
part  of  the  axillary  vein,  and  appear  to  be  the  upward  extension  of  the  external 
and  anterior  axillary  glands.  They  receive  efferents  from  all  four  groups  «>f 
axillary  glands,  a  deep  lymphatic  from  the  mamma  which  pierces  the  pectoralis 
major,  and  also  the  lymphatics  which  accompany  the  cephalic  vein  and  cany 
lymph  from  the  outer  side  of  the  hand,  forearm,  and  arm.      In  the  course  of 
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these  latter  vessels  a  few  small  glands  are  sometimes  interpolated  in  the  groove 
between  the  deltoid  and  pectoralis  major  muscles. 

The  lymphatic  vessels  of  the  upper  eztremitj  are,  like  the  glands,  arranged 

in  two  sets,  (1)  the  superficial  and  (2)  the  deep. 

The  supei^cial  lymphatic  vesaela  commence  in  cutaneous  plexuses  which 
are  finest  and  mo3t  dense  on  the  palmar  aspects  of  the  fingers  and  hand.  The 
efferents  from  the  palmar  digital  plexuses,  in  each  digit,  convei^e  to  four  trunks, 
which  lie  two  on  each  side  in  the  subcutaneous  tissue  on  the  lateral  margins  of 
the  dorsal  aspects  of  the  digits.  They  accompany  the  dorsal  digital  veins,  and, 
at  the  roots  of  the  digits,  they  pass  to  the  dorsum  of  the  hand,  where  they 
anastomose  together.  The  plexus  in  the  palm  of  the  hand  ia  extremely  fine,  and 
efferents  pass  from  it  not  only  upwards,  but  also  downwards  and  laterally.  The 
upper  efferents,  three  or  four  in  number,  accompany  the  median  vein,  and  terminate 
either  in  the  superficial  glands  at  the  bend  of  the  elbow  or  in  the  supra-trochlear 
glanda  The  lower  efferents  pass  to  the  interdigital  spaces,  and  turn  backwards 
to  the  dorsum  to  join  the  digital  trunks.  The  lateral  efferents  turn  round  the 
borders  of  the  hand,  those  on  the  inner  side  join  the  efferents  from  the  little 
finger,  and  those  on  the  outer  side  the  efferents  from  the  thumb.  Occa-sionally 
some  of  the  efferents  which  pass  towards  the  outer  side  fuse  to  form  a  fairly  large 
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trunk,  the  so-called  central  lymphatic,  which  turns  round  the  outer  side  of  the 
second  metacarpal  hone  and  unites  with  the  lymphatic  vessels  of  the  thumb  and 
index-fiager. 

The  superficial  lymphatic  vessels  of  the  forearm,  including  those  which  ascend 
from  the  dorsum  and  the  palm  of  the  hand,  are  grouped,  for  the  main  part,  along 
the  radial,  median,  and  ulnar  veins,  the  lateral  vessels  being  joined  at  intervals  by 
tributaries  from  the  dorsum  of  the  limb. 

The  lymphatic  trunks  which  accompany  the  ulnar  veins  terminate  in  the  supra- 
trochlear glands,  and  those  which  accompany  the  median  vein  in  the  glands  at  the 
bend  of  the  elbow,  the  ante-cubital  glands,  or,  if  these  are  not  present,  in  the 
supra-trochlear  glands. 

The  efferent  vessels  of  the  ante-cubital  and  supra-trochlear  glands  have  already 
been  described  (p.  914). 

A  few  of  the  lymphatics  of  the  outer  side  of  the  forearm  and  some  of  those  of 
the  upper  arm  accompany  the  cephalic  vein  and  carry  lymph  to  the  infra-clavicular 
glands,  or  to  some  small  glands  which  lie  in  the  groove  between  the  deltoid  and 
pectoralis  major  muscles  whose  efferents  join  the  infra-clavicular  glands. 

All  the  remaining  superRcial  vessels  of  the  upper  arm  and  forearm  pass  towards 
the  axilla.  They  pierce  the  deep  fascia,  and  terminate  in  the  external  set  of 
axillary  glands. 

The  deep  lymphatics  of  the  upper  extremity  commence  in  the  bones, 
periosteum,  ligaments,  muscles,  and  intermuscular  connective  tissue;  they 
accompany  the  main  vessels,  and  some  of  them  terminate  in  the  deep  glands 
of  the  forearm  and  arm,  but  the  majority  ascend  to  the  external  set  of  axillary 
glands. 
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THE  LYMPHATIC  GLANDS  AND  VESSELS  OF  THE  LOWER  EXTREMITY. 

Lymphatic  Glands  of  the  Lower  Extremity. — Like  those  of  the  upper 
extremity,  these  glands  are  arranged  in  two  sets,  (1)  superficial  and  (2)  deep. 

(1)  Superficial  Glands. — The  superficial  glands  all  lie  in  the  region  of  the 
groin,  and  form  three  groups — the  superior,  the  inferior,  and  the  internaJ,  which  are 
all  closely  associated  together  hy  numerous  inter-communicating  channels. 

(a)  The  superior  or  inguinal  group  includes  from  four  to  seven  flattened  ovoid 
glands  which  lie  parallel  with  and  just  below  Poupart's  ligament.  They  receive 
afferent  vessels  from  the  back  and  outer  part  of  the  thigh  and  the  buttock,  and 
the  superficial  lymphatics  from  the  body-wall  below  the  level  of  the  umbilicus, 
except  those  from  the  lower  and  anterior  part  which  pass  to  the  internal  group  of 
glands.  Their  efferents  pass  through  the  deep  fascia,  and  terminate  in  either  the 
deep  femoral  or  the  lower  external  iliac  glands. 

(b)  The  inferior  or  superficial  femoral  group  is  formed  by  from  three  to  six  oval 
glands  which  are  disposed  vertically  along  the  upper  part  of  the  internal  or  long 
saphenous  vein.  They  receive  all  the  superficial  lymphatics  of  the  foot  and  leg, 
except  a  few  which  accompany  the  external  saphenous  vein  to  the  popliteal  glands ; 
all  the  superficial  lymphatics  of  the  thigh,  except  those  from  the  upper  and  outer 
part,  which  terminate  in  the  superior  set  of  glands,  and  a  few  from  the  upper  and 
inner  part  which  terminate  in  the  inner  group  of  glands.  They  also  occasionallj 
receive  lymphatics  from  the  perineum  and  scrotum.  The  efferent  vessels  of  the 
femoral  group  pass  through  the  saphenous  opening,  and  terminate  either  in  the 
deep  femoral  glands  or  in  the  lower  external  iliac  glands. 

(c)  The  intemal  or  pubic  group  includes  two,  three,  or  four  rounded  glands 
which  lie  internal  to  the  saphenous  opening  and  close  to  the  spine  of  the  pubis. 
They  receive  afferent  vessels  from  the  lower  and  middle  portion  of  the  abdominal 
wall,  from  the  upper  and  inner  part  of  the  thigh,  from  the  skin  of  the  external 
genitals,  including  some  of  the  lymphatics  from  the  lower  third  of  the  vagina  in 
the  female,  and  from  the  perineum,  including  some  of  the  lymphatics  of  the  lowest 
part  of  the  anal  passage  and  anus,  in  both  sexes.  The  vessels  from  the  lower  third 
of  the  vagina  and  the  corresponding  part  of  the  rectum  communicate  not  only 
with  the  inguinal  glands  but  also  with  the  sacral  glands.  The  efferent  vessels  of 
the  pubic  glands  communicate  with  the  efferents  of  the  superior  and  inferior 
groups,  and,  after  passing  through  the  saphenous  opening,  they  terminate  either 
in  the  deep  femoral  or  the  lower  external  iliac  elands.  Although  the  general 
arrangement  of  the  afferent  vessels  of  the  superficial  inguinal  glands  is  that  above 
indicated,  it  must  be  understood  that  it  is  not  constant,  and  that  lymphatics  which 
frequently  terminate  in  one  group  may  in  some  cases  end  in  an  adjacent  group, 
a  fact  which  must  be  kept  in  mind  in  the  investigation  of  diseased  conditions. 

(2)  Deep  Glands. — The  deep  lymphatic  glands  of  the  lower  extremity  are 
found  on  the  upper  part  of  the  interosseous  membrane  of  the  leg,  in  the  popUteal 
space,  and  in  Scarpa's  triangle. 

The  anterior  tibial  gland  (lymphoglandula  tibialis  anterior)  is  situated  near  the 
anterior  tibial  artery  on  the  upper  part  of  the  front  of  the  interosseous  membrane. 
It  receives  afferent  vessels  from  the  deep  parts  of  the  sole  and  the  dorsum  of  the 
foot,  and  from  the  deep  parts  of  the  front  of  the  leg.  It  gives  oflf  two  efferent 
vessels  which  pass  backwards  along  the  anterior  tibial  artery  and  terminate  in  the 
popliteal  glands. 

The  popliteal  glands  (lymphoglandulse  popliteae)  are  four  or  five  in  number; 
they  he  in  the  popliteal  space,  generally  round  the  pophteal  artery,  but  occasion- 
ally there  is  one  immediately  beneath  the  deep  fascia  near  the  entrance  of  the 
external  saphenous  vein.  They  receive  afferent  vessels  from  the  sole  of  the  foot 
and  the  back  of  the  leg,  from  the  anterior  tibial  gland  and  the  knee-joint ;  ther 
also  receive  the  superficial  lymphatics  which  accompany  the  external  saphenous 
vein.  The  majority  of  the  efferent  vessels  join  the  deep  femoral  glands,  but  some 
become  superficial  and  end  in  the  inferior  superficial  femoral  glands,  and  it  is 
stated  that  others  accompany  the  sciatic  nerve  and  end  in  the  lateral  pelvic  glanda 

The  deep  femoral  glands,  three  or  four  in  number,  lie  on  the  inner  side  of  the 
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femoral  vein,  and  the  largest  of  the  group,  known  as  the  gland  of  Cloquet  or 
Rosenmiiller,  is  embedded  in  the  crural  canal.  Their  afferent  vessels  are  the 
efferents  of  the  popUteal  glands,  some  of  the  efiferents  from  the  superficial  glands  of 
the  groin,  the  lymphatics  from  the  glans  penis  and  some  of  the  lymph  vessels 
from  the  penile  portion  of  the  urethra,  and  the  deep  lymphatic  vessels  from  the 
front  and  outer  side  of  the  thigh  and  knee.  Their  efferents  pass  to  the  external 
iliac  glands. 

Lymphatic  Vessels  of  the  Lower  Extremity. — There  are  two  sets  of  these 
vessels,  (1)  the  super^ial  and  (2)  the  deep. 

(1)  Superficial  Veesela — The  superficial  lymphatics  lie  in  the  subcutaneous 
tissues.  They  commence  in  plexuses  which  are  best  marked  on  the  plantar  aspects 
of  the  toes  and  foot.  The  lymphatic  vessels  which  emerge  from  the  plantar  plexus 
in  each  toe  terminate  in  four  digital  vessels  which  are  arranged  in  pairs  along  the 
dorso-lateral  border  of  the  digit,  and  these  end  posteriorly  in  a  plexus  on  the 
dorsum  of  the  foot. 

Some  of  the  vessels  which  drain  the  plexus  in  the  sole  of  the  foot  turn  round 
the  outer  and  inner  borders  of  the  foot  and  join  the  dorsal  plexus,  whilst  others 
pass  up  the  leg  with  the  efferent  vessels  from  the  dorsal  plexus. 

The  efferent  vessels  from  the  dorsal  lymphatic  plexus  of  the  foot  form  two 
groups,  an  inner  and  an  outer.  The  inner  vessels  are  the  more  numerous,  and 
they  are  joined  by  additional  vessels  from  the  inner  part  of  the  sole  and  heel. 
Some  of  them  pass  upwards  in  front  of  and  others  behind  the  internal  malleolus ; 
in  the  leg  they  accompany  the  internal  saphenous  vein,  and  they  terminate  in  the 
lower  or  femoral  set  of  superficial  glands.  The  outer  group  of  vessels  is  reinforced 
by  tributaries  from  the  outer  side  of  the  sole  and  heel ;  most  of  the  vessels  of 
this  group  pass  upwards  in  front  of  the  external  malleolus,  but  some  go  behind 
that  prominence  of  bone ;  they  gradually  turn  inwards  as  they  ascend,  and,  passing 
across  the  front  of  the  leg,  they  join  the  internal  group,  being  first  reinforced 
by  numerous  additional  vessels  from  the  front  and  outer  side  of  the  leg,  and 
they  terminate,  with  the  vessels  of  the  inner  group,  in  the  superficial  femoral 
glands. 

A  few  vessels  of  the  outer  group,  and  one  or  two  large  vessels  which  rise  from 
the  back  of  the  heel  and  the  lower  part  of  the  leg,  ascend  along  the  external 
saphenous  vein,  pierce  the  popliteal  fascia,  and  terminate  in  the  popliteal 
glands. 

The  superficial  lymphatic  vessels  from  the  front,  the  lower  and  outer,  lower 
and  inner,  and  the  back  parts  of  the  thigh  and  knee,  terminate  in  the  superficial 
femoral  glands.  The  vessels  from  the  upper  and  outer  pcurts  of  the  thigh  and 
from  the  buttock  end  in  the  superficial  inguinal  glands,  and  those  from  the  upper 
portions  of  the  inner  and  back  parts  of  the  thigh  in  the  superficial  pubic 
glands. 

(2)  Deep  Vessels. — The  deep  lymphatics  of  the  lower  extremity  commence  in 
the  bones,  periosteum,  ligaments,  muscles,  and  deep  connective  tissue.  They  follow 
the  main  arteries,  and  they  terminate  in  the  anterior  tibial,  popliteal,  and  deep 
femoral  glands. 

The  vessels  which  terminate  in  the  anterior  tibial  gland  have  already  been 
mentioned  (p.  916). 

The  majority  of  the  deep  vessels  from  the  sole  accompany  the  plantar  arteries ; 
they  ascend  in  the  leg  along  the  posterior  tibial  vessels,  and  are  joined  by  the  deep 
lymphatics  of  the  back  of  the  leg  which  accompany  the  peroneal  and  posterior 
tibial  arteries.  At  the  lower  border  of  the  popliteus  the  deep  vessels  of  the  back 
of  the  leg  meet  the  efferent  vessels  from  the  anterior  tibial  gland  and  ascend  with 
them  to  the  popliteal  glands. 

The  deep  lymphatics  of  the  front  of  the  thigh  and  the  efferents  of  the  popliteal 
glands  end  in  the  deep  femoral  glands ;  those  of  the  upper  part  of  the  back  of  the 
thigh  and  buttock  accompany  the  sciatic  and  gluteal  vessels,  and  terminate  in  the 
lateral  pelvic  glands ;  the  deep  vessels  which  originate  amidst  the  upper  portions 
of  the  adductor  muscles  and  their  surroundings  accompany  the  obturator  vessels, 
and  terminate  in  the  obturator  or  in  the  lateral  pelvic  glands'. 
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THE  LYMPHATIC  GLANDS  AND  VESSELS  OF  THE  ABDOMEN  AND 

PELVIS. 

The  supeiflcial  Isrmphatics  of  .the  abdominal  wall  have  already  been  sufficiently 
referred  to  as  afferent  vessels  of  the  axillary  glands  and  of  the  superficial  glands  of 
the  groin  (pp.  914  and  916). 

Deep  Lymphatic  Olands  and  Vessels. — The  lymphatic  glands  of  the  abdomen 
and  pelvis  are  arranged  in  two  main  groups,  (1)  the  visceral  glands  and  (2)  the 
parietal  glands.  The  visceral  glands  lie  in  close  relation  with  the  walla  of  the 
viscera  or  in  the  folds  of  peritoneum,  by  which  the  viscera  are  either  connected 
together  or  attached  to  the  walls  of  the  abdomen  or  pelvis;  they  receive  the 
majority  of  the  lymphatic  vessels  from  the  viscera  with  which  they  are  associated. 
The  parietal  glands  lie  between  the  peritoneum  and  the  walls  of  the  abdomen  and 
pelvis ;  they  receive  deep  vessels  from  the  abdominal  and  pelvic  parietes,  and  from 
the  deep  parts  of  the  thigh  and  buttock.  They  also  receive  efferent  lymphatics 
from  the  glands  of  the  lower  extremities,  as  weU  as  some  of  the  efferent  vessels 
from  the  visceral  glands,  and  a  few  vessels  which  pass  directly  to  them  from  the 
walls  of  the  viscera. 

(1)  The  visceral  glands  include  the  following  : — 

(Gastric  Glands. — The  gastric  glands  are  separable  into  the  coronary,  the  sul  - 
pyloric,  and  the  retro-pyloric  groups. 

The  coronary  glands  (lymphoglandulie  gastrica?  superiores)  are  situated  in 
relation  with  the  upper  part  of  the  small  curvature  of  the  stomach  between  the 
layers  of  the  gastro-hepatic  omentum,  and  in  the  left  pancreatico-gastric  fold 
immediately  behind  and  to  the  right  of  the  cardiac  orifice.  They  receive  afferent** 
from  the  small  curvature,  except  at  the  pyloric  end,  and  from  a  little  more  than 
the  right  halves  of  the  anterior  and  posterior  walls  of  the  vertical  portion  of  the 
stomach.  They  also  receive  afferents  from  the  left  and  posterior  part  of  the  upper 
surface  of  the  liver.  Their  efferents  terminate  in  the  coeliac  group  of  pre-aortic 
glands. 

The  sub-pyloric  glands  lie  in  the  gastro-colic  omentum  near  the  pyloric  end  of  the 
stomach.  Their  afferents  are  derived  from  the  lower  part  of  the  great  curvature  ^nd 
from  the  immediately  adjacent  parts  of  the  anterior  and  posterior  surfaces  of  the 
stoftiach.     Their  efferents  end  in  the  retro-pyloric  glands. 

The  retro-pyloric  glands  are  very  variable.  They  are  situated  directly  behind 
the  pyloric  end  of  the  stomach  and  the  first  part  of  the  duodenum,  in  close  associa- 
tion with  the  gastro-duodenal  artery  and  in  the  right  pancreatico-gastric  fold. 
They  receive  as  afferents  the  efferents  of  the  sub-pyloric  glands,  and  also  afferent 
vessels  from  the  right  p^rt  of  the  small  curvature  and  from  the  posterior  surfaoj 
of  the  pyloric  portion  of  the  stomach.  Their  efferents  pass  to  the  coeliac  group 
of  pre-aortic  glands. 

In  certain  cases  of  disease  of  the  gastric  glands,  more  particularly  of  the  coronary 
group,  metastatic  deposits  occur  in  the  supra-claviciiiar  glands,  but  no  direct 
connexion  between  the  two  groups  of  glands  has  hitherto  been  discovered. 

The  lymphatics  from  the  anterior  and  postwior  walls  of  the  left  half  of  the 
vertical  portion  of  the  stomach  pa<*s  to  the  splenic  glands. 

The  splenic  glands  lie  near  the  hilum  of  the  spleen  in  relation  with  the  tail  of 
the  pancreas,  and  in  the  lieno-renal  ligament ;  they  receive  the  lymph  vessels  ftt^ui 
the  left  half  of  the  vertical  portion  of  the  stomach,  from  the  capsule  and  the 
substance  of  the  spleen,  and  from  the  pancreas.  Their  efferent  vessels,  accomjianied 
by  some  of  the  lymphatics  from  the  left  part  of  the  great  curvature  of  the  stomatdi. 
pass  inwards  in  the  lieno-renal  ligament  and  terminate  in  the  cceliac  glands. 

The  hepatic  glands  lie  in  the  hilum  of  the  liver  and  in  the  small  omentum 
beneath  it.  Many  lie  along  the  left  side  of  the  vertical  portion  of  the  portal  vein, 
and  others  along  the  common,  the  hepatic,  and  the  cystic  bile  ducts.  The  lnglie>t 
of  the  latter,  which  lies  close  to  the  neck  of  the  gall  bladder,  is  known  as  the  cvstic 
gland ;  it  constitutes,  however,  but  one  of  the  hepatic  glands.  The  cystic  glan«^ 
receives  afferents  from  the  lateral  and  under  surface  of  the  right  lobe  to  the  right 
of  the  gall  bladder,  and  the  remaining  hepatic  glands  receive  afferents  from  the 
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anterior  surface,  from  the  Spigelian  and  the  quadrate  lobes,  and  from  the  lower  and 
anterior  portion  of  the  deep  substance  of  the  liver.     The  efferents  of  the  hepatic 
glands  pass  to  the 
cceliac    groiip    of 
pre -aortic  glands. 

The  p&ncreatic 
glandB  (lympho- 
glandulie  pancre- 
aticae),  which  are 
sometimes  in- 
cluded in  the 
splenic  group,  lie 
along  the  upper 
border  of  the  pan- 
creas behind  the 
small  sac  of  the 
peritoneum;  they 
receive  the  lym- 
phatics which 
issue  from  the 
pancreas,  and 
efferents  from  the 
splenic  and  from 
the  diaphrag- 
matic glanda 
Their  efferentves- 
sels  terminate  in 
the  cffcliac  glands. 

The  snperior 
mesenteric  glands 
( ly  m  phoglan  d  u  lie 
mesentericse)  ate 
nnmeroiiB  (100  to 
200) ;  they  are 
scattered  between 
the  layers  of  the 
mesentery  and  in 
the  transverse 
mesoGoloD,  and 
they  are  most 
numerous  in  tJmt 
portion  of  the 
mesentery  which 
is  connected  with 
the  jejunum. 
They  vary  in  size, 
but  the  lai^estare 
rarely  larger  than 
an  almond;  the 
smaller  glands  lie 
neartheintestine, 
and  the  lai^r 
near  the  attached 
border  of  the 
mesentery.  They 
receive  afferent 
vessels    from  the 

waUs  of  the  jejunum  and  ileum,  and  from  the  ascending  colon,  the  caecum,  and  tlie 
transverse  colon.     Their  eftierents  terminate  in  the  pre-aortic  glands. 
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The  il6o-c8Bcal  glands,  four  or  five  in  number,  axe  a  subsidiary  group  of  the 
mesenteric  glands,  and  are  situated  in  the  lowest  part  of  the  mesentery  near  the 
angle  between  the  ileum  and  the  ascending  colon.  They  receive  afferent  vessels 
from  the  lowest  part  of  the  ileum,  from  the  caecum,  and  from  the  vermiform 
appendix,  and  their  efferent  vessels  pass,  with  those  of  the  other  mesenteric  glands, 
into  the  pre-aortic  glands.  One  of  them,  the  appendicular  gland,  is  occasionally 
separated  from  the  rest,  and  is  placed  in  the  base  of  the  mesentery  of  the  vermi- 
form appendix.  This  gland  is  of  special  interest,  not  only  because  it  receives  the 
lymphatics  of  the  appendix,  but  also  because  in  the  female  some  of  the  lymphatics 
of  the  right  ovary  terminate  in  it. 

The  colic  glands  are  also,  for  the  main  part,  a  subsidiary  group  of  superior 
mesenteric  glands ;  they  lie  in  relation  with  the  ascending  portion  of  the  colon  and 
in  the  transverse  mesocolic  fold  of  the  peritoneum.  They  receive  the  lymphatic 
vessels  which  issue  from  the  portion  of  the  gut  in  their  immediate  neighbourhood, 
and  their  efferent  vessels  terminate  in  the  juxta-  and  pre-aortic  glands  and  in  glands 
round  the  root  of  the  superior  mesenteric  artery. 

The  inferior  mesenteric  glands  are  situated  in  the  course  of  the  inferior  mesen- 
teric artery  and  its  branches ;  they  receive  lymph  from  the  ileo-pelvic  and  descending 
colon  and  transmit  it  to  the  juxta-  and  pre-aortic  glands. 

The  rectal  glands  are  a  few  small  glands  which  lie  in  the  meso-rectum  and  the 
areolar  tissue  between  the  rectum  and  the  sacrum ;  they  are  small,  and  they  receive 
lymphatic  vessels  from  the  upper  part  of  the  rectum.  Their  efferent  vessels 
terminate  in  the  juxta-aortic  and  sacral  glands. 

The  ccBliac  glands  (lymphoglandulae  coeliacae)  surround  the  coeliac  axis,  and 
lie  in  front  of  the  abdominal  aorta  above  the  origin  of  the  superior  mesenteric 
artery,  and  are  simply  a  group  of  the  upper  pre-aortic  glanda  They  vary  in 
number,  and  are  of  large  size ;  they  receive  the  efferent  vessels  from  the  gastric, 
splenic,  pancreatic,  and  hepatic  glands,  and  their  efferent  trunks  unite  with  the 
efferents  from  the  pre-aortic  glands,  and  form  with  them  a  single  trunk,  the 
conmion  intestinal  lymphatic  trunk,  which  terminates  in  the  receptaciilum  chyli. 

(2)  The  parietal  glands  of  the  abdomen  and  pelvis  are  as  follows : — 

The  external  iliac  glands  are  arranged  in  three  groups,  an  outer,  a  middle,  and 
an  inner,  placed  respectively  to  the  outer  side,  in  front  of,  and  to  the  inner  side  ot 
the  external  iliac  artery.  The  inner  group  is  situated  in  the  cavity  of  the  pelvis 
between  the  external  iliac  vein  and  the  obturator  nerve,  but  inasmuch  as  it  is 
directly  associated  with  the  efferent  vessels  from  the  deep  crural  glands  it  must  be 
ascribed  to  the  external  iliac  group.  Each  group  forms  a  chain  consisting  of  three 
or  more  glands,  and  the  lowest-  gland  of  each  chain,  which  is  situated  inmiediatelv 
above  Poupart's  ligament,  is  known  as  a  retro-crural  gland.  The  internal  chain  4»f 
external  iliac  glands  receives  afferents  from  the  deep  and  superficial  inguinal  gland:^, 
from  the  deeper  portions  of  the  abdominal  wall  from  the  region  of  the  umbihcus 
downwards,  from  the  adductor  group  of  muscles  along  the  obturator  nerve  and 
artery,  from  the  neck  of  the  bladder,  from  the  prostate,  from  the  membranous  and 
bulbous  parts  of  the  urethra,  and  also  afferents  from  the  glans  penis  or  the  glans 
clitoris  which  have  passed  along  the  crural  canal.  Its  efferents  pass  to  either  the 
common  or  internal  iliac  glands. 

The  middle  chain  is  connected  by  anastomosing  vessels  both  with  the  internal 
and  external  chains,  and  it  also  receives  afferent  vessels  from  the  neck  of  the  uterus 
and  the  upper  part  of  the  vagina  in  the  female,  from  the  prostate  in  the  male,  and 
from  the  bladder  in  both  sexes.     Its  efferents  pass  to  the  conomon  iliac  glands. 

The  afferents  of  the  external  chain  convey  lymph  from  the  superficial  and  deep 
inguinal  glands  from  the  deeper  parts  of  the  lateral  and  anterior  portions  of  the 
abdominal  wall,  and  a  certain  amount  of  lymph  from  the  glatis  penis  or  clitoris 
which  passes  along  vessels  which  traverse  the  inguinal  canal. 

If  the  student  bears  in  mind  what  has  already  been  said  with  regard  to  the 
inguinal  and  external  iliac  glands,  it  will  be  obvious  to  him  that  whibt  the 
lymphatics  of  the  scrotum  and  the  skin  of  the  penis  terminate  entirely,  or  almt«t 
entirely,  in  the  superficial  inguinal  glands,  those  of  the  glans  pass  to  the  deep  cruial 
and  the  retro-crural  glands,  and  it  is  worth  noting  that  some  of  those  which  end  in 
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the  retro-crural  glands  pass  to  their  terminations  along  the  crural  and  others  along 
the  inguinal  canaL  It  is  also  a  matter  of  clinical  importance  to  remember  that  the 
lymphatics  from  the  urethra  also  end  partly  in  the  deep  inguinal  glands,  partly  in 
the  external  iliac  glands,  and  partly  in  the  internal  iliac  glands:  those  which 
terminate  in  the  latter  glands  including  some  which  carry  lymph  from  the 
prostatic,  membranous,  and  bulbar  parts  of  the  canal. 

The  eiferents  of  the  external  iliac  glands  terminate  in  the  common  iliac  glands. 

The  obturator  gland  is  situated  in  the  pelvis  at  the  upper  end  of  the  obturator 
canal  below  and  behind  the  obturator  nerve.  It  is  not  constant,  but  when  it  is 
present  it  receives  lymph  from  the  deeper  parts  of  the  inner  portion  of  the  thigh, 
and  its  efferent  vessels  end  in  the  inner  chain  of  external  iliac  glands. 

The  deep  glands  of  the  anterior  wall  of  the  abdomen. — These  glands  are  irregular 
both  in  number  and  occurrence,  and  they  are  small  in  size.  When  they  are 
present  they  lie  along  the  deep  circumflex  iliac  and  the  deep  epigastric  arteries, 
and  are  known  as  the  circumflex  iliac  and  epigastric  glands,  in  addition,  however, 
there  are,  at  least  in  the  child,  one  or  two  small  glands  lying  in  relation  with  the 
posterior  surface  of  the  sheath  of  the  rectus  abdominis  above  the  umbilicus,  the 
supra-umbilical  glands,  and  there  is  frequently  a  single  infra-umbilical  gland 
situated  to  one  or  the  other  side  of  the  middle  line  below  the  umbilicus.  The 
circumflex  iliac  and  epigastric  glands  receive  afferents  from  the  adjacent  parts  of 
the  abdominal  walls,  and  their  efiferents  end  in  the  external  iliac  glands.  The 
sttpra-  and  infra-umbilical  glands  are  connected  with  the  rich  lymphatic  plexuses 
of  the  umbilical  region.  It  is  probable  that  the  supra-umbilical  glands  are  also 
associated  with  the  lymphatics  of  the  anterior  part  of  the  upper  surface  of  the 
liver ;  and  the  infra-umbilical  gland  with  the  lymphatics  of  the  upper  and 
anterior  part  of  the  bladder.  At  all  events  it  seems  certain  that  the  lymphatics 
of  the  bladder  are  connected  with  those  of  the  umbilical  plexuses,  and  it  is  almost 
certain  that  in  some  cases  at  least  they  are  either  directly  or  indirectly  associated 
with  the  infra-umbilical  gland. 

The  internal  iliac  glands  are  not  in  all  cases  to  be  clearly  defined  from  the  inner 
set  of  external  iliac  glands,  but  if  it  be  accepted  that  all  glands  on  the  side  wall  of 
the  pelvis  above  and  in  front  of  the  obturator  nerve  be  looked  upon  as  external 
iliac  glands, — and  this  is  a  reasonable  view  inasmuch  as  they  are  in  direct  associa- 
tion with  the  deep  crural  glands, — then  all  other  glands  which  lie  in  relation  with 
the  side  wall  of  the  pelvis  may  be  considered  as  internal  iliac  glands.  As  a  general 
rule  it  may  be  said  that  the  larger  glands  of  the  internal  iliac  group  are  situated 
in  the  regions  of  the  origins  of  the  branches  of  the  internal  iliac  artery,  extending 
in  an  irregular  row  from  the  root  of  the  obUterated  hypogastric  artery  in  front  to 
the  origin  of  the  gluteal  artery  behind.  They  receive  afferents  from  the  upper 
part  of  the  anal  passage,  and  from  the  lower  part  of  the  rectum ;  from  the  middle 
part  of  the  vagina  and  the  lower  part  of  the  uterus ;  some  lymphatics  from  the 
lower  and  posterior  part  of  the  bladder;  from  the  prostate,  the  prostatic  and 
membranous  parts  of  the  urethra ;  and  from  the  deeper  parts  of  the  back  of  the 
thigh  and  the  buttock  which  are  supplied  by  the  sciatic  and  gluteal  arteries.  The 
efferent  vessels  pass  to  the  posterior  group  of  the  common  iliac  glands. 

The  lateral  sacral  glands  may  be  considered  as  associates  of  the  internal  iliac 
group  of  glands*  They  lie  along  the  front  of  the  sacrum  to  the  inner  sides  of  the 
anterior  sacral  foramina.  They  receive  afferents  from  the  adjacent  bones  and 
ligaments  and  from  the  neck  of  the  uterus,  the  lower  part  of  the  vagina,  and  in 
the  male  from  the  prostate ;  their  efferents  end  either  in  the  internal  or  in  the 
common  iliac  glands. 

The  common  iliac  glands  lie  along  the  common  iliac  artery,  some  to  its  outer 
side,  some  posterior  to  it,  and  some  to  its  inner  side.  The  latter  are  naturally 
close  to  their  fellows  of  the  opposite  side,  and  the  two  groups  of  opposite  sides  are 
sometimes  spoken  of  collectively  as  the  glands  of  the  promontory.  The  number  of 
glands  in  each  set  varies  from  two  to  four.  The  external  and  posterior  glands 
receive  as  afferents  the  efferents  from  the  external  and  internal  iliac  glands,  and 
possibly  a  few  lymphatics  from  the  adjacent  muscles  and  bones.  The  internal 
group  receives  afferents  from  the  base  of  the  bladder  in  both  sexes,  from  the  upper 
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and  posterior  part  of  the  prostate  in  the  male,  and  from  the  neck  of  the  uterus 
and  the  lower  part  of  the  vagina  in  the  female.  The  efferents  of  the  common  iliac 
glands  terminate  in  the  lateral  aortic  glands. 

The  Imnbar  glands  are  of  small  size,  and  they  are  very  irregular  in  occurrence 
and  in  number.  When  they  are  present  they  lie  close  to  the  transverse  processes 
of  the  lumbar  vertebrae  behind  the  psoas  muscle,  and  correspond,  therefore,  in 
position  with  the  posterior  intercostal  glands  of  the  thorax.  They  receive  afferent 
vessels  which  accompany  the  lumbar  arteries  from  the  deeper  parts  of  the 
abdominal  walls.  Their  efferent  vessels  end  either  in  the  lateral  aortic  glands,  or 
they  unite  with  the  efferents  of  those  glands  to  form  the  lateral  aortic  efferents,  or 
common  lumbar  trunks. 

The  aortic  glands  are  situated  in  front  of,  at  the  sides  of,  and  behind  the 
abdominal  part  of  the  aorta,  and  are  therefore  known  as  the  pre-aortic,  the  lateral 
aortic,  and  the  retro-aortic  glands.  The  lateral  aortic  glands  have  usually  been 
known  as  the  mesial  lumbar  glands,  but  during  the  last  few  years  it  has  l)een 
becoming  more  customary  to  speak  of  them  as  lateral  aortic  on  account  of  their 
close  association  with  that  great  blood-vessel. 

The  pre-aorlic  glands  lie  along  the  anterior  aspect  of  the  abdominal  aorta, 
either  forming  a  continuous  chain  or  arranged  in  three  groups  which  are 
situated  respectively  in  the  regions  of  the  origins  of  the  inferior  and  superior 
mesenteric  arteries  and  round  the  root  of  the  cceliac  axis,  and  the  latter  group 
constitutes  so  distinct  an  entity  that  it  is  most  commonly  spoken  of  as  the 
cceliac  group.  The  afferent  vessels  of  the  pre-aortic  glands  are  derived  from 
the  superior  mesenteric,  the  inferior  mesenteric,  and  the  colic  glands.  The 
ooeliac  group  also  receives  afferents  from  the  hepatic,  the  sub-pyloric,  the  retro- 
pyloric,  and  the  coronary,  and  the  pancreatic  and  splenic  glands.  Numerous 
communications  pass  between  the  pre-  and  the  lateral  aortic  glands,  but  speaking 
broadly  it  may  be  said  that  the  pre-aortic  glands  receive  the  greater  part  of  the 
lymph  from  the  abdominal  portion  of  the  alimentary  canal  and  from  the  associated 
glands.  The  afferent  vessels  from  the  lower  glands  of  the  group  either  terminate 
in  the  cceliac  glands  or  join  with  their  efferents  to  a  large  common  intestinal 
lymphatic  trunk  which  is  one  of  the  six  tributaries  of  the  receptaculum  chyli. 

The  lateral  aortic  glands  lie  at  the  sides  of  the  abdominal  aorta,  those  of 
the  right  side  being  situated  both  in  front  of  and  behind  the  inferior  vena  cava. 
They  receive  afferents  from  the  lumbar  glands,  or  if  the  latter  are  absent,  vessels 
which  pass  directly  from  the  abdominal  parietes  along  the  lumbar  arteries.  They 
also  receive  the  lymphatics  of  the  kidneys,  the  testicles  or  ovaries,  the  suprarenal 
bodies,  and  from  the  upper  part  of  the  uterus.  In  addition  they  receive  i\w 
efferents  of  the  common  iliac  glands.  They  are  connected  by  anastomoses  with 
the  pre-  and  retro-aortic  glands,  and  their  efferents  unite  on  each  side  into  a 
common  lumbar  or  lateral  aortic  trunk  which  joins  the  receptaculum  chyli. 

The  retro-aortic  glands  lie  behind  the  aorta,  in  front  of  the  third  and  fourtli 
lumbar  vertebrae.  They  receive  a  few  lymphatics  from  the  adjacent  muscles,  bone? 
and  ligaments,  and  numerous  efferents  from  the  lateral  and  pre-aortic  glamls. 
Their  efferents  unite  to  form  a  vessel  of  fair  size  which  ends  in  the  receptacuhim 
chyli. 

It  follows  from  what  has  been  already  said  that  the  lymph  from  the  pelvis  and 
the  lower  extremities,  and  that  from  the  pelvic  viscera,  passes  to  the  receptaculum 
through  the  common  iliac  and  the  lateral  aortic  glands,  but  on  account  of  the 
vessels  which  unite  the  lateral  aortic  with  the  pre-  and  retro-aortic  glands  it  is 
obviously  possible  that  infective  material  passing  either  from  the  lower  extremities 
or  from  the  pelvic  viscera  which  is  not  intercepted  by  the  lateral  glands  may  pass 
through  them  and  set  up  new  foci  of  disease  either  in  the  pre-  or  retro-aortic 
glands,  and  although  the  lateral  aortic  glands  are  the  natural  terminations  of  the 
lymphatic  vessels  from  the  kidneys,  testicles,  ovaries,  and  suprarenal  bodies,  never- 
theless infective  material  from  any  of  those  organs  may  pass  through  the  latewl 
into  the  pre-  or  retro-aortic  glands. 

The  deep  lymphatic  vessels  of  the  abdomen  and  pelvis  have  been  mentioned  ?<> 
frequently  in  association  with  the  gland  groups  in  which  they  terminate  that  no 
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further  account  of  the  vessels  themselves  is  required;  all  necessary  information 
regarding  them  will  be  found  in  the  accounts  of  the  glands  of  which  they  are  the 
afiPerenta  It  is,  however,  important  to  bear  in  mind  that  there  is  a  very  rich 
lymphatic  network  in  the  region  of  the  umbilicus.  The  superficial  lymphatics  of 
this  region  terminate  in  the  inguinal  or  pubic  glands,  but  the  deeper  communicate 
with  the  lumbar  and  external  iliac  glands,  and  are  associated  by  anastomoses  with 
the  lymphatics  of  the  upper  part  of  the  bladder  and  the  upper  and  anterior  part  of 
the  surface  of  the  liver.  They  are  also  connected  with  the  supra-  and  infra- 
umbilical  glands,  to  which  reference  has  already  been  made  (p.  921). 


THE  LYMPHATIC  GLANDS  AND  LYMPHATIC  VESSELS  OF  THE  THORAX. 

Most  of  the  superficial  lymphatic  vessels  of  the  thoracic  wall  are  tributaries 
of  the  axillary  glands,  and  they  have  already  been  described,  but  those  of  the 
mamma  are  so  important  from  a  clinical  point  of  view  that  a  more  detailed 
description  of  their  general  arrangement  is  necessary. 

The  lymphatics  of  the  mamma  are  naturally  subdivided  into  cutaneous  and 
glandular.  The  cutaneous  lymfhatics  arise  in  the  skin  over  the  gland,  and 
are  separable  into  peripheral  and  central  groups.  The  peripheral  cutaneous  vessels, 
Uke  the  remainder  of  the  cutaneous  vessels  of  the  thoracic  wall,  pass  to  the  axillary 
glands  without  joining  the  subareolar  plexus  which  lies  immediately  subjacent  to 
the  nipple  and  the  surrounding  areola.  The  central  cutaneous  lymphatics  converge 
to  an  areolar  and  a  mamnullary  plexus  from  which  efferent  veasels  pass  to  terminate 
in  a  deeper  or  subareolar  plexus  which  receives  also  the  majority  of  the  glandular 
lymphatics. 

The  glandvlar  lymphatics  commence  in  the  perilobular  connective  tissue.  The 
majority  follow  the  ducts  of  the  gland  and  end  in  the  subareolar  plexus.  The 
efferent  vessels  of  the  subareolar  plexus  terminate  in  the  anterior  axillary  glands. 
In  addition,  however,  to  this  main  stream  of  lymph,  there  are  three  other  channels 
by  which  lymph  can  pass  from  the  perilobular  lymphatics  of  the  gland.  One  of 
these  channels  runs  from  the  outer  part  of  the  gland  directly  to  the  anterior 
axillary  glands  without  traversing  the  subareolar  plexus.  Another  accompanies 
the  pectoral  branch  of  the  acromio- thoracic  artery,  emerges  from  the  posterior 
surface  of  the  gland,  pierces  the  pectoralis  major,  and  ascends  to  the  subclavian 
glands.  The  third  set  of  accessory  lymphatics  passes  from  the  inner  part  of  the 
gland  along  the  branches  of  the  internal  mammary  artery  which  are  distributed  to 
the  mamma.  These  vessels  pierce  the  great  pectoral  and  end  in  the  internal 
mammary  glands. 

Deep  L]rmphatics  of  the  Thorax. — The  glands  associated  with  the  deep 
lymph  vessels  of  the  thorax  may  be  divided  into  the  parietal,  and  the  visceral  or 
mediastinal 

1.  Parietal  glands  include  the  following : — 

The  intercostal  glands  (lymphoglandulse  intercostales),  which  he  in  the  posterior 
parts  of  the  intercostal  spaces  near  the  heads  of  the  ribs,  or  a  little  farther 
out,  between  the  intercostal  muscles.  They  receive  the  lymphatic  vessels  from 
the  deep  parte  of  the  posterior  portions  of  the  thoracic  walls,  including 
the  parietal  pleura,  and  their  efferent  vessels  are  divided  into  ascending  and 
descending  trunks.  The  efferent  vessels  from  the  intercostal  glands  of  the 
upper  five  or  six  spaces  on  the  left  side  pour  their  lymph  into  the  thoracic 
duct,  terminating  separately  in  the  larger  vessel  or  uniting  first  to  form  a 
common  trunk.  The  efferents  from  the  upper  intercostal  glands  on  the  right 
side  may  end  either  in  the  thoracic  duct  or  they  may  join  the  right  broncho- 
mediastinal trunk.  The  efferent  vessels  from  the  intercostal  glands  of  the  lower 
four  or  five  spaces  unite  to  form  a  common  trunk  on  each  side,  which  descends 
through  the  aortic  opening  of  the  diaphragm  and  terminates  in  the  receptaculum 
chyli.  Some  of  them  also  communicate  with  the  thoracic  duct.  In  addition  to 
the  posterior  intercostal  glands,  smaller  lateral  intercostal  glands  are  sometinies 
interposed  in  the  courses  of  the  deep  vessels  of  the  thoracic  wall.     They  have, 
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however,  but  little  practical  importance.    When  they  are  present  they  lie  near  the 
origins  of  the  lateral  branches  of  the  intercostal  arteriea 

The  internal  mammary  or  sternal  glands  (lymphoglandulse  sternales),  which  lie 
along  the  side  of  the  internal  mammary  artery,  one  or  two,  as  a  rule,  being  placed 
opposite  the  anterior  end  of  each  intercostal  space.  Their  afferents  are  derived  from 
the  deeper  parts  of  the  anterior  portion  of  the  thoracic  wall,  from  the  deep  part  of  the 
front  of  the  abdominal  wall  by  vessels  which  ascend  along  the  superior  epigastric 
artery,  from  the  inner  portion  of  the  mammary  gland,  and  from  the  anterior  part 
of  the  diaphragm  and  the  anterior  diaphragmatic  glands.  Some  of  their  efferenta 
pass  to  the  anterior  mediastinal  glands,  but  the  majority  ascend  to  the  root  of  the 
neck,  where  they  termin£^>ie  either  directly  in  the  corresponding  innominate  vein, 
or,  according  to  the  side  on  which  they  lie,  they  end  in  the  thoracic  duct,  or  the 
right  lymphatic  duct  if  it  is  present. 

The  diaphragmatic  glands  are  arranged  in  three  groups — the  anterior,  middle, 
and  posterior. 

The  anterior  group  lies  behind  the  ensiform  process  and  the  anterior  ends  of 
the  seventh  costal  cartilages.  It  receives  lymph  from  the  anterior  part  of  the 
diaphragm,  and  from  the  anterior  part  of  the  upper  surface  of  the  liver.  Its 
efferents  pass  to  the  internal  mammary  glands. 

The  middle  group  consists  of  two  lateral  portions  which  lie  at  the  aides  of  the 
pericardium  near  the  phrenic  nerves.  On  the  right  side  these  glands  are  closely 
associated  with  the  upper  part  of  the  inferior  vena  cava,  and  some  of  them  he  od 
the  anterior  wall  of  that  vessel  internal  to  the  fibrous  sac  of  the  pericardium.  The 
afferents  of  the  middle  diaphragmatic  glands  are  derived  from  the  middle  part  of 
the  diaphragm  and  from  the  upper  surface  of  the  liver.  Their  efferents  join  the 
posterior  mediastinal  glands. 

The  posterior  group  has  very  little  importance,  and  practically  constitutes  a 
lower  section  of  the  posterior  mediastinal  glands.  It  lies  between  the  pillars  of 
the  diaphragm  and  the  posterior  wall  of  the  thorax,  and  receives  lymph  from  the 
immediately  adjacent  parts.  Its  efferents  end  in  the  higher  posterior  mediastinal 
glands. 

2.  Visceral  Thoracic  Glanda — Of  these  there  are : — 

The  anterior  mediastinal  glands  (lymphoglandulae  mediastinales  anteriores)  are 
embedded  in  the  loose  tissue  of  the  anterior  mediastinal  region.  They  receive 
afferents  from  the  middle  part  of  the  upper  portion  of  the  Uver  which  ascend 
through  the  falciform  ligament,  from  the  anterior  part  of  the  diaphragm,  and 
from  the  lower  sternal  glands.  Their  efferents  pass  upwards  to  the  superior 
mediastinum,  where  some  of  them  enter  the  superior  mediastinal  glands,  whilst 
others,  continuing  upwards,  terminate  on  the  right  side  in  the  right  lymphatic 
duct,  and  on  the  left  side  in  the  thoracic  duct. 

The  snperior  mediastinal  glands  (lymphoglandulse  mediastinales  superiores)  are 
grouped  round  the  innominate  veins,  along  the  upper  part  of  the  aortic  arch,  and 
in  front  of  the  thoracic  portion  of  the  trachea.  They  receive  afferents  from 
the  heart,  the  pericardium,  the  thymus,  and  the  anterior  mediastinal  glands. 
Their  efferents  terminate  at  the  root  of  the  neck  in  the  right  lymphatic  and 
thoracic  ducts. 

The  middle  mediastinal  glands  are  situated  round  the  primary  bronchi  and  the 
lower  end  of  the  trachea,  and  they  are  separable  into  the  following  groups : — 

The  bronchial  glands,  which  lie  principally  on  the  anterior  aspects  of  the 
primary  bronchi  and  along  their  upper  borders.  They  receive  lymph  from  the 
lungs  which  has  previously  passed  through  a  series  of  inter-bronchial  or  pulmonary 
glands,  which  lie  in  the  angles  of  division  of  the  bronchi  in  the  hilum  and  in  the 
substance  of  the  lungs.  Their  efferents  unite  with  the  eSerents  of  the  superior 
mediastinal  and  internal  mammary  glands  to  form  a  common  broncho-mediastinal 
trunk  on  each  side.  This  vessel  when  it  is  present  ends  on  the  left  in  the  thoracic 
duct  or  the  innominate  vein,  and  on  the  right  in  the  right  lymphatic  duct  or  in 
•one  of  the  large  veins  at  the  root  of  the  neck. 

The  inter-tracheO'bronchial  glands,  which  lie  between  the  primary  bronchi  and 
3}eneath  the  end  of  the  trachea.     They  receive  afferents  from  the  heart  and  from 
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the  lower  part  of  the  trachea,  and  communicating  vessels  connect  them  with  the 
bronchial  glands.  Their  efferents  either  join  the  broncho-mediastinal  trunk  if  it 
is  present,  or  the  thoracic  or  right  lymphatic  duct,  or  they  end  directly  in  one  of 
the  great  veins  at  the  root  of  the  neck. 

The  posteiior  mediastinal  glands  (lymphoglandulse  mediastinales  posteriores) 
lie  along  the  aorta  and  the  oesophagus  in  the  posterior  mediastinum.  They 
receive  afferents  from  the  posterior  part  of  the  pericardium,  the  posterior  part 
of  the  diaphragm,  and  from  the  oesophagus.  Their  efferent  vessels  pass  mstinly  to 
the  thoracic  duct,  but  some  of  the  upper  ones  on  the  right  side  end  in  the  right 
lymphatic  duct,  and  a  few  join  the  bronchial  glanda 

The  deep  Isnnphatic  yessels  of  the  thorax  have  been  included  in  the  description 
of  the  tributaries  of  the  deep  glands.  As  in  the  abdomen  and  pelvis,  the  main 
deep  lymphatic  vessels  accompany  the  blood-vessels  of  the  region. 


DEVELOPMENT   OF  THE   BLOOD   VASCULAR  SYSTEM. 
The  Pericardium,  the  Primitive  AoRTifi,  and  the  Heart. 

A  general  account  of  the  deyelopmeut  of  the  primitive  vascular  system  and  of  the 
establishment  of  the  footal  circulation  has  been  given  in  a  previous  chapter  (see  p.  60 
et  scq,),  and  it  is  there  pointed  out  that  the  earliest  blood-vessels  of  the  developing  ovum 
appear  in  the  vascular  area  of  the  yolk  sac,  t,e,  outside  the  body  of  the  embryo  altogether. 
Almost  simultaneously,  however,  two  longitudinal  vessels  appear  in  the  embryo  itself. 
They  are  formed  in  the  splanchnic  mesoderm  of  the  pericardial  area,  and  are  easily 
distinguishable  before  that  area  is  carried  downwards  to  form  the  ventral  wall  of  the 
foregut  during  the  evolution  of  the  headfold. 

The  two  longitudinal  vessels  are  the  rudiments  of  the  primitive  heart  and  of  the 
principal  blood-vessels.  The  changes  which  take  place  in  them,  and  which  result  in  the 
formation  of  the  fully  developed  heart  and  vessels,  will  be  more  easily  understood  after  the 
development  of  the  pericardial  sac,  together  with  the  alterations  it  undergoes  both  as 
regards  position  and  relations,  have  been  carefully  studied. 

Development  of  the  Pericardium  and  the  Primitive  Aortae.— The  pericardial 

area  is  recognisable  as  soon  as  the  mesoderm  has  extended  over  the  embryonic  area  of  the 
developing  ovum.  It  is  somewhat  semilunar  in  shape,  it  lies  at  the  extreme  anterior  end 
of  the  embryonic  region,  and  it  limits  the  bucco-pharyngeal  area  or  membrane  in  front  and 
at  the  sides  (Figs.  17  and  18).  The  mesoderm  of  the  pericardial  area  is  continuous  laterally 
with  the  general  mesoderm  of  the  embryonic  area,  but  in  those  mammals  in  which  a 
pro-amnion  is  formed  it  is  separated  in  front  from  the  extra-embryonic  mesoderm  by  the 
pro-amniotic  area,  whilst  in  other  mammals  also  it  remains  quite  separate  from  the  extra- 
embryonic mesoderm  in  front  though  it  is  more  closely  related  to  it. 

With  the  formation  of  the  coslom  the  mesoderm  of  the  pericardial  area  is  separated 
into  an  upper  or  somatic  and  a  lower  or  splanchnic  layer,  and  it  is  in  the  latter  that 
the  two  small  tubes  which  constitute  the  first  blood-vessels  of  the  body  of  the  embryo 
appear.  The  two  tubes,  or  primitive  aortsB,  which  run  longitudinally  and  parallel  to 
one  another,  apparently  end  at  first  blindly  both  in  front  and  behind,  but  as  development 
proceeds  they  extend  backwards,  one  on  each  side  of  the  bucco-pharyngeal  membrane, 
and  beneath  the  mesodermal  somites,  to  the  caudal  region,  behind  which  they  pass  on  to 
the  walls  of  the  yolk  sac  to  join  the  blood-vessels  of  the  vascular  area ;  before  ending 
they  give  off  branches  to  the  allantois.  In  the  human  embryo  the  yolk  sac  is  relatively 
small  and  unimportant,  and  accordingly  the  branches  which  go  to  the  allantois,  or  rather 
to  the  chorion  along  the  bojly  stalk,  appear  to  form  the  more^direct  posterior  continuations 
of  the  primitive  vessels.  The  anterior  end  of  each  primitive  trunk  passes  forwards  to  the 
anterior  margin  of  the  pericardial  area,  and  is  continued  on  to  the  yolk  sac,  where  it  also 
joins  the  vessels  of  the  vascular  area. 

During  the  formation  and  evolution  of  the  headfold  the  pericardial  area  increases  in 
size,  its  cavity  enlarges,  and  both  it  and  the  bucco-pharyngeal  area  are  reversed  in  position 
(Figs.  27  and  49).  Both  these  areas  are  carried  forwards  somewhat  with  the  headfold,  in 
which  it  is  to  be  remembered  the  primitive  foregut  is  included,  but  when  the  headfold  is 
completely  formed  the  pericardial  area  lies  ventral  to  the  foregut,  and  its  primitive  upper 
somatic  surface  is  now  its  lower  or  anterior  surface ;  the  original  lower  or  splanchnic  surface 
is  superior  or  dorsal,  whilst  what  was,  at  first,  the  anterior  border  of  the  pericardial 
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area  is  converted  into  the  posterior  end  of  the  reversed  area,  and  it  forms  the  anterior 
limit  of  the  umbilical  orifice.  In  brief,  the  relative  positions  nf  itJi  several  parts  are 
reversed,  and  at  this  period  the  pericardial  cavity  which,  like  the  area,  is  semilunar  in 
shape,  extends  from  side  to  side  beneath  the  foregiit,  and  its  comua  are  continuous  at  the 
aides  of  the  foregut  with  the  general  body  cavity  of  the  embryo.  Subsequently  this  con- 
tinuity is  obliterated,  and  the  pericardial  cavity  is  separated  from  the  pleuro-pentoneal 
part  of  the  general  body  cavity  or  coelom. 

The  mesoderm  at  the  posterior  end  of  the  reversed  pericardial  region,  where  ibe 
somatic  and  splanchnic  layers  are  coutinuoua,  i.e.  just  in  front  of  the  umbilieiiB,  increaaes 
in  thicknesa  and  forms  a  semilunar  maaa,  the  septiun  truuvennm,  in  which  the  liver  and 
the  ventral  part  of  the  diaphragm  are  formed.  The  latter  extends  mesially  from  the 
anterior  wall  of  the  body  to  the  foregut,  immediately  in  front  of  the  gastric  dilatation,  whilst 
laterally  it  forms  two  falciform  projections  which  encroach  from  without  upon  the  portions 
of  the  coelom  which  lie  at  the  sides  of  the  (oregut  Ultimately  the  lateral  portionB  ot  the 
diaphragm  pasa  inwards,  and,  fusing  with  the  mesentery  of  the  foregut,  they  separate  the 
pleuro-peritoueal  portion  of  the  ccelom  into  three  parts — two  anterior,  one  on  each  side  of 
the  foregut,  the  pleural  tcui,  and  a  posterior,  the  peritonecd  atvily. 

When  the  pericardial  region  is  completely  reversed  the  two  vessels  developed  in 
its  splanchnic  layer  lie  side  by  side  in  what  is 
ic  aortie  irch   now  its  dorsal  wall.     Posteriorly  they  are  con- 
irunitive         tinned  through  the  septum  transversum  to  the 
"■  wall  of  the  yolk  sac.     Anteriorly  they  are  cod- 

lomi aorta     tinned,  as  thefiret  cephalic aorticarches,  through 
the  mandibular  arches  which  have  developed  at 
Bin  the  sides  ot  the  bucco-phatyngeal  membrane,  to 

the  dorsal  wall  of   the  gut,  where  they  pa% 
v«iD  backwards    beneath    the  paraxial  mesoderm  tn 

the  posterior  end  of  the  body,  whence  tliey  m 
continued,  in  the  human  subject,  along  the  b(iiv 
toToik«M  Htalk  to  the  placental  portion  of  the  rhorion, 
giving  oR*  branches  to  the  walls  of  the  ali- 
mentary canal  and  yolk  sac. 

These  two  primitive  embryonic  vessels  are  the 

™^  primitive  aorts.     After  the  formation  ot  the 

prtmitiT*        cephalic  and  caudal  folds,  each  primitive  aorti 

iiidii  arch       ^^^7  ^^  looked  upon  as  consisting  of  three  paru 

united  by  two  arches : — an  anterior  ventral  pan. 

the  anterior  Teatnl  aorta,  situated  partly  ic  tbf 

septum  transversum  and  partly  in  the  dorsal  ■>" 

of  the  pericardium  and  the  root  of  the  nect ;  i 

Pw.  8B5.-DIA0BA11  OF  THE  Primfiivk  Vas-  ^01881  part,  the  primitive  dorsal  aorta,  whieb 

cuLAB  Stbtbh  befobe  THE  PoRUATioN  OF  exteuds   beneath  the   paraxial    mesoderm  imu 

THE  Heart.  the  dorsal  end  of  the  mandibular  arch  to  ibi 

tail  fold  ;  a  posterior  ventral  part,  the  posUdif 

ventral  aorta,  which  passes  to  the  yolk  sac ;  the  anterior  part  of  the  posterior  ventn! 

aorta  soon  atrophies,  and  the  remainder  of  the  vessel  is  then  prolonged  from  the  posterinr 

part  ot  the  ventral  wall  of  the  body  to  the  placenta  by  a  new  branch.     The  two  arch» 

which  unite  the  three  main  portions  of  each  primitive  aorta  together  are  an  anterior,  ih( 

flnt  cephalic  aortic  arch,  which  lies  in  the  mandibular  arch  and  passes  from  the  anterior 

ventral  aorta  to  the  anterior  end  of  the  primitive  dorsal  aorta,  atid  a  posterior,  the  primiiT 

candal  aortic  arch,  which  passes  in  the  tail  fold  and  at  the  side  of  the  hind  gut,  fmm 

the  primitive  dorsal  aorta  to  the  posterior  portion  of  the  primitive  ventral  aorta. 

As  development  proceeds  a  series  of  transformations  occurs  in  the  various  sections  «' 
the  primitive  aortfe.  These  transformations  are,  with  few  exceptions,  alike  on  the  twosiJe*. 
but  the  transformations  which  occur  in  one  section  are  entirely  diflferent  from  those  mtt 
with  in  the  other  sections  ;  therefore  each  part  must,  to  a  certain  extent,  be  considenJ 
separately. 

Each  anterior  ventral  aorta  is  divisible  into  three  parts.  The  posterior  part  lies  in  'he 
septum  transveraum.  Posteriorly  it  forms  the  terminal  portion  of  the  vitelline  vein,  and 
carries  the  blood  from  the  waU  of  the  yolk  sac.  For  a  long  time  each  vitelline  vein  remains 
separate  from  its  fellow  of  the  opposite  side,  but  afterwards  the  two  veins  unite  to  form  a 
common  stem,  which  terminates  at  first  in  the  posterior  part  of  the  heart,  and  subeeijuentlT 
in  the  liver.     The  anterior  section  of  the  posterior  part  of  the  anterior  ventrti  aorta 
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rapidly  enlarges  and  unites  with  its  fellow  of  the  opposite  side  to  form  the  sinnB  T 
or  posterior  chamber  of  the  primi- 
tive heart ;  after  a  time  this  grows     cepbiu 
forwards  out  of  the  sejitum  into  the 
pericardium,  and  is  absorbed  intx)    ini^o, 
the  auricular  portion  of  the  heart. 

The  middle  part  of  the  anterior    p^j^jy, 
veutral  aorta  lies  in  the  dorsal  wall 
of    the   pericardium   and    projects    veitabn 
forwards  into  it«  caTity.     It   lies  anbci«vi«i 
close  to  its  fellow  of  the  opposite  Primitive 
side,  and  as  the  two  vessels  rapidly 
enlarge  their  inner  walls  approach     i*""'" 
each  other,   and,   fusing  together,       cmii 
form  a  single  median  vessel  which 
constitutes  the  primitive  heart  (the 
sinus  venosus  being  excepted)  in- 
cluding the  bnlbos  arteiioBliB,  the 
latter  being  afterwards  developed 
into  the  roots  of  the  pulmonary  .,i^„^™ 
and  aortic  vessels. 

The  anterior  portion  of  the  an- 
terior ventral  aorta  is  embedded  in 
the  tissues  at  the  upper  or  anterior 
part  of  the  pericardium,  that  is,  at 
the  root  of  the  neck.  At  first  it  is 
connected  with  the  primitive  dorsal 
aorta  by  a  single  cephalic  aortic  ^"'•'^" 
arch,  but  afterwards  three,  and 
eventually  four,  additional  arches  ^^^ 
connect  it  with  the  anterior  part 
of  the  primitive  dorsal  aorta.  As 
the  neck  lengthens  this  part  of  the 
anterior  ventral  aorta  is  elongated. 
For  the  greater  part  of  its  extent 
it  remains  separate  from  its  fellow  of  the  opposite  side,  and  it  takes  part  in  the  formation 

Primuy  7th  [wlrof  PuBt-cuat^l 


Tio.  667.— DuaRikii 


of  the  great  vessels  of  the  head  and  neck.     Posteriorly,  however,  it  unites  with  its  fellow 
of  the  opposite  side  to  form  the  apei  of  the  bulbus  arteriosus.     After  the  completion  of 


928  THE  VASCULAR  SYSTEM. 

the  cephalic  aortic  arches  the  portions  of  the  anterior  ventral  aorta  which  lie  betwe«u 
their  loner  extremities  are  kuown  as  the  ventral  toote  of  the  cephalic  aortic  arches. 

The  primitive  dorsal  aorta  may  be  coDTenientl;  divided  into  two  parts.  The  anterior 
part  extends  from  the  dorsal  end  of  the  first  cephalic  aortic  ai'ch  to  the  root  of  the  fore- 
limb.  It  remains  separate  from  ite  fellow  of  the  opposite  side,  and  forms  the  donftl  looU 
of  the  cephalic  aortic  arches  of  itA  own  side.  It  takes  part  in  the  formation  of  the  great 
vessels  of  the  head  and  neck  and,  on  the  left  side,  of  part  of  the  aorta  of  the  adult 

The  remaining  portion  extends  from  the  root  of  the  fore-limb  to  the  pelvic  region;  it 
passes  inwards,  and  unites  with  its  fellow  of 
the  opposite  side  beneath  the  vertebral  column 
to  form  the  greater  part  of  the  permanent 
systemic  aorta. 

The  primary  caudal  arch  connects  the 
primitive  dorsal  with  the  posterior  ventntl 
aorta.  As  it  passes  ventrally  it  lies  on  the 
inner  aide  of  the  Wolffian  duct  After  a  time 
it  is  replaced  by  a  secondur  caudal  arch 
which  lies  at  the  outer  side  of  the  WolfBan 
duct,  and  this  subsequently  becomes  the 
common  and  int«ma]  iliac  arteries  and  the 
root  of  the  hypogastric  artery,  the  extemsl 
iliac  being  merely  an  offset  from  it  to  the 
hind-limb. 

The  greater  part  of  the  primitive  pOBt«rior 
ventral  aorta  disappears  early,  and  its  secondary 
continuation  to  the  placenta  becomes  the 
remainder  of  the  hypogastric  artery,  which 
passes  from  the  internal  iliac  artery,  by  the 
side  of  the  bladder  and  along  the  ventral  wall 
ot  the  abdomen,  to  the  umbilicus,  whence  it 
is  continued  along  the  umbilical  cord  to  the 
placenta. 

Having  considered  thus  briefly  the  muD 
— AB  parts  of  the  primitive  aortic  vessels,  and 
having  noted,  shortly,  the  fate  of  each  portion 
in  the  subsequent  phases  of  development,  «e 
_«;  may  now  turn  to  a  more  detailed  considemtiou 
of  the  metamorphoses  which  occur  in  those 
[tarts  of  primitive  vessels,  viz.  the  anterior 
ventral  aort«e,  the  cephalic  aortic  arches,  tni 
the  anterior  parts  of  the  primitive  doraal  sortie, 
where  most  strikingandmost  complicated  tnm^ 
formations  result  in  the  formation  of  the 
heart,  the  aorta  in  part,  the  pulmonary  arterv 
and  its  primary  branches,  the  chief  arterial 
trunks  of  the  head  and  neck,  and  the  Ant 
part  of  the  main  artery  of  the  right  upper 
extremity. 


FlQ.  SSS.— DiVILOPHBNT 

Diagram  showing  the  chansea  of  form  ami  ettemal 
appearaocea  at  iliffereul  stages.  HoiiiGeil  frota 
Hia'a  iiiwleli.  III.B  and  IV.B  are  «iJe  views  ; 
Ihe  other  figorea  rapreKsut  the  heart  aa  aeeu 
from  the  front. 

A,  Auricle  ;  A. B,  Aortic  buHi;  A.C.  Auricular  canal  ; 
A.P,  Auricular  ap(»iii!is  ;  L.\',  Lefl  ventricle ; 
O.A.C,  Opening  of  auricular  canal  j  P.V.A, 
"  imilive  ventral  aorta  ;  R.V,  RiKlit  ventricle  ; 


8.V,    ! 
Vitelline  veina. 


inwards,  their  inner  walls  comt 
single  median  tube  is  formed. 


Development   of  the    Heart,  of   thk 
first  part  of   the  aorta,  akd  of 

THE  PULMOKARY   ArTEBY. 


Of  the  three  parts  into  which  each  anterior 
vcntnd  aorta  is  divisible  the  middle  is  situat«d 
in  the  splanchnic  mesoderm  of  the  dorsal  wall 
of  the  pericardium.  As  development  proceeds 
the  middle  parts  of  both  anterior  ventral  aorW 
enlarge  and  project  into  the  cavity  of  the  peri- 
caixlium,  whilst  at  the  some  time  they  gro* 
in  contact,  fuse  together,  and  disappear,  and  so  a  simple 
This  is  the  primitive  heut,  which  is  completed  in  frmt 
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and  behind  the  pericardium  by  the  fusion  of  the  adjacent  ends  of  the  anterior  and 
posterior  parts  of  the  anterior  ventral  aortee. 

The  simple  tubular  hearty  at  first  straight  and  of  fairly  uniform  calibre,  soon  alters  in 
form  and  in  the  relative  position  of  its  different  parts.  It  becomes  irregularly  enlarged, 
and  a  series  of  four  dilatations,  with  intervening  constrictions,  can  be  distinguished.  The 
dilatations,  from  behind  forwards,  are  as  follows : — (1)  the  sinas  venosus  or  saccos 
rennieiis,  (2)  the  auricle  or  atrium,  (3)  the  ventricle,  and  (4)  the  aortic  bulb  or  bulbuB 
arteriosuB.  The  short  constriction  between  the  auricle  and  ventricle  is  known  as  the 
anricnlar  canal,  and  the  less  pronounced  constriction  which  intervenes  between  the 
ventricle  and  the  aortic  bulb  is  termed  the  fretum  Halleri.  In  addition  to  this  alteration 
in  form,  the  tubular  heart  elongates,  much  more  so  than  the  pericardium  in  which  it  lies, 
whilst  at  the  same  time  the  anterior  extremity  of  the  aortic  bulb  and  the  sinus  venosus 
are  withdrawn,  from  the  root  of  the  neck  and  the  septum  transversum  respectively,  into 
the  pericardium.  Of  necessity,  therefore,  the  single  heart  is  bent  upon  itself,  and  it 
projects  more  and  more  into  the  pericardium,  pushing  forwards  the  visceral  layer  of 
the  serous  lining  of  this  cavity,  and  carrying  with  it  a  mesentery  of  splanchnic  mesoderm 
which  is  known  as  the  mesocardium. 

The  bending  of  the  heart  results  in  the  formation  of  a  U-shaped  loop,  the  posterior  or 
venous  limb  of  the  loop  lying  to  the  left  and  below,  with  the  body  in  the  erect  posture, 
the  antenor  or  arterial  limb  being  to  the  nght  and  above,  whilst  the  intervening  stem  of 
the  loop  runs  from  the  left  and  below  upwards,  forwards,  and  to  the  right.  The  apex 
of  the  aortic  bulb  is  bent  a  little  to  the  left  and  reaches  the  middle  line. 

Subsequently  the  auricle  ascends  behind  the  ventricle,  and  the  ventricular  opening 
of  the  auricular  canal,  the  short  communicating  passage  between  the  auricle  and 
ventricle,  is  seen  as  a  transverse  slit  at  the  upper  part  of  the  left  or  posterior  end  of  the 
ventricle.  As  the  ventricular  chamber  enlarges  its  upper  end  passes  towards  the 
middle  line,  and  the  ventricle  is  no  longer  so  obliquely  directed  from  left  to  right  but 
lies  more  in  the  mesial  plane.  As  the  result  of  these  changes  of  position,  and  the  coin- 
cident modifications  in  size  of  the  different  parts,  the  aortic  bulb  is  eventually  placed 
immediately  in  front  of  the  auricle,  and  the  opening  of  the  auricular  canal  is  nearer 
the  middle  of  the  upper  part  of  the  posterior  wall  of  the  ventricular  chamber.  During 
its  further  growth  the  ventricle  enlarges  principally  at  its  anterior  or  ventral  part ;  the 
dorsal  part  is  not  materially  altered  in  position,  and  consequently  the  openings  of  the 
auricular  canal  and  the  aortic  bulb  remain  relatively  close  together.  The  auricle  increases 
in  size  by  lateral  expansion  and  by  forward  extension  of  its  lateral  angles ;  the  forward 
extensions  embrace  the  sides  of  the  aortic  bulb,  and  constitute  the  rudimentary  auricular 
appendages.  In  the  meantime  the  mesocardium  disappears  and  the  heart  lies  free  in  the 
pericardium  except  at  its  extremities. 

Division  of  thb  Heart  into  its  different  Chambers,  and  Division  of 

THE  Aortic  Bulb. 

Whilst  the  changes  in  form,  position,  and  size  of  the  different  sections  of  the  primitive 
heart,  which  have  just  been  described,  are  taking  place,  the  division  of  the  heart  cavity 
into  its  four  permanent  chambers,  and  of  the  aortic  bulb  into  its  aortic  and  pulmonary 
portions  commences.  These  divisions  are  brought  about  by  the  growth  of  septa  in  the 
ventricle,  auricle,  and  aortic  bulb,  and  by  the  thickening  and  fusion  of  the  middle  portions 
of  the  upper  and  lower  walls  of  the  auricular  canal. 

The  thickenings  of  the  walls  of  the  auricular  canal  are  called  endocardial  cushions  ; 
they  meet  and  fuse  together  mesially  to  form  the  septnm  intermedium  by  which  the 
central  portion  of  the  canal  is  obliterated,  whilst  the  lateral  portions  are  left  patent  as 
small  triangular  channels  which  still  connect  the  auricular  and  ventricular  chambers. 

The  separation  of  the  ventricular  part  of  the  heart  into  right  and  left  chambers  is 
indicated,  externally,  at  a  very  early  period,  by  a  groove,  well  marked  in  front  and  below, 
but  less  distinct  behind  where  it  runs  upwards  to  the  auricular  canal ;  whilst  internally, 
in  a  corresponding  position,  a  ventricular  septum  (s.  inferius)  grows  upwards  from  the 
inferior  part  of  the  ventricular  wall.  The  posterior  part  of  the  upper  border  of  this  septum 
unites  with  the  lower  end  of  the  fused  endocardial  cushions  of  the  auricular  canal ;  the 
anterior  part  of  its  upper  border  terminates  a  short  distance  below  the  orifice  of  the  aortic 
bulb,  where  it  unites  with  the  septum  of  the  aortic  bulb  which,  at  a  later  period,  descends 
to  meet  it. 

The  division  of  the  aortic  bulb  commences  at  its  distal  end  between  the  orifices  of 
the  fourth  and  fifth  cephalic  aortic  arches.  It  is  due  to  the  ingrowth  of  two  endocardial 
63 
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thiokeoiiigs  which  meet  and  fuse  together  from  their  distal  to  their  proiiroal  ends, 
forming  a.  septum  which  divides  the  iaterior  of  the  aortic  bulb  into  two  parts,  sod  theu 
projects  downwards  into  the  ventricular  chamber  till  it  meets  and  fuses  with  the  anterior 
part  of  the  upper  border  of  the  ventricular  septum.  The  upper  or  distal  part  of  the 
saptom  of  the  aortic  bnlb  commences  from  the  dorsal  wall  of  the  cavity  between  the 
fourth  and  fifih  cephalic  arches,  and  it  is  placed  transversely,  but  its  lower  end  lies 
more  antero-posteriorly,  therefore  it  twists  spirally  as  it  deeoends,  and  as  a  result  the  right 
part  of  the  ventricle  is  thrown  into  oontinuity  with  the  fifth  cephalic  aortic  arches,  whilst 
the  left  part  of  the  ventricle  retains  continuity  with  the  remaining  cephalic  aortic  arches. 

After  the  septum  of  the  aortic  bulb  is  completed,  grooves  appear  along  its  margins  oo 
the  surface  of  the  bulb  ;  the  grooves  deepen  until  they  divide  the  septum  and  consequent!; 
the  bulb  into  two  parts ;  the  part  in  connexion  with  the  right  ventricle  and  the  filtJi 
aortic  arch  becomes  the  pulmoiuu?  artery,  and  the  part  in  conneiion  with  the  l«ft 
ventricle  and  the  remaining  arches  becomes  the  ucending  aorta. 

The  separation  of  the  primitive  auricle  into  right  and  left  portions  is  indicated 
externally  by  the  appearance  of  a  groove  on  the  upper  and  posterior  wall ;  oppaut«  this 


Fio.  669.— DsvsLOpnNi'  of  tbi  Hbabt  and  rai  Uain  Akikbob, 
DitgruD  of  th>  heut,  ahowiiig  tha  foniiBtiaa  of  ita  septa,  uid  of  the  cephalic  portion  of  the  artarisl  afitiii 

groove  an  anrlcular  septum  grows  downwards  in  the  interior  of  the  auricle.  Its  lover 
border  gradually  approaches  the  endocardial  cushion  in  the  auricular  canal,  and  for  a  uan 
a  small  opening  is  left  between  the  upper  ends  of  the  fused  endocardial  cushions  and  thr 
lower  edge  of  the  septum.  This  is  the  ostinm  piimnm ;  it  is  closed  by  the  fusion  of  ihe 
septum  with  the  endocardial  cushions,  but  before  its  closure  is  completed  an  apertuR 
appears  in  the  upper  part  of  the  septum ;  this  latter  aperture,  the  oetinm  BScnndDB. 
becomes  the  foramen  ovale.  A  second  auricular  septum,  the  teptum  leeundum,  grog's 
downwards  to  the  right  of  the  first  septum ;  its  lower  margin  passes  the  foramen  in  the 
septum  primum  which  is  called  the  foramen  ovale,  but  stops  some  distance  from  the 
posterior  wall  of  the  auricle,  and  this  margin  constitutes  the  llmbns  Vletuwenii.  The  limbui 
Vieussenii  forms  the  upper  and  anterior  boundary  of  a  depression  in  the  auricular  septum 
which  is  called  the  fossa  ovalis.  The  floor  of  the  fossa  is  formed  by  the  primary  lepl"^ 
and  the  foramen  ovale  which  lies  at  the  upper  part  of  the  fossa  is  closed  after  birth  by  the 
fusion  of  the  primary  and  secondary  septa. 

The  aintu  veuosns,  which  in  the  early  stages  receives  the  vitelUne  veins  from  ihe 
yolk  sac,  the  allantoic  or  umbilical  veins  from  the  placenta,  and  the  ducts  of  Ciiriei 
which  return  the  blood  from  the  Wolffian  bodies  and  the  body  of  the  embryo,  is  sIh) 
divided  into  two  parts  by  the  fonnation  of  a  ledge-like  projection  from  its  posterior  wall 
and  the  lower  end  of  the  septum  secundum  of  the  auricle  crosses  the  ledge  between  ibe 
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two  parte  and  becomes  continuous  with  the  EuBtachiaa  T&lve  along  the  anterior  margin  of 
the  iDferior  vena  cava.  The  sinuB  venoBus  lies  at  first  below  and  behind  the  auricle,  with 
which  it  communicates  freely.  It  is  gradually  divided  into  a  )ai^  right  and  a  ematl  left 
corau,  and  ita  orifice  of  communication  with  the  auricle  is  oonatrioted,  and  ultimately 
it  ia  transformed  into  a  cleft  which  opens  tpxa  the  right  end  of  the  sinus  into  the  back  of 


sortie  «wh(QbliH'ral«i) 
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the  right  part  of  the  auricular  chamber ;  the  cleft  ia  guarded  by  two  lateral  Talve-like 
folds  of  endocardium,  the  light  and  left  Tenons  Vtina,  which  become  continuous  above 
with  a  transitory  downward  projection  from  the  roof  of  the  auricle,  known  as  the  septum 
spniinm.  The  orifice  of  communication  is  divided  into  two  parte  as  the  right  part  of  the 
cavity  is  absorbed  into  the  auricle.  The  left  part  of  the  orifice  becomes  the  opening  of 
the  coronary  amus  and  the  right  is  opened  out  as  the  right  part  of  the  sinus  is  absorbed 
into  the  auricular  cavity. 

In  the  early  stages  the  veins  of  the  two  sides  opened  into  the  corresponding  sections 
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The  ileo-cacal  glands,  four  or  five  in  number,  are  a  subsidiary  group  of  the 
mesenteric  glands,  and  are  situated  in  the  lowest  part  of  the  mesentery  near  the 
angle  between  the  ileum  and  the  ascending  colon.  They  receive  afferent  vessels 
from  the  lowest  part  of  the  ileum,  from  the  caecum,  and  from  the  vermiform 
appendix,  and  their  efferent  vessels  pass,  with  those  of  the  other  mesenteric  glands, 
into  the  pre-aortic  glands.  One  of  them,  the  appendicular  gland,  is  occasionally 
separated  from  the  rest,  and  is  placed  in  the  base  of  the  mesentery  of  the  vermi- 
form appendix.  This  gland  is  of  special  interest,  not  only  because  it  receives  the 
lymphatics  of  the  appendix,  but  also  because  in  the  female  some  of  the  lymphatics 
of  the  right  ovary  terminate  in  it. 

The  colic  glands  are  also,  for  the  main  part,  a  subsidiary  group  of  superior 
mesenteric  glands ;  they  lie  in  relation  with  the  ascending  portion  of  the  colon  and 
in  the  transverse  mesocolic  fold  of  the  peritoneum.  They  receive  the  lymphatic 
vessels  which  issue  from  the  portion  of  the  gut  in  their  immediate  neighbourhood, 
and  their  efferent  vessels  terminate  in  the  juxta-  and  pre-aortic  glands  and  in  glands 
round  the  root  of  the  superior  mesenteric  artery. 

The  inferior  mesenteric  glands  are  situated  in  the  course  of  the  inferior  mesen- 
teric artery  and  its  branches ;  they  receive  lymph  from  the  ileo-pelvic  and  descending 
colon  and  transmit  it  to  the  juxta-  and  pre-aortic  glands. 

The  rectal  glands  are  a  few  small  glands  which  lie  in  the  meso-rectum  and  the 
areolar  tissue  between  the  rectum  and  the  sacrum ;  they  are  small,  and  they  receive 
lymphatic  vessels  from  the  upper  part  of  the  rectum.  Their  efferent  vessels 
terminate  in  the  juxta-aortic  and  sacral  glands. 

The  ccBliac  glands  (lymphoglanduke  cceliacse)  surround  the  cceliac  axis,  and 
lie  in  front  of  the  abdominal  aorta  above  the  origin  of  the  superior  mesenteric 
artery,  and  are  simply  a  group  of  the  upper  pre-aortic  glands.  They  vary  in 
number,  and  are  of  large  size ;  they  receive  the  efferent  vessels  from  the  gastric, 
splenic,  pancreatic,  and  hepatic  glands,  and  their  efferent  trunks  unite  with  the 
efferents  from  the  pre-aortic  glands,  and  form  with  them  a  single  trunk,  the 
common  intestinal  lymphatic  trunk,  which  terminates  in  the  receptaculum  chylL 

(2)  The  parietcd  glands  of  the  abdomen  and  pelvis  are  as  follows : — 

The  external  iliac  glands  are  arranged  in  three  groups,  an  outer,  a  middle,  and 
an  inner,  placed  respectively  to  the  outer  side,  in  front  of,  and  to  the  inner  side  of 
the  external  iliac  artery.  The  inner  group  is  situated  in  the  cavity  of  the  pelvis 
between  the  external  iliac  vein  and  the  obturator  nerve,  but  inasmuch  as  it  is 
directly  associated  with  the  efferent  vessels  from  the  deep  crural  glands  it  must  be 
ascribed  to  the  external  iUac  group.  Each  group  forms  a  chain  consisting  of  three 
or  more  glands,  and  the  lowest-  gland  of  each  chain,  which  is  situated  immediately 
above  Poupart's  ligament,  is  known  as  a  retro-crural  gland.  The  internal  chain  of 
external  iliac  glands  receives  afferents  from  the  deep  and  superficial  inguinal  glands, 
from  the  deeper  portions  of  the  abdominal  wall  from  the  region  of  the  umbihcus 
downwards,  from  the  adductor  group  of  muscles  along  the  obturator  nerve  and 
artery,  from  the  neck  of  the  bladder,  from  the  prostate,  from  the  membranous  and 
bulbous  parts  of  the  urethra,  and  also  afferents  from  the  glans  penis  or  the  glans 
clitoris  which  have  passed  along  the  crural  canal.  Its  efferents  pass  to  either  the 
common  or  internal  iliac  glands. 

The  middle  chain  is  connected  by  anastomosing  vessels  both  with  the  internal 
and  external  chains,  and  it  also  receives  afferent  vessels  from  the  neck  of  the  uterus 
and  the  upper  part  of  the  vagina  in  the  female,  from  the  prostate  in  the  male,  and 
from  the  bladder  in  both  sexes.     Its  efferents  pass  to  the  conmion  iliac  glands. 

The  afferents  of  the  external  chain  convey  lymph  from  the  superficial  and  deep 
inguinal  glands  from  the  deeper  parts  of  the  lateral  and  anterior  portions  of  the 
abdominal  wall,  and  a  certain  amount  of  lymph  from  the  glans  penis  or  clitoris 
which  passes  along  vessels  which  traverse  the  inguinal  canal 

If  the  student  bears  in  mind  what  has  already  been  said  with  regard  to  the 
inguinal  and  external  iliac  glands,  it  will  be  obvious  to  him  that  whilst  the 
lymphatics  of  the  scrotum  and  the  skin  of  the  penis  terminate  entirely,  or  almost 
entirely,  in  the  superficial  inguinal  glands,  those  of  the  glans  pass  to  the  deep  crural 
and  the  retro-crural  glands,  and  it  is  worth  noting  that  some  of  those  which  end  in 
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the  retro-crural  glands  pass  to  their  terminations  along  the  crural  and  others  along 
the  inguinal  canal  It  is  also  a  matter  of  clinical  importance  to  remember  that  the 
lymphatics  from  the  urethra  also  end  partly  in  the  deep  inguinal  glands,  partly  in 
the  external  iliac  glands,  and  partly  in  the  internal  iliac  glands:  those  which 
terminate  in  the  latter  glands  including  some  which  carry  lymph  from  the 
prostatic,  membranous,  and  bulbar  parts  of  the  canal. 

The  efferents  of  the  external  iliac  glands  terminate  in  the  common  iliac  glands. 

The  obturator  gland  is  situated  in  the  pelvis  at  the  upper  end  of  the  obturator 
canal  below  and  behind  the  obturator  nerve.  It  is  not  constant,  but  when  it  is 
present  it  receives  lymph  from  the  deeper  parts  of  the  inner  portion  of  the  thigh, 
and  its  efferent  vessels  end  in  the  inner  chain  of  external  iliac  glands. 

The  deep  glands  of  the  anterior  wall  of  the  abdomen. — These  glands  are  irregular 
both  in  number  and  occurrence,  and  they  are  small  in  size.  When  they  are 
present  they  lie  along  the  deep  circumflex  iliac  and  the  deep  epigastric  arteries, 
and  are  known  as  the  circumflex  iliac  and  epigastric  glands,  in  addition,  however, 
there  are,  at  least  in  the  child,  one  or  two  small  glands  lying  in  relation  with  the 
posterior  surface  of  the  sheath  of  the  rectus  abdominis  above  the  umbilicus,  the 
supra-umbilical  glands,  and  there  is  frequently  a  single  infra-umbilical  gland 
situated  to  one  or  the  other  side  of  the  middle  line  below  the  umbilicus.  The 
circumfiex  iliac  and  epigastric  glands  receive  afferents  from  the  adjacent  parts  of 
the  abdominal  walls,  and  their  efferents  end  in  the  external  iliac  glands.  The 
supra-  and  infra-umbilical  glands  are  connected  with  the  rich  lymphatic  plexuses 
of  the  umbilical  region.  It  is  probable  that  the  supra-umbilical  glands  are  also 
associated  with  the  lymphatics  of  the  anterior  part  of  the  upper  surface  of  the 
liver ;  and  the  infra-umbilical  gland  with  the  lymphatics  of  the  upper  and 
anterior  part  of  the  bladder.  At  all  events  it  seems  certain  that  the  lymphatics 
of  the  bladder  are  connected  with  those  of  the  umbilical  plexuses,  and  it  is  almost 
certain  that  in  some  cases  at  least  they  are  either  directly  or  indirectly  associated 
with  the  infra-umbilical  gland. 

The  internal  iliac  glands  are  not  in  all  cases  to  be  clearly  defined  from  the  inner 
set  of  external  iliac  glands,  but  if  it  be  accepted  that  all  glands  on  the  side  wall  of 
the  pelvis  above  and  in  front  of  the  obturator  nerve  be  looked  upon  as  external 
iliac  glands, — and  this  is  a  reasonable  view  inasmuch  as  they  are  in  direct  associa- 
tion with  the  deep  crural  glands, — then  all  other  glands  which  lie  in  relation  with 
the  side  wall  of  the  pelvis  may  be  considered  as  internal  iliac  glands.  As  a  general 
rule  it  may  be  said  that  the  larger  glands  of  the  internal  iliac  group  are  situated 
in  the  regions  of  the  origins  of  the  branches  of  the  internal  iUac  artery,  extending 
in  an  irregular  row  from  the  root  of  the  obliterated  hypogastric  artery  in  front  to 
the  origin  of  the  gluteal  artery  behind.  They  receive  afferents  from  the  upper 
part  of  the  anal  passage,  and  from  the  lower  part  of  the  rectum ;  from  the  middle 
part  of  the  vagina  and  the  lower  part  of  the  uterus ;  some  lymphatics  from  the 
lower  and  posterior  part  of  the  bladder;  from  the  prostate,  the  prostatic  and 
membranous  parts  of  the  urethra ;  and  from  the  deeper  parts  of  the  back  of  the 
thigh  and  the  buttock  which  are  supplied  by  the  sciatic  and  gluteal  arteries.  The 
efferent  vessels  pass  to  the  posterior  group  of  the  common  iliac  glands. 

The  lateral  sacral  glands  may  be  considered  as  associates  of  the  internal  iliac 
group  of  glanda  They  lie  along  the  front  of  the  sacrum  to  the  inner  sides  of  the 
anterior  sacral  foramina.  They  receive  afferents  from  the  adjacent  bones  and 
ligaments  and  from  the  neck  of  the  uterus,  the  lower  part  of  the  vagina,  and  in 
the  male  from  the  prostate ;  their  efferents  end  either  in  the  internal  or  in  the 
common  iliac  glands. 

The  cominon  iliac  glands  lie  along  the  common  iliac  artery,  some  to  its  outer 
side,  some  posterior  to  it,  and  some  to  its  inner  side.  The  latter  are  naturally 
close  to  their  fellows  of  the  opposite  side,  and  the  two  groups  of  opposite  sides  are 
sometimes  spoken  of  collectively  as  the  glands  of  the  promontory.  The  number  of 
glands  in  each  set  varies  from  two  to  four.  The  external  and  posterior  glands 
receive  as  afferents  the  efferents  from  the  external  and  internal  iliac  glands,  and 
possibly  a  few  lymphatics  from  the  adjacent  muscles  and  bonea  The  internal 
group  receives  afferents  from  the  base  of  the  bladder  in  both  sexes,  from  the  upper 
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and  posterior  part  of  the  prostate  in  the  male,  and  from  the  neck  of  the  uterus 
and  the  lower  part  of  the  vaij;ina  in  the  female.  The  efferents  of  the  common  iliac 
glands  terminate  in  the  lateral  aortic  glands. 

The  lumbar  glands  are  of  small  size,  and  they  are  very  irregular  in  occurrence 
and  in  number.  When  they  are  present  they  lie  close  to  the  transverse  processes 
of  the  lumbar  vertebne  behind  the  psoas  muscle,  and  correspond,  therefore,  in 
position  with  the  posterior  intercostal  glands  of  the  thorax.  They  receive  afferent 
vessels  which  accompany  the  lumbar  arteries  from  the  deeper  parts  of  the 
abdominal  walls.  Their  efferent  vessels  end  either  in  the  lateral  aortic  glands,  or 
they  unite  with  the  efferents  of  those  glands  to  form  the  lateral  aortic  efl'erents,  or 
common  lumbar  trunks. 

The  aortic  glands  are  situated  in  front  of,  at  the  sides  of,  and  behind  the 
abdominal  part  of  the  aorta,  and  are  therefore  known  as  the  pre-aortic,  the  lateral 
aortic,  and  the  retro-aortic  glands.  The  lateral  aortic  glands  have  usually  been 
known  as  the  mesial  lumbar  glands,  but  during  the  last  few  years  it  has  lieen 
becoming  more  customary  to  speak  of  them  as  lateral  aortic  on  account  of  their 
close  association  with  that  great  blood-vessel. 

The  pre-aortic  glands  lie  along  the  anterior  aspect  of  the  abdominal  aorta, 
either  forming  a  continuous  chain  or  arranged  in  three  groups  which  are 
situated  respectively  in  the  regions  of  the  origins  of  the  inferior  and  superior 
mesenteric  arteries  and  round  the  root  of  the  cceliac  axis,  and  the  latter  group 
constitutes  so  distinct  an  entity  that  it  is  most  commonly  spoken  of  as  the 
coeliac  group.  The  afferent  vessels  of  the  pre-aortic  glands  are  derived  from 
the  superior  mesenteric,  the  inferior  mesenteric,  and  the  colic  glands.  The 
coeliac  group  also  receives  afilerents  from  the  hepatic,  the  sub-pyloric,  the  retro- 
pyloric,  and  the  coronary,  and  the  pancreatic  and  splenic  glands.  Numerous 
communications  pass  between  the  pre-  and  the  lateral  aortic  glands,  but  speaking 
broadly  it  may  be  said  that  the  pre-aortic  glands  receive  the  greater  part  of  the 
lymph  from  the  abdominal  portion  of  the  alimentary  canal  and  from  the  associated 
glands.  The  afferent  vessels  from  the  lower  glands  of  the  group  either  terminate 
in  the  coeliac  glands  or  join  with  their  efferents  to  a  large  common  intestinal 
lymphatic  trunk  which  is  one  of  the  six  tributaries  of  the  receptaculum  chyli. 

The  lateral  aortic  glands  lie  at  the  sides  of  the  abdominal  aorta,  those  of 
the  right  side  being  situated  both  in  front  of  and  behind  the  inferior  vena  cava. 
They  receive  afferents  from  the  lumbar  glands,  or  if  the  latter  are  absent,  vessels 
which  pass  directly  from  the  abdominal  parietes  along  the  lumbar  arteries.  They 
also  receive  the  lymphatics  of  the  kidneys,  the  testicles  or  ovaries,  the  suprarenal 
bodies,  and  from  the  upper  part  of  the  uterus.  In  addition  they  receive  tli*' 
efferents  of  the  common  iliac  glands.  They  are  connected  by  anastomoses  with 
the  pre-  and  retro-aortic  glands,  and  their  efferents  unite  on  each  side  into  a 
common  lumbar  or  lateral  aortic  trunk  which  joins  the  receptaculum  chyli. 

The  retro-aortic  glands  lie  behind  the  aorta,  in  front  of  the  third  and  fourth 
lumbar  vertebrae.  They  receive  a  few  lymphatics  from  the  adjacent  muscles,  boncj^ 
and  ligaments,  and  numerous  efferents  horn  the  lateral  and  pre-aortic  glands 
Their  efferents  unite  to  form  a  vessel  of  fair  size  which  ends  in  the  receptaculum 
chyli. 

It  follows  from  what  has  been  already  said  that  the  lymph  from  the  pelvis  and 
the  lower  extremities,  and  that  from  the  pelvic  viscera,  passes  to  the  receptaculum 
through  the  common  iliac  and  the  lateral  aortic  glands,  but  on  account  of  the 
vessels  which  unite  the  lateral  aortic  with  the  pre-  and  retro-aortic  glands  it  is 
obviously  possible  that  infective  material  passing  either  from  the  lower  extremities 
or  from  the  pelvic  viscera  which  is  not  intercepted  by  the  lateral  glands  may  pi-^ 
through  them  and  set  up  new  foci  of  disease  either  in  the  pre-  or  retro-aortie 
glands,  and  although  the  lateral  aortic  glands  are  the  natural  terminations  of  the 
lymphatic  vessels  from  the  kidneys,  testicles,  ovaries,  and  suprarenal  bodies,  never- 
theless infective  material  from  any  of  those  organs  may  pass  through  the  lateral 
into  the  pre-  or  retro-aortic  glands. 

The  deep  lymphatic  vessels  of  the  abdomen  and  pelvis  have  been  mentioned  j^» 
frequently  in  association  with  the  gland  groups  in  which  they  terminate  that  no 
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further  account  of  the  vessels  themselves  is  required ;  all  necessary  information 
regarding  them  will  be  found  in  the  accounts  of  the  glands  of  which  they  are  the 
afferents.  It  is,  however,  important  to  bear  in  mind  that  there  is  a  very  rich 
lymphatic  network  in  the  region  of  the  umbilicus.  The  superficial  lymphatics  of 
this  region  terminate  in  the  inguinal  or  pubic  glands,  but  the  deeper  communicate 
with  the  lumbar  and  external  iliac  glands,  and  are  associated  by  anastomoses  with 
the  lymphatics  of  the  upper  part  of  the  bladder  and  the  upper  and  anterior  part  of 
the  surface  of  the  liver.  They  are  also  connected  with  the  supra-  and  infra- 
umbilical  glands,  to  which  reference  has  already  been  made  (p.  921). 


THE  LYMPHATIC  GLANDS  AND  LYMPHATIC  VESSELS  OF  THE  THORAX. 

Most  of  the  saperficial  lymphatic  vessels  of  the  thoracic  wall  are  tributaries 
of  the  axillary  glands,  and  they  have  already  been  described,  but  those  of  the 
mamma  are  so  important  from  a  clinical  point  of  view  that  a  more  detailed 
description  of  their  general  arrangement  is  necessary. 

The  Isrmphatics  of  the  mamma  are  naturally  subdivided  into  cutaneous  and 
glandular.  The  cutaneous  lymphatics  arise  in  the  skin  over  the  gland,  and 
are  separable  into  peripheral  and  central  groups.  The  peripheral  cutaneous  vessels, 
like  the  remainder  of  the  cutaneous  vessels  of  the  thoracic  wall,  pass  to  the  axillary 
glands  without  joining  the  subareolar  plexus  which  lies  immediately  subjacent  to 
the  nipple  and  the  surrounding  areola.  The  central  cutaneous  lymphatics  converge 
to  an  areolar  and  a  mammillary  plexus  from  which  efferent  vessels  pass  to  terminate 
in  a  deeper  or  subareolar  plexus  which  receives  also  the  majority  of  the  glandular 
lymphatics. 

The  glandular  lymphatics  commence  in  the  perilobular  connective  tissue.  The 
majority  follow  the  ducts  of  the  gland  and  end  in  the  subareolar  plexus.  The 
efferent  vessels  of  the  subareolar  plexus  terminate  in  the  anterior  axillary  glands. 
In  addition,  however,  to  this  main  stream  of  lymph,  there  are  three  other  channels 
by  which  lymph  can  pass  from  the  perilobular  lymphatics  of  the  gland.  One  of 
these  channels  runs  from  the  outer  part  of  the  gland  directly  to  the  anterior 
axillary  glands  without  traversing  the  subareolar  plexus.  Another  accompanies 
the  pectoral  branch  of  the  acromio- thoracic  artery,  emerges  from  the  posterior 
surface  of  the  gland,  pierces  the  pectoralis  major,  and  ascends  to  the  subclavian 
glanda  The  third  set  of  accessory  lymphatics  ptwses  from  the  inner  part  of  the 
gland  along  the  branches  of  the  internal  mammary  artery  which  are  distributed  to 
the  mamma.  These  vessels  pierce  the  great  pectoral  and  end  in  the  internal 
mammary  glands. 

Deep  Lymphatics  of  the  ThorajL. — The  glands  associated  with  the  deep 
lymph  vessels  of  the  thorax  may  be  divided  into  the  parietal,  and  the  visceral  or 
mediastinal 

1.  Parietal  glands  include  the  following : — 

The  intercostal  glands  (lymphoglandulsB  intercostales),  which  lie  in  the  posterior 
parts  of  the  intercostal  spaces  near  the  heads  of  the  ribs,  or  a  little  farther 
out,  between  the  intercostal  muscles.  They  receive  the  lymphatic  vessels  from 
the  deep  parts  of  the  posterior  portions  of  the  thoracic  walls,  including 
the  parietal  pleura,  and  their  efferent  vessels  are  divided  into  ascending  and 
descending  trunks.  The  efferent  vessels  from  the  intercostal  glands  of  the 
upper  five  or  six  spaces  on  the  left  side  pour  their  lymph  into  the  thoracic 
duct,  terminating  separately  in  the  larger  vessel  or  uniting  first  to  form  a 
common  trunk.  The  efferents  from  the  upper  intercostal  glands  on  the  right 
side  may  end  either  in  the  thoracic  duct  or  they  may  join  the  right  broncho- 
mediastinal trunk.  The  elTerent  vessels  from  the  intercostal  glands  of  the  lower 
four  or  five  spaces  unite  to  form  a  common  trunk  on  each  side,  which  descends 
through  the  aortic  opening  of  the  diaphragm  and  terminates  in  the  receptaculum 
chyli.  Some  of  them  also  communicate  with  the  thoracic  duct.  In  addition  to 
the  posterior  intercostal  glands,  smaller  lateral  intercostal  glands  are  sometimes 
interposed  in  the  courses  of  the  deep  vessels  of  the  thoracic  wall.     They  have, 
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however,  but  litble  practical  importance.     When  they  are  preaent  they  lie  near  the 
origins  of  the  latercd  branches  of  the  intercostal  arteries. 

The  internal  mammary  or  sternal  glands  (lymphoglandulse  sternales),  which  lie 
along  the  side  of  the  internal  mammary  artery,  one  or  two,  as  a  rule,  being  placed 
opposite  the  anterior  end  of  each  intercostal  space.  Their  afferents  are  derived  from 
the  deeper  parts  of  the  anterior  portion  of  the  thoracic  wall,  from  the  deep  part  of  the 
front  of  the  abdominal  wall  by  vessels  which  ascend  along  the  superior  epigastric 
artery,  from  the  inner  portion  of  the  mammary  gland,  and  from  the  anterior  part 
of  the  diaphragm  and  the  anterior  diaphragmatic  glands.  Some  of  their  efforents 
pass  to  the  anterior  mediastinal  glands,  but  the  majority  ascend  to  the  root  of  the 
neck,  where  they  termingjie  either  directly  in  the  corresponding  innominate  vein, 
or,  according  to  the  side  on  which  they  lie,  they  end  in  the  thoracic  duct,  or  the 
right  lymphatic  duct  if  it  is  present. 

The  diaphragmatic  glands  are  arranged  in  three  groups — the  anterior,  middle, 
and  posterior. 

The  anterior  group  lies  behind  the  ensiform  process  and  the  anterior  ends  of 
the  seventh  costal  cartilages.  It  receives  lymph  from  the  anterior  part  of  the 
diaphragm,  and  from  the  anterior  part  of  the  upper  surface  of  the  liver.  Its 
efferents  pass  to  the  internal  mammary  glands. 

The  middle  group  consists  of  two  lateral  portions  which  lie  at  the  sides  of  the 
pericardium  near  the  phrenic  nerves.  On  the  right  side  these  glands  are  closely 
associated  with  the  upper  part  of  the  inferior  vena  cava,  and  some  of  them  lie  on 
the  anterior  wall  of  that  vessel  internal  to  the  fibrous  sac  of  the  pericardium.  The 
a£ferents  of  the  middle  diaphragmatic  glands  are  derived  from  the  middle  part  of 
the  diaphragm  and  from  the  upper  surface  of  the  liver.  Their  efferents  join  the 
posterior  mediastinal  glands. 

The  posterior  group  has  very  little  importance,  and  practically  constitutes  a 
lower  section  of  the  posterior  mediastinal  glands.  It  lies  between  the  pillars  of 
the  diaphragm  and  the  posterior  waU  of  the  thorax,  and  receives  lymph  from  the 
immediately  adjacent  parts.  Its  efferents  end  in  the  higher  posterior  mediastinal 
glands. 

2.  Visceral  Thoracic  Glands. — Of  these  there  are : — 

The  anterior  mediastinal  glands  (lymphoglandulae  mediastinales  anteriores)  are 
embedded  in  the  loose  tissue  of  the  anterior  mediastinal  region.  They  receive 
afferents  from  the  middle  part  of  the  upper  portion  of  the  liver  which  ascend 
through  the  falciform  ligament,  from  the  anterior  part  of  the  diaphragm,  and 
from  the  lower  sternal  glands.  Their  efferents  pass  upwards  to  the  superior 
mediastinum,  where  some  of  them  enter  the  superior  mediastinal  glands,  whilst 
others,  continuing  upwards,  terminate  on  the  right  side  in  the  right  lymphatic 
duct,  and  on  the  left  side  in  the  thoracic  duct. 

The  superior  mediastinal  glands  (lymphoglandulse  mediastinales  superiores)  are 
grouped  round  the  innominate  veins,  along  the  upper  part  of  the  aortic  arch,  and 
in  front  of  the  thoracic  portion  of  the  trachea.  They  receive  afferents  from 
the  heart,  the  pericardium,  the  thymus,  and  the  anterior  mediastinal  glands. 
Their  efferents  terminate  at  the  root  of  the  neck  in  the  right  lymphatic  and 
thoracic  ducts. 

The  middle  mediastinal  glands  are  situated  round  the  primary  bronchi  and  the 
lower  end  of  the  trachea,  and  they  are  separable  into  the  following  groups : — 

The  bronchial  glands,  which  lie  principally  on  the  anterior  aspects  of  the 
primary  bronchi  and  along  their  upper  borders.  They  receive  lymph  from  the 
lungs  which  has  previously  passed  through  a  series  of  inter-bronchial  or  pulmonary 
glands,  which  lie  in  the  angles  of  division  of  the  bronchi  in  the  hilum  and  in  the 
substance  of  the  lungs.  Their  efferents  unite  with  the  efterents  of  the  superior 
mediastinal  and  internal  mammary  glands  to  form  a  common  broncho-mediastinal 
trunk  on  each  side.  This  vessel  when  it  is  present  ends  on  the  left  in  the  thoracic 
•duct  or  the  innominate  vein,  and  on  the  right  in  the  right  lymphatic  duct  or  in 
one  of  the  large  veins  at  the  root  of  the  neck. 

The  inter-tracheO'bronchial  glands,  which  lie  between  the  primary  bronchi  and 
ibeneath  the  end  of  the  trachea.     They  receive  afferents  from  the  heart  and  from 
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the  lower  part  of  the  trachea,  and  communicating  vessels  connect  them  with  the 
bronchial  glands.  Their  efferents  either  join  the  broncho-mediastinal  trunk  if  it 
is  present,  or  the  thoracic  or  right  lymphatic  duct,  or  they  end  directly  in  one  of 
the  great  veins  at  the  root  of  the  neck. 

The  posterior  mediastinal  glands  (lymphoglandulse  mediastinals  posteriores) 
lie  along  the  aorta  and  the  oesophagus  in  the  posterior  mediastinum.  They 
receive  afferents  from  the  posterior  part  of  the  pericardium,  the  posterior  part 
of  the  diaphragm,  and  from  the  oesophagus.  Their  efferent  vessels  pass  mainly  to 
the  thoracic  duct,  but  some  of  the  upper  ones  on  the  right  side  end  in  the  right 
lymphatic  duct,  and  a  few  join  the  bronchial  glands. 

The  deep  Ijanphatic  vessels  of  the  thorax  have  been  included  in  the  description 
of  the  tributaries  of  the  deep  glands.  As  in  the  abdomen  and  pelvis,  the  main 
deep  lymphatic  vessels  accompany  the  blood-vessels  of  the  region. 
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The  Pericardium,  the  Primitive  AoRTiE,  and  the  Heart. 

A  general  account  of  the  development  of  the  primitive  vascular  system  and  of  the 
establishment  of  the  footal  circulation  has  been  given  in  a  previous  chapter  (see  p.  60 
et  seq,),  and  it  is  there  pointed  out  that  the  earliest  blood-vessels  of  the  developing  ovum 
appear  in  the  vascular  area  of  the  yolk  sac,  i.e.  outside  the  body  of  the  embryo  altogether. 
Almost  simultaneously,  however,  two  longitudinal  vessels  appear  in  the  embryo  itself. 
They  are  formed  in  the  splanchnic  mesoderm  of  the  pericardial  area,  and  are  easily 
distinguishable  before  that  area  is  carried  downwards  to  form  the  ventral  wall  of  the 
foregut  during  the  evolution  of  the  headfold. 

The  two  longitudinal  vessels  are  the  rudiments  of  the  primitive  heart  and  of  the 
principal  blood-vessels.  The  changes  which  take  place  in  them,  and  which  result  in  the 
formation  of  the  fully  developed  heart  and  vessels,  will  be  more  easily  understood  after  the 
development  of  the  pericardial  sac,  together  with  the  alterations  it  undergoes  both  as 
regards  position  and  relations,  have  been  carefully  studied. 

Development  of  the  Pericardium  and  the  Primitive  Aortae.— The  pericardial 

area  is  recognisable  as  soon  as  the  mesoderm  has  extended  over  the  embryonic  area  of  the 
developing  ovum.  It  is  somewhat  semilunar  in  shape,  it  lies  at  the  extreme  anterior  end 
of  the  embryonic  region,  and  it  limits  the  bucco-pharyngeal  area  or  membrane  in  front  and 
at  the  sides  (Figs.  17  and  18).  The  mesoderm  of  the  pericardial  area  is  continuous  laterally 
with  the  general  mesoderm  of  the  embryonic  area,  but  in  those  mammals  in  which  a 
pro-amnion  is  formed  it  is  separated  in  front  from  the  extra-embryonic  mesoderm  by  the 
pro-amniotic  area,  whilst  iu  other  mammals  also  it  remains  quite  separate  from  the  extra- 
embryonic mesoderm  in  front  though  it  is  more  closely  related  to  it. 

With  the  formation  of  the  c(£lom  the  mesoderm  of  the  pericardial  area  is  separated 
into  an  upper  or  somatic  and  a  lower  or  splanchnic  layer,  and  it  is  in  the  latter  that 
the  two  small  tubes  which  constitute  the  first  blood-vessels  of  the  body  of  the  embryo 
appear.  The  two  tubes,  or  primitive  aortas,  which  run  longitudinally  and  parallel  to 
one  another,  apparently  end  at  first  blindly  both  in  front  and  behind,  but  as  development 
proceeds  they  extend  backwards,  one  on  each  side  of  the  bucco-pharyngeal  membrane, 
and  beneath  the  mesodermal  somites,  to  the  caudal  region,  behind  which  they  pass  on  to 
the  walls  of  the  yolk  sac  to  join  the  blood-vessels  of  the  vascular  area ;  before  ending 
they  give  off  branches  to  the  allantois.  In  the  human  embryo  the  yolk  sac  is  relatively 
small  and  unimportant,  and  accordingly  the  branches  which  go  to  the  allantois,  or  rather 
to  the  chorion  along  the  bo^y  stalk,  appear  to  form  the  more^direct  posterior  continuations 
of  the  primitive  vessels.  The  anterior  end  of  each  primitive  trunk  passes  forwards  to  the 
anterior  margin  of  the  pericardial  area,  and  is  continued  on  to  the  yolk  sac,  where  it  also 
joins  the  vessels  of  the  vascular  area. 

During  the  formation  and  evolution  of  the  headfold  the  pericardial  area  increases  in 
size,  its  cavity  enlarges,  and  both  it  and  the  bucco-pharyngeal  area  are  reversed  in  position 
(Figs.  27  and  49).  Both  these  areas  are  carried  forwards  somewhat  with  the  headfold,  in 
which  it  is  to  be  remembered  the  primitive  foregut  is  included,  but  when  the  headfold  is 
completely  formed  the  pericardial  area  lies  ventral  to  the  foregut,  and  its  primitive  upper 
somatic  surface  is  now  its  lower  or  anterior  surface ;  the  original  lower  or  splanchnic  surface 
is  superior  or  dorsal,  whilst  what  was,  at  first,  the  anterior  border  of  the  pericardial 
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area  ie  converted  into  the  posterior  end  of  the  reversed  area,  and  it  forma  the  anterior 
limit  of  the  umbilical  orifice.  In  brief,  the  relative  positions  of  ita  several  patt^  are 
reversed,  and  at  this  period  the  pericardial  cavity  which,  like  the  area,  is  Bcrailiinar  in 
shape,  eiteods  from  side  to  side  beneath  the  foregut,  and  its  comua  are  continuous  at  the 
aides  of  the  foregut  with  the  general  body  cavity  of  the  embryo.  Subsequently  this  con- 
tinuity is  obliterated,  and  the  pericardial  cavity  is  separated  from  the  pleiiro-peritoncal 
part  of  the  general  body  cavity  or  ccnlona. 

The  mesoderm  at  the  posterior  end  of  the  reversed  pericardial  region,  where  the 
somatic  and  splanchnic  layers  are  coutinuoua,  i.e.  just  in  front  of  the  umbilicus,  increMe* 
in  thickness  and  forms  a  semilunar  mass,  the  ssptum  transrarstuo,  in  which  the  liver  aod 
the  ventral  part  of  the  diaphragm  are  formed.  The  latter  extends  mesially  from  the 
anterior  wall  of  the  body  to  the  foregut,  immediately  in  front  of  the  gastric  dilatation,  whilst 
laterally  it  forms  two  falciform  projections  which  encroach  from  without  upon  the  porticos 
of  the  ccelom  which  lie  at  the  aides  of  the  foregut  Ultimately  the  lateral  portions  of  the 
diaphragm  pass  inwards,  and,  fusing  with  the  mesentery  of  the  foregut,  they  sepurate  the 
pleuro-peritoneal  portion  of  the  ccelom  into  three  parts — two  anterior,  one  on  each  aide  of 
the  foregut,  thepleunU  laet,  and  a  posterior,  the  peritoneal  cavity. 

When  the  pericardial  region  ia  completely  reversed  the  two  vessels  developed  in 

its  splanchnic  layer  lie  side  by  side  in  what  is 

lie  Mrtic  areh    now  its  dorsal  wall.      Posteriorly  they  are  coo- 

[iritnitivs  tinued  through  the  septum  transversum  to  the 

""  wall  of  the  yolk  sac.     Anteriorly  they  ate  con- 

dgrait  aorta     tinued,  as  the  first  cephalic  aortic  arches,  through 

the  mandibular  arches  which  have  developed  at 

lain  the  sides  of  the  bucco-pharyngeal  membrane,  to 

the  dorsal  wall  of   the  gut,   where  they  pas 

vein  backwards    beneath    the  paraxial  mesoderm  lo 

the  posterior  end  of  the  body,  whence  they  ut 

continued,  in  the  human  subject,  along  the  bodr 

to  folk  BC      stalk  to  the  placental  portion  of  the  chorion, 

giving   off  branches  to   the  walls   of  the  »li- 

mentary  canal  and  yolk  sac. 

These  two  primitive  embryonic  vessels  arc  the 

'"*^  primitiTe  aorte.      After  the  formation  of  the 

primitWe        cephalic  and  caudal  folds,  each  primitive  son* 

•iicuiwth       ™*y  ^  looked  upon  as  consisting  of  three  parU 

^^  united  by  two  arches  : — an  anterior  ventral  p»rt, 

the  anterior  ventral  aorta,  situated  partly  in  tk 

septum  transversum  and  partly  in  the  dorsal  wall 

of  the  pericardium  and  the  root  of  the  ncct ;  t 

Fio.  665.-DiAQHA,ii  oi-  THE  PaiMrnvB  Vas-  <Jora»'  I^^,  the  primitiTB  dorsal  aorta,  whicb 

CDLAR  Ststsk  bepobs   IBB  PoHHATioN  ot  citends   beneath  the   paraxial    mesoderm  fron 

THB  HiART.  the  dorsal  end  ot  the  mandibular  arch  to  ih* 

tail  fold  ;  a  posterior  ventral  part,  the  poiteiicii 

ventral  aorta,  which  passes  to  the  yolk  sac ;  the  anterior  part  of  the  posterior  ventnl 

aorta  soon  atrophies,  and  the  remainder  of  the  vetisel  is  then  prolonged  from  the  posterior 

part  of  the  ventral  wall  of  the  body  to  the  placenta  by  a  new  braiich.     The  two  arrhra 

which  unite  the  three  main  portions  of  each  primitive  aorta  together  are  an  anterior,  the 

flret  cephalic  aortic  arcb,  which  lies  in  the  mandibular  arch  and  passes  from  the  ant^^rior 

ventral  aorta  to  the  anterior  end  of  the  primitive  dorsal  aorta,  and  a  posterior,  the  jniaiiiT 

caudal  aortic  arcb,  which  passes  in  the  tail   fold  and  at  the  side  of  the  hind  gut,  from 

the  primitive  dorsal  aorta  to  the  posterior  portion  of  the  primitive  ventral  aorta. 

As  development  proceeds  a  series  of  transformations  occurs  in  the  various  sections  of 
the  primitive  aortte.  These  transformations  are,  with  few  exceptions,  alike  on  the  two  sidw. 
but  the  transformations  which  occur  in  one  section  are  entirely  different  from  those  met 
with  in  the  other  sections  ;  therefore  each  part  must,  to  a  certain  extent,  be  considered 
separately. 

Each  anterior  ventral  aorta  is  divisible  into  three  parts.  The  posterior  part  lies  in  the 
septum  transversum.  Posteriorly  it  forms  the  terminal  portion  of  the  vitelline  TsiSf  "nd 
carries  the  blood  from  the  wall  of  the  yolk  sac.  For  a  long  time  each  vitelline  vein  reniaina 
separate  from  its  fellow  of  the  opposite  side,  but  afterwards  the  two  veins  unite  In  form  » 
common  stem,  which  terminates  at  first  in  the  posterior  part  of  the  heail,  and  aubeequeotlT 
in  the  liver.     The  anterior  section  of  the  posterior  part  of  the  anterior  ventral  sorts 
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rapidly  enlai^es  and  unites  with  its  fellow  of  the  opposite  side  to  form  the  buliu  t 
or  posterior  cbaoiber  of  the  primi- 
tive heart ;  after  a  time  this  grows     c«pii»ii 
forwards  out  of  the  septuin  into  the 
pericardium,  and  is  absorbed  into    Antectoi 
the  auricular  portion  of  the  heart. 

The  middle  part  of  the  anterior  p^^m^ 
Tentral  aorta  lies  in  the  dorsal  wall 
of   the    pericardium   aud    projects    Vsrtebu 
forwards  into  its  cavity.     It   lies  subcUrii 
close  to  its  fellow  of  the  opposite  priiniu« 
side,  aud  oa  the  two  veaecla  rapidly 
enlarge  their  inner  walls  approach     i*"^* 
each  other,   and,   fusing  together,       c«nif 
form  a  single  median  vessel  which 
constitutes  the  primitive  heart  (the 
sinus  venosus  being  excepted)  in- 
cluding the  bnlbns  arterioBus,  the 
latter  being  afterwards  developed 
into  the  roots  of  the  pulmonary  ,,|[i.™u 
aud  aortic  vessels. 

The  anterior  portion  of  the  an- 
terior ventral  aorta  is  embedded  in 
the  tissues  at  the  upper  or  anterior 
part  of  the  pericardium,  that  is,  at 
the  root  of  the  neck.  At  first  it  is 
connected  with  the  primitive  dorsal 
aorta  by  a  single  cephalic  aortic  ^"''"" 
arcb,  but  afterwards  three,  and 
eventually  four,  additional  arches  ^^^^ 
connect  it  with  the  anterior  part 
of  the  primitive  dorsal  aorta.  As 
the  neck  lengthens  this  part  of  the  pia. 

anterior  ventral  aorta  is  elongated. 
For  the  greater  part  of  its  extent 
it  reomins  separate  from  its  fellow  of  the  opposite  side,  and  it  takes  part  in  the  formation 

PrUnuT  Tth  pulr  of  Foat  cnsUt 


Fio.  667.— DuoRAii  or  TH« 


of  the  great  vessels  of  the  head  and  neek.     Posteriorly,  however,  it  unites  with  its  fellow 
of  the  opposite  side  to  form  the  apei  of  the  bulbus  arteriosus.     After  the  completion  of 
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the  cephalic  aortic  arches  the  portions  of  the  anterior  ventral  aorta  which  lie  betweeu 
their  lower  eitretnitiea  are  known  aa  the  vantral  roots  o(  the  cephalic  aortic  arches. 

The  primitive  dontal  aorta  may  be  convenientlj  divided  into  two  parts.  The  anterior 
part  extends  from  the  dorsal  end  of  the  first  cephalic  aortic  ai'ch  to  the  root  of  the  fore- 
limb.  It  remains  separate  from  its  fellow  of  the  opposite  side,  and  forms  the  donid  Toote 
of  the  cephalic  aortic  arcbee  of  its  own  side.  It  takes  part  in  the  formation  of  the  great 
vessels  of  the  head  and  neck  and,  on  the  left  side,  of  part  of  the  aorta  of  the  adult 

The  remaining  portion  extends  from  the  root  of  the  fore-limb  to  the  pelvic  region ;  it 
passes  inwards,  and  unites  with  its  fellow  of 
the  opposite  side  beneath  the  vertebral  column 
to  form  the  greater  part  of  the  permanent 
systemic  aorta. 

The  primary  caudal  arch  coanecte  the 
primitive  dorsal  with  the  posterior  ventml 
aorta.  As  it  passes  veatmlly  it  lies  on  the 
inner  side  of  the  Wolffian  duct  After  a  time 
it  is  replaced  by  a  Becondaxy  candal  axch 
which  lies  at  the  outer  side  of  the  Wolffian 
duct,  and  this  subsequently  becomes  the 
common  and  internal  iliac  arteries  and  the 
root  of  the  hypogastric  artery,  the  eilenud 
iliac  being  merely  an  oflset  from  it  to  the 
hind-limb. 

The  greater  part  of  the  primitive  posterior 
ventral  aorta  disappears  early,  and  itssecondaiy 
continuation  to  the  placenta  becomes  the 
remainder  of  the  hypogastric  artery,  which 
passes  from  the  internal  iliac  artery,  by  the 
ude  of  the  bladder  and  along  the  ventral  wall 
of  the  abdomen,  to  the  umbilicus,  whence  it 
is  continued  along  the  umbilical  cord  to  the 
placenta. 

Having  considered  thus  briefly  the  main 
~AB  parts  of  the  primitive  aortic  vessels,  Hud 
having  noted,  shortly,  the  fate  of  each  portion 
in  the  subsequent  phases  of  development,  «e 
may  now  turn  to  a  more  detailed  consideration 
of  the  metamorphoses  which  occur  in  those 
ptarta  of  primitive  vessels,  viz.  the  anteriiir 
— vv.  ventral  aortte,  the  cephalic  aortic  arches,  «nd 
the  anterior  parts  of  the  primitive  dorsal  aortx, 
where  most  striking  and  most  complicated  trau^ 
formations  result  in  the  formation  of  the 
heart,  the  aorta  in  part,  the  pulmonaiy  arCerv 
and  its  primary  branches,  the  chief  arterial 
trunks  of  the  head  and  neck,  and  the  tint 
part  of  the  main  artery  of  the  right  upper 
extremity. 


Fio.  688.— DEVBLOPMrnm  oi-  tub  Hsahi. 
Diagram  ahovting  the  changes  of  farm  anil  eiternal 
■ppeiriDccSBt  lUdnrfiit  Btageit.     Ucxliflvd  [rom 
Hih'b  tiiodels.      lll.B  and  IV.B  are  aide  views  ; 
tbe  other  figures  represpiit  th?  heart  as  seen 

A,  Auricle  ;  A.B,  Aortic hu lb  ;  A.C.  Aurirular  caniil ; 
A.P,  Auriciilttr  appenili). ;  L.V,  Left  I'entricle  ; 


Development  op  thb  Heabt,  of  thk 
first  paht  op  the  aorta,  and  of 
THK  Pulmonary  Artery. 

Of  the  thr«e  parts  into  which  each  anterior 
ventral  aorta  is  divisible  the  middle  is  situated 
the  splanehnic  mesoderm  of  the  dorsal  wall 


0.a!c,  Opening 'of  auricular  canal;  P.V.A,  of  the  pericardium.  As  development  proceeds 
Primitive  veniral  aorta  ;  B.V  RiKlit  v™tn«l«  ;  ^^^^  middle  parts  of  both  anterior  ventral  aorl* 
Viwlli^n^inr"""  ■  enlarge  and  project  into  the  cavity  of  the  peri- 

cardium, whilst  at  the  same  time  they  pnw 
inwanJs,  their  inner  walls  come  in  contact,  fuse  together,  and  disappear,  and  so  a  simple 
single  median  tube  is  formed.     This  is  the  primitive  heart,  which  is  completed  m  fn«t 
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and  behind  the  pericardium  bj  the  fusion  of  the  adjacent  ends  of  the  anterior  and 
posterior  parts  of  the  anterior  ventral  aortse. 

The  simple  tubular  heart,  at  first  straight  and  of  fairly  uniform  calibre,  soon  alters  in 
form  and  in  the  relative  position  of  its  diflferent  parts.  It  becomes  irregularly  enlarged, 
and  a  series  of  four  dilatations,  with  intervening  constrictions,  can  be  distinguished.  The 
dilatations,  from  behind  forwards,  are  as  follows : — (1)  the  sinuB  ▼enoBUS  or  sacciiB 
rennieiiB,  (2)  the  auricle  or  atrium,  (3)  the  ventricle,  and  (4)  the  aortic  bulb  or  bnlbns 
arteriosas.  The  short  constriction  between  the  auricle  and  ventricle  is  known  as  the 
anriciilar  canal,  and  the  less  pronounced  constriction  which  intervenes  between  the 
ventricle  and  the  aortic  bulb  is  termed  the  firetnm  Halleri.  In  addition  to  this  alteration 
in  form,  the  tubular  heart  elongates,  much  more  so  than  the  pericardium  in  which  it  lies, 
whilst  at  the  same  time  the  anterior  extremity  of  the  aortic  bulb  and  the  sinus  venosus 
are  withdrawn,  from  the  root  of  the  neck  and  the  septum  transversum  respectively,  into 
the  pericardium.  Of  necessity,  therefore,  the  single  heart  is  bent  upon  itself,  and  it 
projects  more  and  more  into  the  pericaidium,  pushing  forwards  the  visceral  layer  of 
the  serous  lining  of  this  cavity,  and  carrying  with  it  a  mesentery  of  splanchnic  mesoderm 
which  is  known  as  the  mesocardium. 

The  bending  of  the  heart  results  in  the  formation  of  a  U-shaped  loop,  the  posterior  or 
venous  limb  of  the  loop  lying  to  the  left  and  below,  with  the  body  in  the  erect  posture, 
the  anterior  or  arterial  limb  being  to  the  right  and  above,  whilst  the  intervening  stem  of 
the  loop  runs  from  the  left  and  below  upwards,  forwards,  and  to  the  right.  The  apex 
of  the  aortic  bulb  is  bent  a  little  to  the  left  and  reaches  the  middle  line. 

Subsequently  the  auricle  ascends  behind  the  ventricle,  and  the  ventricular  opening 
of  the  auricular  canal,  the  short  conununicating  passage  between  the  auricle  and 
ventricle,  is  seen  as  a  transverse  slit  at  the  upper  part  of  the  left  or  posterior  end  of  the 
ventricle.  As  the  ventricular  chamber  enlarges  its  upper  end  passes  towards  the 
middle  line,  and  the  ventricle  is  no  longer  so  obliquely  directed  from  left  to  right  but 
lies  more  in  the  mesial  plane.  As  the  result  of  these  changes  of  position,  and  the  coin- 
cident modifications  in  size  of  the  different  parts,  the  aortic  bulb  is  eventually  placed 
immediately  in  front  of  the  auricle,  and  the  opening  of  the  auricular  canal  is  nearer 
the  middle  of  the  upper  part  of  the  posterior  wall  of  the  ventricular  chamber.  During 
its  further  growth  the  ventricle  enlarges  principally  at  its  anterior  or  ventral  part ;  the 
dorsal  part  is  not  materially  altered  in  position,  and  consequently  the  openings  of  the 
auricular  canal  and  the  aortic  bulb  remain  relatively  close  together.  The  auricle  increases 
in  size  by  lateral  expansion  and  by  forward  extension  of  its  lateral  angles ;  the  forward 
extensions  embrace  the  sides  of  the  aortic  bulb,  and  constitute  the  rudimentary  auricular 
appendages.  In  the  meantime  the  mesocardium  disappears  and  the  heart  lies  free  in  the 
pericardium  except  at  its  extremities. 

Division  of  thb  Heart  into  its  different  Chambers,  and  Division  of 

THE  Aortic  Bulb. 

Whilst  the  changes  in  form,  position,  and  size  of  the  different  sections  of  the  primitive 
heart,  which  have  just  been  described,  are  taking  place,  the  division  of  the  heart  cavity 
into  its  four  permanent  chambers,  and  of  the  aortic  bulb  into  its  aortic  and  pulmonary 
portions  commences.  These  divisions  are  brought  about  by  the  growth  of  septa  in  the 
ventricle,  auricle,  and  aortic  bulb,  and  by  the  thickening  and  fusion  of  the  middle  portions 
of  the  upper  and  lower  walls  of  the  auricular  canal. 

The  thickenings  of  the  walls  of  the  auricular  canal  are  called  endocardial  cushions  ; 
they  meet  and  fuse  together  mesially  to  form  the  septnm  intermedium  by  which  the 
central  portion  of  the  canal  is  obliterated,  whilst  the  lateral  portions  are  left  patent  as 
small  triangular  channels  which  still  connect  the  auricular  and  ventricular  chambers. 

The  separation  of  the  ventricular  part  of  the  heart  into  right  and  left  chambers  is 
indicated,  externally,  at  a  very  early  period,  by  a  groove,  well  marked  in  front  and  below, 
but  less  distinct  behind  where  it  runs  upwards  to  the  auricular  canal ;  whilst  internally, 
in  a  corresponding  position,  a  yentricnlar  septum  (s.  inferius)  grows  upwards  from  the 
inferior  part  of  the  ventricular  wall.  The  posterior  part  of  the  upper  border  of  this  septum 
unites  with  the  lower  end  of  the  fused  endocardial  cushions  of  the  auricular  canal ;  the 
anterior  part  of  its  upper  border  terminates  a  short  distance  below  the  orifice  of  the  aortic 
bulb,  where  it  unites  with  the  septum  of  the  aortic  bulb  which,  at  a  later  period,  descends 
to  meet  it. 

The  division  of  the  aortic  bulb  commences  at  its  distal  end  between  the  orifices  of 
the  fourth  and  fifth  cephalic  aortic  arches.     It  is  due  to  the  ingrowth  of  two  endocardial 
63 
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thiokeningB  which  meet  and  fuse  together  from  their  distal  to  their  proiiniAl  ends, 
forming  a  septum  which  divides  the  interior  of  the  aortic  bulb  into  two  parts,  and  theu 
projects  downwards  into  the  ventricular  chamber  till  it  meets  and  fuaea  with  the  RDterior 
part  of  the  upper  border  of  the  ventricular  septum.  The  upper  or  distal  part  of  the 
septum  of  th«  aortic  bulb  commencea  from  the  dorsal  wall  of  the  cavity  between  the 
fourth  and  fifth  cephalic  arches,  and  it  is  plac«d  transversely,  but  ita  lower  end  lies 
more  aatero-posteriorlj,  therefore  it  twists  spirally  as  it  descends,  and  as  a  result  the  right 
part  of  the  ventricLe  is  thrown  into  continuity  with  the  fifth  cephalic  aortic  arcLea,  wbilst 
the  left  part  of  the  ventricle  retains  continuity  with  the  remaining  cephalic  aortic  arches. 

After  the  septum  of  the  aortic  bulb  is  completed,  grooves  appear  along  its  margins  on 
the  surface  of  the  bulb ;  the  grooves  deepen  until  they  divide  the  septum  and  coasequentlj 
the  bulb  into  two  parts ;  the  part  in  connexion  with  the  right  ventricle  and  the  fifth 
aortic  arch  becomes  the  pnlmonary  artery,  and  the  part  in  connexion  with  the  left 
ventricle  and  the  remaining  arches  becomes  the  aacandinc  aorta. 

The  separation  of  the  primitive  auricle  into  right  and  left  portions  is  indicated 
externally  by  the  appearance  of  a  groove  on  the  upper  and  posterior  wall ;  opposite  this 


FiQ.  669.— Dbvblopmiht  of  thi  Hiakt  and  thi  HAm  ABrmms. 
Diignua  of  the  heart,  showitig  the  (onnatioD  of  its  upta,  and  of  the  ciphallc  portion  or  the  uterul  ipttnL 

groove  an  anricnlar  Beptom  grows  downwards  in  the  interior  of  the  auricle.  Its  lottt 
border  gradually  approaches  the  endocardial  cushion  iu  the  auricular  c&mU,  aud  for  s  mi 
a  small  opening  is  left  between  the  upper  ends  of  the  fused  endocardial  cushions  and  tlu 
tower  edge  of  the  septum.  This  is  the  ostium  primnm ;  it  is  closed  by  the  fusion  of  the 
septum  with  the  endocardial  cushions,  but  before  its  closure  is  completed  an  aperture 
appears  in  the  upper  part  of  the  septum;  this  latter  aperture,  the  oatiiim  McanduB, 
becomes  the  fonunefl  ovale.  A  second  auricular  septum,  the  leptum  tecitndtim,  gr««s 
downwards  to  the  right  of  the  first  septum ;  its  lower  noargin  passes  the  foramen  in  iIk 
septum  primum  which  is  called  the  foramen  ovale,  but  stops  some  distance  from  tk 
posterior  wall  of  the  auricle,  and  this  mai^n  constitutes  the  llfflbna  Viaiuaeilit  The  llmbu.- 
Vieusaenii  forms  the  upper  and  anterior  boundary  of  a  depression  in  the  auricular  septum 
which  is  called  the  fossa  ovalia.  The  floor  of  the  foesa  is  formed  by  the  primary  arp'um. 
and  the  foramen  ovale  which  lies  at  the  upper  part  of  the  fossa  is  closed  after  birth  by  lh>' 
fusion  of  the  primary  and  secondary  septa. 

The  sinus  venosns,  which  in  the  early  stages  receives  the  vitelline  veins  from  lh« 
yolk  sac,  the  allantoic  or  umbilical  veins  from  the  placenta,  and  the  ducts  of  Cnrier 
which  return  the  blood  from  the  Wolffian  bodies  and  the  body  of  the  embryo,  is  »!*" 
divided  into  two  parts  by  the  formation  of  a  ledge-like  projection  from  it£  posterior  *ill 
and  the  lower  end  of  tlie  septum  secundum  of  the  auricle  crosses  the  ledge  between  the 
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two  parta  &nd  becomes  cotitinnous  with  the  Euatachi&n  valve  along  the  anterior  mai^io  of 
the  interior  vena  cava.  The  sinua  venoaus  lies  at  first  below  and  behind  the  auricle,  with 
which  it  communicates  freely.  It  is  gradually  divided  into  a  large  right  and  a  small  left 
comu,  and  its  orifice  of  communication  with  the  auricle  is  constricted,  and  ultimately 
it  is  tiansformed  into  a  cleft  which  opens  from  the  right  end  of  the  sinus  into  the  back  o! 


nortjc  arch  (obHI*nt«1) 
Intemil  JoguUf  vrt  '^'*  "«•'» 


■ortk  inh  [Onnliig  part  of 
Vntabnt  ui«i  ttrj 

lortlc  sirh  fonnlng  ircb  of  Bor< 

T  iBttrcoiUI  If  in 

rlM-oM  (put  oT  Iha  aitb  untlo 

Sht  pnlmonuT  «rt«i  "*"■' 

SapciiOT  rtuA  i*' 
Venn  iiyp*  nuji 

Bight  .uric  ^ 

R^ht  Tenlric 

iDfSrior  TBDi  o'  '  Infarlor 

Intenmliil  voli 


Fio.  670.— DiAORAM  or  tbk  Courbe  of  tbr  F<etal  Cihcdlatioh. 

the  right  part  of  the  auricular  chamber ;  the  cleft  is  guarded  by  two  lateral  valve-like 
folds  of  endocardium,  the  light  and  left  TenonB  Talrss,  which  become  continuous  above 
with  a  transitory  downward  projection  from  the  roof  of  the  auricle,  known  as  the  aeptnin 
sptuitun.  The  orifice  of  communication  is  divided  into  two  parts  as  the  right  part  of  the 
cavity  is  absorbed  into  the  auricle.  The  left  part  of  the  orifice  becomes  the  opening  of 
the  coronary  sinus  and  the  right  is  opened  out  as  the  right  part  of  the  sinus  is  absorbed 
into  the  auricular  cavity. 

In  the  early  stages  the  veins  of  the  two  sides  opened  into  the  corresponding  sections 
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of  the  sinus  venosus,  but  numerous  transformations,  which  are  described  in  the  account 
of  the  development  of  the  veins,  occur,  and  finally  all  the  veins,  except  the  left  duct  o{ 
Cuvier,  open  into  the  right  end  of  the  sinus,  and  ultimately  into  the  auricle  as  the  right 
part  of  the  sinus  is  absorbed  into  it ;  the  left  part  of  the  sinus  becomes  a  mere  appendage  of 
the  rights  and  is  transformed  into  the  coronary  siiiiiB  which  receives  the  blood  from  the 
walls  of  the  adult  heart. 

Thus,  when  the  development  of  the  heart  is  completed,  all  the  large  veins  which  reach 
the  heart,  with  the  exception  of  the  pulmonary  veins,  open  into  the  right  auricle,  and 
into  that  part  of  the  chamber  formed  by  the  absorption  of  the  right  end  of  the  tmm 
venosus.  Indications  of  the  primitive  separation  of  the  auricle  from  the  sinus  venosus 
are  still  recognisable  in  the  adult,  as  the  snlcns  terminalis  on  the  exterior,  the  corre- 
sponding crista  terminalis  in  the  interior,  and  the  Etutacbian  and  Thebefiian  valves; 
the  Eustachian  valve  is  a  remnant  of  part  of  the  valvular  fold  which  was  situated  at  the 
right  margin  of  the  slit-like  aperture  of  communication  between  the  sinus  venosus  and 
the  auricle,  whilst  the  valve  of  Thebesius  represents  a  fold  of  endocardium. 

The  valves  which  guard  the  auriculo-ventricular  orifices  are  downgrowths  from  the 
lower  end  of  the  auricular  canal.  The  valves  of  the  pulmonary  and  aortic  apertures  are 
preceded  by  four  endocardial  thickenings  at  the  lower  end  of  the  aortic  bulb — anterior, 
posterior,  and  two  lateral.  As  the  septum  of  the  bulb  descends  it  fuses  with  the  middle 
parts  of  the  lateral  thickenings ;  thus,  when  the  septum  of  the  bulb  has  descended  below 
the  lower  orifice  of  the  bulb,  dividing  it  into  aortic  and  pulmonary  apertures,  three 
endocardial  thickenings  are  found  in  each  aperture,  one  anterior  and  two  posterior  in  the 
pulmonary  aperture,  and  the  reverse  in  the  aortic  orifice.  From  these  thickenings  the 
semilunar  valves  of  the  aortic  and  pulmonary  apertures  are  developed,  and  they  retain 
their  original  positions  until  after  the  sixth  month  of  foetal  life ;  ultimately,  however,  thej 
are  twisted  round,  so  that  in  the  adult  the  pulmonary  valves  are  placed  two  in  front  aud 
one  behind,  and  the  aortic  one  in  front  and  two  behind. 

The  Aortic  Arches — Formation  of  the  Chief  Arteribs. 

The  aortic  arches  at  the  head  end  of  the  embryo  connect  the  aortic  bulb  aud  tht 
ventral  aortse  in  front  of  the  bulb  with  the  corresponding  parts  of  the  primitiTe 
dorsal  aortas.  The  arches,  ten  in  number,  are  arranged  in  pairs.  There  are,  therefore, 
five  arches  on  each  side,  and  they  are  distinguished  from  before  backwards  by  their 
numerical  designation.^ 

The  first  is  formed  during  the  development  of  the  head  fold  by  the  bending  of 
the  primitive  aorta ;  it  lies  at  the  side  of  the  bucco-pharyngeal  area,  and  suW 
quently  in  the  substance  of  the  mandibular  arch.  The  remaining  aortic  arches  art 
formed  quite  differently,  and  grow  dorsally  through  the  substance  of  the  remainin; 
visceral  arches,  as  these  are  formed  in  regular  succession  in  the  side  wall  of  the  pharvi; 
geal  portion  of  the  foregut.  The  second  springs  directly  from  the  anterior  ventral  aoruu 
and  passes  through  the  hyoid  arch  to  the  dorsal  aorta,  but  the  third,  fourth,  and  tiftL 
spring  by  a  common  trunk  from  the  apex  of  the  aortic  bulb.  Subsequently,  however,  mc 
as  the  neck  grows  forwards,  the  anterior  ventral  aorta  is  elongated,  and  the  third  aiJii 
fourth  arches  arise  separately  from  it.  At  this  later  period,  therefore,  four  vessels,  tv<» 
on  each  side,  spring  from  the  aortic  bulb,  viz.  the  two  fifth  arches  and  the  t^o 
anterior  ventral  aortse  from  which  the  anterior  four  pairs  of  arches  arise.  When  thi- 
septum  of  the  aortic  bulb  is  developed,  the  bulb  is  divided  into  two  parts,  one  (tht 
pulmonary  artery)  connecting  the  fifth  arches  with  the  right  ventricle,  and  the  othtr 
(the  ascending  aorta)  connecting  the  ventral  aortic  stems,  and  through  them  tbi' 
first,  second,  third,  and  fourth  pairs  of  arches,  with  the  left  ventricle.  £ach  cephalic 
aortic  arch  is  connected  with  the  arch  immediately  behind  it  by  a  dorsal  root,  and  in  tl^; 
cases  of  the  first  three  arches  by  a  ventral  root  also ;  but  the  ventral  root  of  the  fourth 
arch  connects  it  with  the  aortic  bulb.  The  dorsal  and  ventral  roots  of  the  arches  aiv 
simply  portions  of  the  primitive  ventral  and  dorsal  aortae,  which  are  so  named  merelj 
for  descriptive  purposes.  From  the  dorsal  roots  a  series  of  Begmental  tmaehes  ait 
given  off,  which  pass  dorsally,  between  the  rudiments  of  the  transverse  processes  of  the 
ciervical  vertebrae,  to  supply  the  spinal  cord  and  its  membranes  and  the  muscles  and 
fascise  of  the  back. 

The  five  pairs  of  arches  do  not  all  persist  in  their  entirety,  but  remains  of  each  arc 


)'» 


'  In  some  of  the  lower  formu  six  aortic  arches  have  beeu  recognised,  and  it  is  possible  that  whit  «r  kn 
as  the  fifth  in  the  human  subject  corresponds  with  the  sixth,  the  fifth  not  being  formed,  or  possessiDg  *>uU  t 
very  transitory  and  mdimentary  existence. 
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found  even  in  the  adult.  The  first  and  second  pairs  disappear  almost  entirely ;  from  the 
ventral  ends  of  the  first  arches,  however,  the  superficial  temporal,  the  internal  maxillary, 
the  lingual  and  the  facial  arteries  are  formed ;  whilst  from  the  ventral  ends  of  the  second 
arches  the  ascending  pharyngeal,  posterior  auricular,  and  occipital  arteries  are  derived. 

On  each  side  the  ventral  roots  of  the  first  and  second  arches  persist  as  the  stem  of  the 
corresponding  external  carotid  artery.  The  internal  carotid  is  formed  by  the  third  arch 
together  with  the  dorsal  roots  of  the  second  and  first  arches,  and  is  continued  forwards  to 
the  cerebrum  by  an  outgrowth  from  the  anterior  end  of  the  dorsal  root  of  the  first  arch. 
The  ventral  root  of  the  third  arch  becomes  the  common  carotid  artery.  The  dorsal  root 
of  the  third  arch  disappears.  On  the  right  side  the  ventral  root  of  the  fourth  arch  forms 
the  innominate  artery,  and  the  arch  itself  is  converted  into  part  of  the  subclavian  artery, 
whilst  the  dorsal  root  disappears.  On  the  left  side  the  ventral  root  of  the  fourth  arch 
forms  the  small  portion  of  aorta  which  lies  between  the  innominate  and  left  common 
carotid  arteries.  The  left  fourth  arch  itself  and  its  dorsal  root  form  the  arch  of  the  aorta 
from  the  origin  of  the  left  carotid  artery  to  the  attachment  of  the  ductus  arteriosus. 

The  ventral  portion  of  the  fifth  arch  on  each  side  remains  as  the  first  part  of  the  cor- 
responding pulmonary  artery.  The  dorsal  part  disappears  early  on  the  right  side,  but  on 
the  left  side  it  persists  and  remains  patent  up  to  birth  as  the  ductus  arteriosus.  After 
birth  it  is  obliterated  and  transformed  into  a  fibrous  cord. 

The  fate  of  the  primary  candal  arcliefi,  their  secondary  successors,  and  that  of  the 
posterior  ventral  portions  of  the  primitive  aortee,  has  already  been  fully  considered  (p.  928). 

The  Primitive  Dorsal  Aort^ — Formation  of  the  Descending  Aorta. 

Coincidently  with  the  development  of  the  cephalic  aortic  arches  the  anterior  portions 
of  the  dorsal  sections  of  the  primitive  aortae  are  converted  into  the  dorsal  roots  of  the 
aortic  arches.  As  already  pointed  out,  certain  parts  of  these  disappear  entirely,  whilst 
other  parts  are  utilised  in  the  formation  of  the  permanent  vessels. 

Behind  the  fifth  arches  the  two  primitive  dorsal  aortSB  remain  separate  as  far  back  as 
the  root  of  the  fore-limb.  To  this  extent  the  right  vessel  disappears,  whilst  the  left 
remains  and  forms  a  portion  of  the  descending  aorta.  From  the  roots  of  the  fore-limbs 
backwards  to  the  caudal  arches  the  dorsal  aortse  fuse  together,  beneath  the  vertebral 
column,  to  form  the  remainder  of  the  descending  aorta. 

The  Branches  of  the  Primitive  Dorsal  Aort^. 

Each  primitive  dorsal  aorta  gives  ofi*  from  its  dorsal  surface  a  series  of  somatic  seg- 
mental arteries,  from  its  sides  an  irregular  series  of  intennediate  (visceral)  branchei,  and 
from  its  ventral  surface  a  group  of  segmental  splanchnic  brandies  to  the  walls  of  the 
alimentary  canal,  see  (Figs.  677  and  678). 

The  somatic  s^mental  arteries  divide  into  ventral  and  dorsal  branches  which  accom- 
pany the  posterior  and  anterior  primary  branches  of  the  spinal  nerves  respectively,  and 
the  ventral  branches  give  ofif  lateral  offsets.  The  various  branches  of  the  somatic  seg- 
mental vessels  anastomose  freely  together. 

The  splanchnic  segmental  arteries  also  anastomose  freely  together.  Ultimately,  from 
the  somatic  vessels  and  their  branches  and  anastomoses  are  developed  the  vertebral,  the 
basilar,  and  the  spinal  arteries :  part  of  the  right  subclavian  artery,  the  whole  of  the  left 
subclavian  artery,  and  their  continuations  in  the  fore-limbs :  the  intercostal  and  lumbar 
arteries,  and  the  internal  mammary  and  deep  epigastric  arteries;  whilst  from  the  splanchnic 
segmental  arteries  the  majority  of  the  blood-vessels  which  supply  the  alimentary  canal  are 
developed.  The  intermediate  visceral  arteries  supply  the  organs  derived  from  the  inter- 
mediate cell  mass,  viz.  the  suprarenal  capsules,  the  kidney,  and  the  ovaries  or  testicles ; 
but  for  a  full  account  of  the  transformations  which  the  various  vessels  and  anastomoses 
undergo,  reference  must  be  made  to  the  account  of  the  morphology  of  the  arteries. 

The  Arteries  of  the  Limbs. 

Little  is  known  of  the  precise  details  of  the  development  of  the  arteries  of  the  limbs, 
but  there  is  not  much  doubt  that  they  are  formed  almost  entirely  by  prolongations  of  or 
from  somatic  segmental  arteries  or  their  branches. 

The  chief  arterial  stem  of  each  upper  extremity  is  represented  by  the  subclavian,  the 
axillary,  the  brachial,  and  the  anterior  interosseous  arteries;  these  vessels  form  a  con- 
tinuous trunk  which  is  developed,  on  the  left  side  entirely  and  on  the  right  side  mainly. 
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from  the  corresponding  seventh  somatic  segmental  branch  of  the  primitive  aorta,  from  its 
ventral  branch,  and  from  the  lateral  ofiset  of  the  latter.  It  is  indeed  the  lateral  o^t 
of  the  ventral  branch,  growing  outwards  into  the  developing  limb,  which  forms  the 
prolongation  of  the  stem. 

The  root  of  the  right  stem  vessel,  constituted  by  the  right  subclavian  artery  from  its 
origin  almost  as  far  as  the  point  at  which  the  right  vertebral  artery  arises,  is  formed 
by  the  fourth  right  aortic  arch ;  on  the  left  side  the  fourth  arch  t^es  no  part  in  the 
formation  of  the  subclavian  artery. 

In  the  lower  limbs  the  primary  main  arterial  stem,  on  each  side,  is  represented  by  the 
sciatic,  the  popliteal,  and  the  peroneal  arteries.  The  sciatic  artery  arises  from  the  caudal 
arch,  and  it)  together  with  its  prolongation  through  the  popliteal  space  and  leg,  is  probably 
formed  from  a  somatic  segmental  vessel,  but  to  which  parts  of  this  it  corresponds  is  not 
clear.  The  external  iliac  artery,  prolonged  into  the  limb  as  the  femoral  artery,  is 
developed  at  a  later  period  than  the  sciatic  artery.  It  arises  from  the  caudal  aortic  arch 
above  the  origin  of  the  sciatic  artery,  and,  like  the  latter  tnmk,  is  probably  a  modified 
somatic  segmental  vessel.  The  femoral  artery  soon  after  its  formation  unites  with  the 
primary  main  stem,  at  the  upper  part  of  the  popliteal  space;  the  sciatic  artery  then 
atrophies  and  loses  its  connexion  with  the  popliteal  artery,  and  ultimately  a  permanent 

chief  stem  vessel  is  formed,  which  includes 
the  external  iliac,  the  femoral,  the  popliteal, 
and  the  peroneal  arteries,  and  obviously  it 
represents  the  two  somatic  segmental  vessels 
by  which  it  is  formed.  Both  in  the  upper 
and  in  the  lower  limb,  branches  which  attain 
a  large  size  are  given  oiF  from  the  main  stem 
artery  a  short  distance  beyond  the  joint 
between  the  upper  and  middle  sections  of 
the  limb,  i.e.  below  the  elbow  in  the  upper 
limb  and  below  the  knee  in  the  lower  limb, 
and  on  account  of  the  relatively  great  eo* 
largement  of  these  branches  the  continuity 
of  the  original  stem  is  obscured.  Thus  it  is 
that»  in  the  adult,  the  brachial  artery,  the 
direct  continuation  of  the  stem  which  a 
divided  into  subclavian,  axillary,  and  brachi&l 
sections,  appears  to  terminate  by  dividing 
into  the  radial  and  ulnar  arteries,  whilst 
originally  it  was  continued  through  vhat, 
in  the  adult,  is  the  upper  part  of  die  uhur 
artery  to  the  anterior  interosseous  arteir: 
the  posterior  interosseous,  the  radial,  and 
the  ulnar  arteries  being  merely  branches  fmo 
the  main  stem. 

Similarly,  in  the  lower  extremity  the 
popliteal  artery,  which  is  the  continuati^ 
of  the  original  stem  artery,  appears  to 
terminate  in  the  adult  by  dividing  into  the 
anterior  and  posterior  tibial  arteries,  both  of 
which  in  reality  are  branches  from  the  sides 
of  the  main  stem  which  was  continued  to 
the  foot  as  the  peroneal  artery. 
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Cardinal  vein  (intenial 
iliac) 


Simultaneously  with  the  formation  of  the 

FIO.  671.-DEVELOPMENT  OP  THE   VeNOLS  SySTEM     *^™«    ^J    ^^i<^^,   ^^«  ^^"^    «    distributed 

(Diagrammatic).  to  the  embryo  and  to  the  rest  of  the  ovum. 

Stage  I.— The  ducts  of  Cuvier,  the  vitelline  veins,  and  »"<*  '»  *  similar  manner,  a  series  of  vessels  is 

the  umbilical  veins  open  directly  into  the  heart        developed  by  means  of  which  the  blood  it 

returned  to  the  heart  These  vessels  are  th« 
veins,  of  which  there  are  two  main  groups.  One  group  returns  blood  from  the  abdominal 
viscera  and  the  annexa  (the  yolk-sac  and  allantois) ;  the  other  group  includes  the  vessel* 
which  return  blood  from  the  Wolffian  bodies,  the  body  wall,  the  head  and  neck,  and  the 
limbs  of  the  embryo.     The  first  group  consists  of  the  vitelline,  allantoic,  and  portal 
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▼aiiu ;  the  second  group  includes  the  priniitiTe  Jngnlsr  and  the  cardinal  Teins  and  the 
dncta  of  Citviar. 

The  trunkB  of  the  vitelliiie  veine  are  foraied  by  the  posterior  parts  of  the  anterior 
primitive  ventral  aortte,  and  neceesarily  they  open  into  the  posterior  part  of  the  heart 
(sinua  venosuB).  They  collect  blood  from  the  yolk-sac,  and  ascend  along  the  vitello- 
intestinal  duct  to  be  continued  upwards  along  the  aides  of  the  duodenum.  Three 
traaarerae  anastomoses  soon  form  between  them,  of  which  the  lower  and  the  upper  are  in 
front  of  and  the  middle  is  behind  the  duodenum ;  thus  two  vascular  circles  are  formed 
round  that  portion  of  the  gut.  Whilst  the 
loops  are  being  formed   the  liver  grows 

rapidly,  and  it  interrupts  the  direct  con-  u 

neiion  of  the  vitelline  veins  with  the  heart. 
When  the  upper  vascular  loop  is  established 
the  two  vitelline  veins,  which  appear  to 
be  prolonged  frcmi  its  sides,  enter  the  liver 
and  break  up  into  capillaries,  from  which 
two  new  vessels  arise  which  carry  the  blood 

to  the  sinus  venoeus.      The  veins  which  '•m 

carry  the  blood  to  the  liver  are  now  known  imoaii 

as  the  TeiuB  advehentea;    they  become  imium 

the  right  and  left  divisions  of  the  portal 
Tsln.  The  vessels  which  carry  the  blood 
to  the  ainus  venoeus  are  the  veiUB  rere- 
heates,  and  they  become  the  hepatic  Tsiiu.  smoaii 

From  the  inferior  part  of  the  lower 
venous  circle  the  vitellkie  veins  fuse  into 
a  common  atem  which  receives  the  veins 
from  the  abdominal  portion  of  the  gut, 
and  this,  tc^ther  with  the  left  half  of  the 

lower  loop,  becomes  the  superior  mesenteric  '" 

vein,  which  passes  in  front  of  the  third 
part  of  the  duodenum  and  there  receives 

the  splenic  vein.     The  middle  anastomosis  i 

and  the  right  half  of  the  upper  loop  become 
the  portal  vein.  The  upper  auastomous 
and  the  left  vena  advehena  become  the 
left  branch  of  the  portal  vein.  The  right 
vena  advehena  forming  the  right  branch, 
and  the  left  half  of  the  upper  and  the  right 
half  of  the  lower  loop  disappear. 

The  allantoic  or  umbilical  veins  com- 
mence   in   the  placenta  and   fuse    into  a  , 
single  stem  which  tniveieee  the  umbilical 
ooid  to  reach  the  embryo,  and  divides  at 
the  umbilicus  into  right  and  left  divisions. 
The  two  veins  then  pass  through  tbe  septum 
tranSTersum,  one  to  the  right  and  the  other 
to  the  left,  and  open  into  the  sinus  venoeus. 
After  a  very  short  period  the  communica' 
tions  with  the  sinus  are  obliterated,  and 
both  veins  end  in  the  venous  capillaries  of 
the  liver,  the  blood  they  convey  now  pass- 
ing to  the  sinus  venosus  by  the  hepatic  veins.     This  condition  also  is  only  transitory,  for 
the  right  vein  soon  undergoes  complete  atrophy  and  disappears,  whilst  the  left  opens  into 
the  upper  loop  of  the  vitelline  veins.     In  the  meantime,  however,  another  channel,  the 
dDctoa  TeiiOHiu,  has  been  developed,  which  passes  directly  from  the  upper  loop  of  the 
vitelline  veins,  or  rather  from  the  left  vena  advehens  to  the  right  hepatic  vein,  and  by 
this  channel  the  greater  part  of  the  placental  blood  passes  to  the  heart  without  traversing 
the  liver  substance.     Some  of  the  placental  blood,  however,  goes  to  the  liver  by  the  left 
vena  advehena.     Finally  the  left  vena  revehens  loses  its  connexion  with  the  sinus  venosus 
and  opens  into  the  right  vena  revehena     The  left  umbilical  vein  and  the  ductus  venosuB 
remain   pierviouH  until  birth,  when  the  placental  circulation  ceases.      The  two  vessels 
then  rapidly  atrophy,  and  are  subsequently  represented  by  fibrous  cords,  of  which  that 
formed  from  the  left  umbilical  vein  is  known  as  the  roond  ligammt  of  the  Utbt. 


Fro.  972.— DavBLOPMBNT  of  the  Vwtoua  Sybtfm 
(Diagram  matte). 

Age  II. — The  vitelline  and  umbilical  veice  termiDale  in 
the  liver,  lod  tTamverae  anaatomoeeii  have  rormed 
between  the  vitelline,  cardiiul,  and  primitive  Jngalar 
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Tbe  primitive  jugular  and  cardinal  TeioB,  and  the  ducts  of  Cuvier,  which  corutitute  the 
main  veinB  of  the  WolfBan  body,  and  of  the  body  wall,  head,  neck,  and  limbs  of  the  embryo, 
are  represented  in  the  adult  by  the  external  jugular  veins,  the  whole  of  tbe  right  and  fart 
of  the  left  innominate  veins,  the  superior  vena  cava,  the  a^gos  veins,  the  left  superior 
int«rcoBtal  vein,  part  of  the  inferior  vena  cava,  the  right  common  iliac  vein,  a  small  put  ol 
tbe  left  common  iliac  vein,  and  both  right  nnd  left  internal  iliac  veins. 

The  primitive  jugular  vein  of  each 

"'  side  returns  blood  from  the  head  and 

neok,  and  corresponding  upper  eitiemity, 

and  it  terminates  below  by  fusing  vith 

' '"'"  the  cardinal  vein  to  form  a  common  trunk, 

'  "  "  the  duct  of  Cuvier,  which  opeoi  into  the 

sinus  venoBUE.    Each  cardinal  vein  returns 

veiD  blood  from  the  body  wall,  tbe  Wolffian  body, 

inuiomoKii  '■'^^  ^^^  lower  extremity  of  its  own  side. 

Numerous  transverse  anastomoees  are 

^^  developed  between  the  primitive  jugulir 

and  cardinal  veins  of  opposite  sides,  and 

of  these  four  are  specially  important,  one 

between  the  primitive  jugular  veins  and 

■Duiorooai*  three   between  the  cardinal  veins ;  the 

former  becomes  tbe  left  innominate  vein ; 

of  the  latter,  the  upper  two  become  the 

nil  transverse  parte  of  the  upper  end  loirsr 

smaller  azygos  veins,  and  the  third  fomii 

the   left  common  iliac  vein.     As  these 

transverse     channels     develop     further 

changes  occur  iu  the  primitive  jugulir 

and  cardinal  trunks.     At  first'the  uppet 

lanii  extremity  of  the  primitive  jugular  vein 

is  in  direct  continuity  with  the  veuom 

sinuses  c^  the  cranium  through  an  sper 

"*°  ture,  the  poat-condyloid  foramen,  in  front 

of  the  external  ear;  but  this  contiiiuitr 

is  destroyed,  and  the   aperture  in  the 

skull   closes  as   soon   as  a  new  veseeL 

which  becomes  the  internal  jugular  vein. 

Tji'  veil)       iitks  grown  upwards  from  a  point  on  tbe 

inner  side  of  the  primitive  jugular  trunk 

and   has    established    a    communication 

with  the  lateral  sinus  through  the  jugiilv 

foramen.     This  vessel  rises  behiud  ibe 

stemo-olavicular  joint,  juat  opposite  to, 

or  slightly  below,   the  entrance  of  tbe 

^„i,         subclavian  vein  into  the  out«r  side  of  ihe 

primitive  jugular  vein. 
cvBin  With    the    exception    of    its    upper 

extremity,   the  whole  of    the   primiti" 
'  jugular  vein  remains  on  both  sides  in  tbe 

^     „  ,  adult.      On  the   right  side,  above  tbe 

ftG.  fl73.-D.v«^sNT  or  i8«  VsNOus  Ststsm       tnmsverse  anastom^  between  tbe  t« 

...     ....       ,         .-,     .  L      J.  J       ■  primitive  jugular  veins  which    beaana 

St«ge  111,— The  liglit  umbilical  vein  hu  disapneired,  ami  f.      ,,..■'*.      .  ...  ... 

the  superior  mesenteric  .nd  eplenie  veins  have  joined  ^-^^  1^'  innominate  vein,    it    forms  tbe 
the  rused  vitelline  veinn,  external  jugular  vein,  and  that  portioo 

of  tbe  right  subclavian  vein  which  int«- 
venes  between  the  external  jugular  and  internal  jugular  veins,  and  also  the  right  inooininste 
vein  ;  below  the  anastomosis  it  forms  the  upper  part  of  the  superior  vena  cava,  the  lover 
part  of  tbe  latter  vessel  from  the  entrance  of  the  vena  azygos  major  downwards  repre- 
senting the  right  duct  of  Cuvier,  which,  though  it  is  placed  transversely  in  the  esrl; 
stages,  becomes  more  vertical  as  the  heart  descends  in  the  tiioracic  cavity.  On  the  left 
side  above  the  transverse  anastomosis  it  fomiH  the  external  jugular  vein,  the  inoenncet 
part  of  the  subclavian  vein,  and  a  small  part  of  the  left  innominate  vein  ;  tbe  main  psit 
of  the  latter  vessel  being  formed,  as  before  stated,  from  the  transverse  anastomosis.    Tbe 
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portion  of  the  left  primitive  jugular  vein  which  lies  below  the  anastomoBis  is 
in  the  adult  hj  the  upper  put  of  the  left  superior  istercoetal  v 

The  portions  of  the  cardinal  veins  lying  below  the  tronsverse  anastomoHia  which 
becomeB  the  left  oommon  iliao 

vein  remain ;  that  on  the  right  ^  \ 

forms  the  right  internal  and  *'""' 

common  iliac  veins,  but  the 
left  formsonly  the  left  internal 

iliao  vein  and  a  small  part  of  imiiiTeiii 

the  left  common  iliac  vein,  for  .^^  ^i^ 

the  tranarene  anastomosis 
commences  on  the  left  side 
almost  opposite  the  point  of 
entrance  of  the  eitemal  iliac 
vein,  whilst  it  terminates  on 
the  right  side  at  a  higher  WbMH 
level. 

From    the    left  common     superior 
iliac  vein  to  the  renal  vein 
the  cardinal  vein  of  the  left 
side  disappears ;  that  on  the 
right  side  becomes  the  lower      veu  ii; 
part  of  the  inferior  vena  cava, 
to   which   the   blood    passes 
from  the  left  side  of  the  ab- 
dominal  wall   by   means    of 
small  transverse  anastomosing        ^      '' 
channels   which  existed   be- 
tween the  cardinal  veins,  and  '"''"'jS 
which  persist  as  the  terminal 
portions  of   the  left  lumbiir 

veins.  inferior  vei 

Above  the  renal  veins  part 
of  the  right  cardinal  vein 
persists  as  the  vena  azygos 
major,  and  the  left  forms  the 
upper  and  lower  minor  azygos 
veins  and  the  lower  part  of  the 
left  superior  intercostal  vein. 
The  azygos  minor  veins  open 
into  the  azygos  major  bj  the 
two  transverse  anastomosing 
channels  which  form  between 
the  upper  parts  of  the  cardinal 
veins. 

The  upper   part  of   the 
iaferioT   rena    cava    is    de- 
veloped as  an  outgrowth  from 
the  oommon  trunk  farmed  by 
the     fusion    of    the    ductus 
venosus  with  the  right  hepatic 
vein.     It  grows  downwards,        '"'     '    " 
behind  the  liver  and  along  the  ^'"«^  /Ji-" 
right  side  of   the   vertebral         ^^^  ^^J^, 
column,  to   the   interval    be-  cardinal 

tween  the  kidneys,  where  it 
divides  into  two  br&nches,  of  which  the  right  anastomoses 


Bigbt 


Right  InUnul  lliai 


DsvmjiPMBNT  OF  TBB  VKHODa  Ststbm  ( Diagram mBtic). 
'be    left  nmbilicsal   bu  joined  the  upper  part   of  the  left 
leia  ;  the  ductna  venoaus  and  the  upper  part  of  the  inferior 
.  have  appeared,  end  portiona  of  tlie  primitive  jugular  and 
'eiiis  have  atrophied. 


'ith  the  right  cardinal  vein 

'  The  account  whicb  has  been  given  of  the  primitive  jugnlsr  veins  ia  that  which  has  been  generally  accepted 
for  many  yeara,  but  in  1885  Salia's  obwrvationn  on  the  gninea-pig  led  him  to  dispute  the  oorrectneas  of  the 
description,  end  Mull's  recent  inTesligations  on  human  embryoa  confirm  Salia'a  work.  From  the  remits  of 
the  investigations  of  these  oliBervera  it  appears  that  the  extemsl  jngnlar  vein  is  r  secondary  vein,  and  the 
internal  jugular  is  part  of  the  primitive  jugular  which  OTiginally  extended  forwards  to  the  anterior  end  of  the 
superior  loDgitndinal  sintn.  Its  connection  with  the  sinus  is  soon  lost,  and  the  only  inlracrnnial  remainder  of 
the  primitive  vein  ii  the  cavernous  sinni. 
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at  the  level  of  the  renal  vein ;  it  receives  the  suprarenal  vein,  and  it  terminates  in  a 
tapering  extremity  which  is  said  to  become  the  spermatic  vein  of  the  right  side.  The 
left  branch  passes  across  the  front  of  the  aorta  below  the  superior  mesenteric  artery,  and 
unites  with  the  left  cardinal  vein  at  the  point  of  the  entrance  of  the  renal  vein.  It  gives 
off  an  upper  branch  which  becomes  the  left  suprarenal  vein,  and  a  lower  which  becomes 
the  left  spermatic  vein.  As  before  pointed  out,  the  left  cardinal  vein  disappears  between 
the  renal  vein  and  the  left  common  iliac  vein,  whilst  the  right  remains  as  the  lower  part 
of  the  inferior  vena  cava.  The  left  division  of  the  upper  part  of  the  inferior  vena  cava, 
which  crosses  the  aorta  below  the  superior  mesenteric  artery,  remains  as  the  inner  portion 
of  the  left  renal  vein,  which  therefore  receives  the  left  spermatic  and  left  suprarenal  veins 
as  tributaries. 

The  Veins  of  the  Limbs. 

Two  sets  of  veins  are  developed  in  each  limb,  the  superflcial  and  the  deep ;  the  former 
are  the  primary  vessels,  and  as  a  rule  they  are  quite  apart  from  the  limb  arteries ;  the 
deep  veins  are  secondary,  and  they  accompany  the  arteries  of  the  limb. 

At  the  peripheral  extremity  of  each  limb  a  venous  arch  is  developed,  which  i:i  subse- 
quently connected  with  the  digital  veins.  In  the  upper  extremity  the  arch  terminates  on 
the  ulnar  (post-axial)  side  of  the  limb  in  a  trunk  which  afterwards  becomes  the  posterior 
ulnar,  basilic,  axillary,  and  subclavian  veins.  At  a  latter  period  additional  superficial 
vessels  are  formed,  and  of  these  a  median  vein  which  drains  the  palm,  and  a  radial  which 
commences  on  the  radial  side  of  the  dorsum  of  the  hand,  are  the  most  important  The 
radial  passes  up  the  preaxial  border  of  the  limb,  becomes  the  cephalic,  and  for  a  time 
terminates  in  the  primitive  jugular  vein  ;  ^  this  connexion  is  usually  lost,^  and  a  new  com- 
munication is  formed  with  the  axillary  vein.  The  median  vein  ends  in  an  anastomosing 
vessel  between  the  basilic  and  cephalic  veins  at  the  elbow,  and  through  which  it  aho 
communicates  with  the  deep  veins. 

In  the  lower  extremity  the  peripheral  venous  arch  terminates  in  a  fibular  or  post-axial 
trunk,  which  remains  in  the  adult  as  the  external  saphenous  vein ;  its  connexion  with  the 
sciatic  vein,  which  was  its  original  continuation  upwards,  is  soon  lost,  and  a  new  com- 
munication is  formed  with  the  popliteal  vein. 

The  internal  saphenous  vein  is  a  later  development  which  appears  on  the  pre^oial 
border  of  the  limb,  and  terminates  in  the  femoral  vein. 

The  deep  veins  appear  as  a  series  of  anastomosing  channels  at  the  sides  of  the 
arteries. 

The  Pulmonary  Veins. 

The  pulmonary  veins  develop  simultaneously  with  the  lungS,  and  at  first  the  veins 
from  both  lungs  unite  to  form  a  single  trunk,  which  enters  the  left  auricle  posteriorlyi 
close  to  the  auricular  septum ;  subsequently  the  single  trunk  is  absorbed,  and  two  veiu8» 
one  from  each  lung,  enter  the  left  auricle,  and  eventually,  as  the  result  of  further 
absorption,  two  veins  from  each  lung  terminate  in  that  cavity. 

The  Lymphatic  Vessels. — The  lymph  vessels  commence  as  outgrowths  from  the 
large  veins  at  the  root  of  the  neck  and  gradually  extend  throughout  the  body  by  a  pro- 
cess of  budding,  at  least  this  appears  to  be  the  case  in  the  pig.  The  growth  therefore  is 
from  the  centre  to  the  periphery,  and  the  communications  with  the  large  serous  cavities 
must  be  formed  secondarily. 
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In  conformity  with  the  general  plan  of  the  vertebrate  body,  the  vascular  system  is  essentially 
segmental  in  character.  This  is  obvious,  even  in  the  adult,  in  the  intercostal  and  lumbar  vevek 
It  is  distinguishable,  though  less  obvious,  in  the  vessels  of  the  head  and  neck  and  of  the  pelvi& 

The  segmental  arteries  and  veins  form  a  series  of  bilaterally  symmetrical  vessels,  each  uf 
which  is  united  to  the  vessels  of  adjacent  segments  by  intersegmental  channels,  which  auastomo^' 
with  one  another,  through  the  portions  of  the  segmental  vessels  which  they  connect  togethf  r, 
and  thus  form  longitudinal  trunks.  The  longitudinal trimks  are  mainly,  though  not  exclusively, 
intersegmentaL  From  them  the  main  stem  vessels  of  the  individual  are  formed,  and  from  or  to 
these  latter  the  segmental  vessels  appear  to  proceed  as  branches  or  tributaries. 

In  the  course  of  development  tne  longitudinal  trunks  become  the  most  important  trunks  in 
the  individual,  and  they  are  formed  before  the  segmental  vessels  make  their  appearance 

'  See  note  on  page  937. 

'  In  certain  cases  it  remains,  and  then  the  cephalic  vein  crosses  the  front  of  the  cUricle  and  termifiattf 
in  the  external  Jugular  Tein. 
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The  Seghbntil  Artebigs  and  theib  Anastomoses. 

1  longitudinal  trunkfi  si«  the  primitive  aortfe.     The  descending  aorta  is  formed,  ii 


Fio.  675.— DiAOBiM  0 


s  CiFHAua  AoRTio  Aacnea,  ahd  of 

4  THK  RSQION   IN   FRONT  OF  T 


>   iNTEHSEaMIHTU. 


Pa.T.  Post'tmiiTerm  uiutomiMLa. 

Pt.C.  Pra-coataJ  la&atomosia. 

P.V.A.  Primitive  Teatrai  aorta. 

So.S.A.  1,   2,  3,   4,  S,  6,   7,   9.  Somatic  i^meiitBl 

Sp.S.A.  SpUnchnic  svgmenU]  arlerifs. 

V.D.  Veotnl  dlviainn  of  ■  ■omatic  MgniCDtal  utery. 

V.E.D.  Branch  to  vintral  eDteric  dlverticalum. 

V.V.  Vitelline  vexaela. 


V.3p.      Ventral  spluichnic  auastomosis. 


C.A.A,  I,  JI,  III,  IV,  V.  The  cephalic  aortio  arch«. 
Co.         Aoutomoaing  Teaeel   between  the  primitive 

ventral    aorta    and    the    ventral    somatic 

anaatomoaii. 
D.D^      Dorsal  divixion  of  a  somatic  Begmental  artery. 
D.Sp.     Dorsal  splanchnic  auastomoiis. 
L.B.        Lateral  branch  of  ventral  division  or  aomatic 

segmental  artery. 
L.E.D.   Branch  to  lateral  eutoric  diverticulum. 
P.D.A.  Primitive  donal  aorta. 
PtkC     Poat-coatil  anutoraoais. 

the  greater  part  of  ii 
the  segmental  arteric 

In  a  tjTiical  segment  of  the  Dody 
of  the  embryo  there  are  three  Beg- 
mental arteries  on  each  side.  One 
riees  from  the  dorsal  surface  of  the 

Srimitive dorsal  aorta,  t.e,  from  the 
oreal  loncitudinal  trunk,  and  runs 
outvards  m  the  tissues  developed 
ftom  the  somatic  mesoderm  ;  it  is 
distributed  to  the  body  wall,  in- 
cluding the  spinal  column  and  its 
contents,  and  is  termed  a  lomatic 
Hgmental  artery.  A  second  vessel 
rises  from  the  side  of  the  primitive 
dorsal  aorta ;  it  is  distributed  to 
the  structures  developed  from  the 

intermediate    cell    mass,   viz.    the   Fig.  676.— DuoHiB  of  tb«  Caudal  f 
suprarenal  body,  the  kidney,  and  Seohental  and  Intbrseombhtal  ABTniKa  i 

the  ovary  or  testicle,  and  it  is  ac-  mama  rat  UdBrLicos. 

cordinglj  termed  the  Intermediate  Cd.A.A.  Candal  aortic  arch. 
Titceral  artery.  The  third  artery,  D.Sp.  Dorsal  splanchnic 
which  is  known  as  the  Bplanchnic  "' 

UKmsntal  artery,  springs  from  the    ^■^■ 
ventral  surface  of  the  descending  ^^"^ 
aorta.     It  runs  in   the  tissues  de-   p  p  , 
veloped  from  the  splanchnic  meso-   pV  a! 
derm,  and  supplies  the  wall  of  the 
alimentary  canal 

The  lonuitic  segmental  uteti«8  form  in  the  earl^  cmbtro  a  regular  series  of  paired  vessels 
throughout  the  cervical,  dorsal,  lumbar,  and  sacral  regions.  It  is,  however,  only  in  the  doraal  and 
lumbar  regions  that  their  original  characters  are  retained.    The  paired  vessels  pass  backwards 


Middle  sacral  artery. 
Parietal     branch      rni 

caodal  arch. 
Primitive  doraal  aorta. 
Primitive  ventral  ao 
V.V. 


So.S.A.     Somatic     segmental 
Sp.8.A.    Splanchnic    segmental 

V.E.D.  (Hy).  Braniji  to  a  ventral 
enteric  diverticulum. 

Vi.C.        Visceral  branch  from  tbe 
a.  caudal  arch, 

iteltine  vessels. 
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by  the  sides  of  the  vertebrae,  and  divide  into  dorsal  and  ventral  branches  which  accompany  the 
corresponding  anterior  and  posterior  primary  divisions  of  the  spinal  nerves. 

The  ventral  branches  run  outwards  between  the  ribs  in  the  dorsal  region,  and  in  correspond- 
ing positions  in  the  lumbar  region.  They  are  connected  together,  near  their  commencements,  by 
a  series  of  precostal  anastomoses  which  pass  in  front  of  the  necks  of  the  ribs,  and  they  are  also 
connected  together  near  their  terminations  by  ventral  anastomosing  channels  which  run  in  the 
thoracic  region  behind  the  costal  cartilages,  and  in  the  lumbar  region  behind  or  in  the  substance 
of  the  rectus  abdominis  muscle.  Each  ventral  branch  gives  off  a  lateral  offset  which  is  distributed 
like  the  lateral  cutaneous  branch  of  a  spinal  nerve. 

The  dorsal  branches  run  backwards  between  the  transverse  processes  of  the  vertebrae ;  they  are 
connected  behind  the  necks  of  the  ribs  by  post-costal  anastomoses,  and  again  behind  the  transverse 

processes  of  the  vertebrie  by 
post-transverse  anastomosing 
channels.  Moreover,  each 
dorsal  branch,  as  it  passes  by 
the  corresponding  interverte- 
bral  foramen,  gives  off  a  spinal 
offaet  which  enters  the  spinal 
canal  along  the  corresponding 
nerve-root,  and  divides  into  a 
dorsal,  a  ventral,  and  a  neural 
branch.  The  dorsal  branches 
of  these  spinal  arteries  are  con- 
nected together  along  the 
ventral  surfaces  of  the  lamine 
by  pre-laminar  anastomoses, 
and  the  ventral  branches  are 
united  on  the  dorsal  surfaces 
of  the  vertebral  centra  with 
their  fellows  above  and  below 
bv  poet-central  anastomosee; 
tne^  are  also  united  with 
their  feUowB  of  the  opposite 
side  by  transverse  communi- 
cating channels.  The  nenral 
branches  of  the  spinal  arteries 
divide  similarly  into  dorsal 
and  ventral  branches;  the 
dorsal  branches  of  each  side 
are  connected  together  by  post- 
neural  anastomoses,  and  the 
ventral  branches  unite  in  the 

»      A*,.,     vv  .  ^  middle  line  both  with  their 

Fig.  677.— Diagram  showing  the  Arrangement  and  Communications   fpii™.  ^hovp  and  hplow  and 

OF  THE  Segmental  and  Intersegmental  Arteries  at  an  early      .^?Tt  *^7^,*^^  ^^?^  ?r* 

SfAGB  OF  Development.  with  those  of  the  oppositeade, 

forming  a  single  longitudinal 
a ;  D.Sp,  Dorsal  splanchnic  anastomosis  ;  In,  Intestine  ;  I.V,  Inter-    pre-neural  trunk, 
late  visceral  artery  ;  L.B,  Lateral  branch  of  the  ventral  division  of   ^    j^  ^jl    doraaland  lumbar 

a  somatic  segmental  artery;  P.C,  Post-central  anastomosis;  P.D.A,    «««:^„„«r+i,^i i„*i.^^,«««;- 

Primitive  doml  aorta;  Po.C,  Post-costal  anastomosis;  Po.N,  Post-  regions  of  the  body  the  somaUc 
neural  anastomosis;  PaT,  Post-transverse  anastomosis;  Pr.C.  Pre-  segmental  artenea  Ders^t  ana 
costel  anastomosis  ;  Pr.L,  Pre-laminar  anastomosis  ;  Pr.N,  Pre-neural  [^rm  the  intercos^  and  lum- 
anastomosis ;  So.S.A,  Somatic  segmental  artery  ;  Sp.S.A,  Splanchnic  bar  arteries.  These  vessels 
segmental  artery ;  V.B.D,  Branch  to  a  ventral  enteric  diverticulum  ;  spring  from  the  dorsal  aspect 
V.So,  Ventral  somatic  anastomosis;  V.Sp,  Ventral  splanchnic  ana-  oTthedescending aorta, usually 
stomosis.  in  pairs.     The  corresponding 

vessels  of  opposite  sides,  how- 
ever, occasionally  fuse  together  at  their  origins,  simultaneously  with  the  fusion  of  the  dorsal 
longitudinal  trunks  to  form  the  descending  aorta,  and  then  they  arise  by  common  stems. 

The  precostal  anastomoses  between  the  ventral  branches  of  the  somatic  segmental  arteries 
are  only  represented  in  the  dorsal  region  by  the  superior  intercostal  arteries ;  in  the  lumbar 
region  they  disappear  entirely.  The  anastomoses  oetween  the  anterior  ends  of  the  ventral 
branches  of  the  somatic  segmental  arteries  persist  as  the  internal  mammary  and  deep  epigastric 
arteries. 

The  lateral  offisets  of  the  ventral  branches  are  represented  by  the  cutaneous  arteries  which 
accompany  the  lateral  cutaneous  branches  of  the  spinal  nerves. 

The  post-costal  and  post-transverse  anastomoses  usually  disappear  in  the  dorsal  and  lumbar 
regions,  but  the  post-costal  anastomoses  occasionally  persist  in  the  upper  dorsal  region,  and  take 
part  in  the  formation  of  the  vertebral  artery,  whicn  in  such  cases  arises  from  the  first  or  second 
intercostal  artery.  In  some  carnivores  the  post-costal  longitudinal  vessels  persist  in  the  upper 
dorsal  region,  and  form,  on  each  side,  a  truuK  which  is  connected  with  the  first  aortic  intercostal, 
and  which  supplies  the  five  anterior  intercostal  spacea 

The  pre-laminar,  the  post-central,  and  the  pre-  and  pofit-neural  anastomoses  persist,  the  two 
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latter  aiding  in  the  formation  of 
the  dorsal  and  lumbar  portions  of 
the  pre-  and  post-spinal  arteries 
respectively. 

It  is  in  the  cervical  region,  how- 
ever, that  the  most  interesting 
changes  occur.  The  first  six  pairs 
of  somatic  segmental  arteries  lose 
their  connexions  with  the  dorsal 
roots  of  the  aortic  arches,  t.«.,  in  other 
words,  with  the  longitudinal  anasto- 
mosing channels  in  this  region.  The 
seventh  pair,  however,  persist  in 
their  entirety ;  and  from  them  are 
formed,  on  the  right  side,  a  portion 
of  the  subclavian  trunk,  and  on  the 
left  side  the  whole  of  the  subclavian 
stem  from  its  commencement  up  to 
the  origin  of  the  vertebral  artery. 
On  each  side  the  ventral  branch  of 
the  seventh  segmental  artery  forms 
that  portion  of  the  subclavian  artery 
whicn  lies  between  the  origins  of  the 
vertebral  and  internal  mammary 
arteries,  and  also  the  trunk  of  the 
internal  mammary  artery  as  far  as 
the  upper  border  of  the  first  costal 
cartilage.  The  remainder  of  the  in- 
ternal mammary  artery  represents  fiq.  678. — Diagram  of  the  Ssombntal  and  Intebsbgmbntal 
the  ventral  longitudinal  anastomoses  Artbbibs  at  a  latbr  Period  of  Dbvelopmbnt  than  in 
between  the  ventral  branches,of  the  Fio.  677. 

seventh  and  the  following  somatic  q^  Coelom  ;  D.A,  Dorsal  aorto  ;  D.Sp,  Dorsal  splanchuic  anastomosis ; 
segmental  arteries.     The  continua-  i^,  intestine ;  V.E.D,  Branch  to  ventral  enteric  diverticulum  ; 

tion  of  the  subclavian  artery,  beyond  V.Sp,  Ventral  splanchnic  anastomosis, 

the  inner  margin  of  the  first  rib,  is 

the  persistent  and  enlarged  lateral  offset  of  the  ventral  branch  of  the  seventh  somatic  segmental 
artery,  which  is  continued  outwards  into  the  upper  limb  behind,  or  postaxial  to  the  shoulder  girdle. 
The  thyroid  axis  and  the  superior  intercostal  artery,  both  branches  of  the  subclavian  artery,  ai-e 

persistent  pre-costal  anastomoses,  and 
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the  ascending  cervical  artery  belongs  to 
the  same  series  of  vessels.  The  verte- 
bral artery,  which  appears  as  a  branch 
of  the  subclavian  in  the  adult,  is  mor- 
phologically somewhat  complex.  The 
first  part  represents  the  dorsal  branch 
of  the  seven  tn  somatic  segmental  artery ; 
the  second  part,  that  passing  through 
the  cervical  transverse  processes,  con- 
sists of  the  persistent  post-costal  an- 
astomoses between  the  first  seven  seg- 
mental arteries;  a  third  part,  that 
lying  on  the  arch  of  the  atlas,  is  the 
spinal  branch  of  the  first  somatic  seg- 
mental artery  and  its  neural  continua- 
tion ;  whilst  finally  the  upper  part  of 
the  vertebral  artery,  that  in  the  cranial 
cavity,  appears  to  represent  a  prolonga- 
tion of  the  preneural  anastomoses, 
which  still  farther  upwards  are  prob- 
ably represented  by  the  basilar  artery. 
As  already  stated,  the  post-costal  an- 
Fio.  679.-DIAGRAM  SHOWING  THE  Arbanqement  AND  CoM-  ^stomoses  bclow  the  seventh  segmental 
MUNiCATioNs    OP    THE    SEGMENTAL    Artbribs    IN    THE  ^^tciy  occasioually  pcrsist,  auQ  lu  such 
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Region  op  the  Cephalic  Aortic  Arches. 


cases  the  vertebral  may  lose  its  con 

^    ,   ,  .        ,  ,  ,        ,    nexion  with  the  subclavian,  and  spring 

C.A.A,  Cephalic  aortic  arch  ;  In,  Intestine j^  L.B,  Lateral  branch  f^^^  ^^g  ^j.  ^^^^^  ^f  ^he  dorsal  branches 
of  a  somatic  segmental  artery ; 
enteric  diverticulum 


I. n  r.   /  h*^?'  ^T'^  ^  ' i'nT'  of  the  iPPer  intercostal  arteries. 
P.C,  Post-central  anastomosis ;  P.D.A,         mi     '^'^    r     ^  •  •       _x         •     x 

'  ^         The  profunda  cervicis  artery  is  to 


Primitive  dorsal  aorta  ;  Po.C,  Post-costal  anastomosis;  Po.N,  ,  -v   ,  ^    r  xir 

Post-neural  anastomosU  ;  Po.T,  Post-transverse  anastomosis ;  ^  regarded  as  a  remnant  of  the  post 
Pr.C,  Pre-costol  anastomosis ;  Pr.L,  Pre-laminar  anastomosis ;  transverse  longitudinal  anastomoses. 
Pr.N,Pre-neural  anastomosis;  P.  V.  A,  Primitive  ventral  aorU;         The  origin  of  the  seventh  somatic 
8o.S.  A,  Somatic  segmental  artery  ;  V.E.D,  Branch  to  a  ventral  segmental  arterj  from  the  dorsal  longi- 
enteric  diverticulnm  ;  V.So,  Ventral  somatic  anastomosis.      tudinal  trunk  is  at  first  some  distance 
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behind  the  fifth  aortic  arch,  but,  simultaneously  with  the  elongation  of  the  neck  and  the  retrac- 
tion of  the  heart  into  the  thoracic  region,  it  is  shifted  forward  until  it  is  opposite  the  dorsal 
end  of  the  fourth  aortic  arch. 

The  middle  sacral  artery  is  formed  by  the  fusion  of  two  vessels,  each  of  which  springs  from 
the  primitive  aorta  in  exactly  the  same  manner  as  a  somatic  segmental  artery ;  it  may  therefore 
be  looked  upon  as  consisting  of  fused  somatic  segmental  vessels  which  have  been  prolonged 
backward  for  the  supplv  of  the  caudal  appendage.  It  is,  however,  commonly  regarded  as  the 
direct  continuation  of^  the  descending  aorta,  and  consequently  as  beinff  mainly  intersegmental 
Its  mode  of  origin  and  general  nature  do  not  lend  much  support  to  the  latter  view. 

The  intermediate  visceral  arteries  supply  the  organs  derived  from  the  intermediate  cell 
mass.  They  form  a  somewhat  irre^lar  series  of  vessels  in  the  adult,  but  presumably  in  the 
primitive  condition  there  was  a  pair  in  each  segment  of  the  body ;  many  of  these  disappear, 
nowever,  and  the  series  is  only  represented  in  the  adult  by  the  suprarenal,  the  renal,  and  the 
spermatic  or  ovarian  arteries — ^possibly,  also,  by  some  of  the  branches  of  the  internal  iliac  arteries. 

The  splanchnic  segmental  arteries  arise  in  the  embryo  from  the  ventral  aspects  of  the 
primitive  dorsal  aortae,  and  are  distributed  to  the  walls  of  the  alimentary  canaL  They  anasto- 
mose with  their  fellows  in  front  and  behind  in  the  dorsal  wall  of  the  gut ;  those  in  front  of 
the  umbilicus  also  communicate  together  on  the  ventral  wall  of  the  gut,  whilst  those  behind  the 
umbilicus  terminate  ventrally  in  the  posterior  sections  of  the  ventral  aortae. 

After  the  fusion  of  the  dorsal  longitudinal  trunks  to  form  the  descending  aorta,  the  origins  of 
the  splanchnic  arteries  in  each  segment  fuse  into  a  common  stem,  or  either  the  right  or  left  artery 
altogether  disappears,  whilst  at  a  later  period  the  majority  of  the  splanchnic  segmental  arteries 
lose  their  direct  connexion  with  the  descending  aorta ;  those  which  retain  their  connexion  are 
the  left  bronchial  arteries,  the  oesophageal  branches  of  the  aorta,  the  coeliac  axis,  and  the  superior 
and  inferior  mesenteric  arteries,  the  three  latter  vessels  greatly  increasing  in  size. 

The  coronary  or  gastric  branch  of  the  coeliac  axis,  as  it  passes  from  its  origin  to  the  small 
curvature  of  the  stomach,  represents  a  right  splanchnic  artery ;  the  remainder  of  the  coronary 
artery  and  the  pyloric  branch  of  the  hepatic  are  remnants  of  the  ventral  anastomoses  between  the 
splanchnic  arteries  in  front  of  the  umbilicus. 

The  splenic  artery  is  a  branch  given  off  from  a  splanchnic  artery  to  an  organ  developed  in  the 
eastric  mesentery,  and  the  hepatic  is  a  branch  from  the  ventral  splanchnic  anastomoses  to  the 
hepatic  diverticulum  from  the  wall  of  the  duodenal  portion  of  the  iore-^t 

The  superior  and  inferior  mesenteric  arteries  represent  at  their  origins  splanchnic  branches, 
and  in  the  remainder  of  their  extent  the  dorsal  anastomoses  on  the  gut  wall 

The  Aorta,  Pulmonary  Artery,  and  other  Chief  Stem  Vessels. 

The  heart  and  the  majority  of  the  great  arterial  trunks  of  the  body,  including  the  aorta,  the 
innominate,  part  of  the  right  subclavian,  the  common,  external,  and  greater  parts  of  the  internal 
carotids,  the  common  and  internal  iliacs,  and  the  pulmonary  arteries,  are  all  modified  portions 
either  of  the  primitive  aortas  or  of  the  aortic  arches.  The  developmental  changes,  whicn  result 
in  the  formation  of  the  vessels  named,  are  described  in  the  preceding  chapter,  and  the  morphology 
of  these  vessels  is  obviously  the  same  as  that  of  the  trunks  from  which  they  are  derived. 

It  will  be  sufficient,  therefore,  to  point  out  that  the  primitive  aortae  are  to  be  regarded 
as  the  greatly  enlarged  pre-central  or  pre-vertebral  longitudinal  anastomoses  between  the 
successive  segmental  arteries  of  each  side ;  obviously,  therefore,  each  primitive  aorta,  like 
the  rest  of  the  longitudinal  anastomoses,  consists  chiefly  of  inters^mental  elements  The  origins 
of  the  segmental  vessels  only  enter  into  its  formation  in  so  lar  as  they  connect  the  inter- 
segmental vessels  together,  and  so  complete  the  longitudinal  anastomoses. 

The  first  cephalic  aortic  arches  and  the  primary  caudal  arches  are  simply  portions  of  the 
primitive  aortse.  The  other  aortic  arches  have  possibly  a  different  morphological  significance, 
but  their  exact  nature  is  not  definitely  settled. 

The  second,  third,  fourth,  and  fifth  cephalic  aortic  arches  of  each  side  are  developed  in  the  un- 
divided mesoderm  of  the  head  region  behind  the  first  arch.  They  spring  from  the  anterior  part  of 
the  primitive  aorta  which,  after  the  head  fold  is  formed,  lies  on  the  ventral  aspect  of  the  fore-gut, 
and  they  extend  at  the  side  of  the  pharyngeal  part  of  the  fore-gut  to  the  dorsal  aorta.  Thus  in 
some  respects  they  resemble  segmental  vessels.  Behind  the  umbilicus  some  of  the  segmental 
splanchnic  arteries  pass  from  the  dorsal  to  the  ventral  aorta  in  the  splanchnic  mesoderm  on  the 
wall  of  the  alimentary  canaL  In  addition  to  the  vessels  already  mentioned,  there  are  given  off 
from  the  ventral  aortse  and  the  aortic  arches  a  series  of  branches  which  supply  ventral  and  lateral 
diverticula  from  the  alimentary  canal;  these  are  represented  in  the  adult  by  the  superior 
thyroid,  the  thyroidea  ima,  and  the  terminal  branches  of  the  hypogastric  arteries. 

Hiac  Arteries  and  their  Branches. — The  common  iliac  arteries  are  undoubtedly  formed 
from  the  primitive  aortic  longitudinal  vessels;  they  are  simply  those  portions  of  the  right 
and  left  primitive  aortae  respectively  which  lie  immediately  beyond  or  caudal  to  the  per- 
manent descending  aorta.  The  direct  continuation  of  each  is  the  primary  caudal  arch, 
which  forms  the  origin  of  the  superior  vesical  artery,  and  is  prolonged  as  the  hypogastric 
artery ;  these  continuous  channels  are  for  the  most  part  made  up  of  mterseffmental  vcssek 
So  also  are  the  permanent  vessels  into  which  they  are  transformed.  Reference  Has  already  been 
made  to  the  fact  that  the  primary  caudal  arch  almost  entirely  disappears,  and  that  a  secondary 
caudal  arch  is  developed  in  lieu  of  it  (p.  928). 

The  internal  iliac  arteries  are  almost  entirely  formed  from  the  secondary  caudal  archea    The 
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primary  caudal  arch,  beyond  doubt,  is  not  a  segmental  vessel ;  the  secondary  arch  may  be,  but 
this  is  still  unprovedL  The  branches  of  the  internal  iliac  artery  which  represent  offsets  of  the 
"  caudal  arch  portion  of  the  primitive  aortce  are  arranged  in  two  groups — (1)  a  visceral  set 
which  supplies  the  walls  of  the  hind-gut  and  the  genital  oigans,  and  (2)  a  parietal  set  which  is 
distributea  to  the  body  wall  and  to  the  hind-limbs.  The  branches  distributed  to  the  gut  prob- 
ably represent  the  segmental  splanchnic  vessels  given  off  from  the  dorsal  longitudinal  vessels ; 
those  to  the  genital  organs  appear  to  correspond  with  the  intermediate  visceral  branches,  for  they 
are  distributed  to  organs  derived  from  the  intermediate  cell  mass. 

The  parietal  set  are  to  be  regarded  as  modified  somatic  segmental  branches  of  the  dorsal 
longitudinal  trunks.  The  lateral  sacral  arteries  which  belong  to  this  group  represent,  in  the 
greater  parts  of  their  extent  at  least,  the  pre-costal  anastomoses. 

The  Limb  Arteries. 

In  all  probability  the  vessels  of  both  the  anterior  and  the  posterior  extremities  are  derived 
from  several  somatic  segmental  arteries,  the  majority  of  which,  nowever,  in  the  course  of  phylo- 
eenetic  development,  have  atrophied.  The  upper  limb  is  supplied  in  man  by  the  lateral  onset 
rrom  the  ventral  branch  of  the  seventh  somatic  s^mental  artery.  It  passes  out  into  the 
extremity  behind  the  shoulder  girdle,  courses  through  the  upper  arm,  enters  the  antecubital 
fossa,  and  is  continued  through  the  forearm,  in  the  early  stages,  as  the  anterior  interosseous 
artery,  to  the  deep  part  of  the  palm,  where  it  terminates  in  the  deep  palmar  arch.  At  a  later 
period  a  median  artery  is  ^ven  off  from  the  parent  stem,  and  it  terminates  in  a  superficial 
palmar  arch ;  still  later  tne  radial  and  ulnar  branches  are  given  off.  The  latter  grow 
rapidly,  soon  exceeding  in  size  the  parent  stem,  and  they  terminate  in  the  superficial  and 
deep  palmar  arches.  The  interosseous  and  median  arteries  decrease,  and  generally  lose  their 
direct  connexions  with  the  palmar  arches.  The  posterior  interosseous  artery  is  also  a 
secondary  branch  from  the  parent  stem,  and  the  digital  arteries  are  offsets  from  the  palmar 
arterial  arches. 

The  chief  arteries  of  the  lower  extremities  spring  directly  from  the  caudal  arches,  and  may  be 
looked  upon  as  being  essentially  segmental ;  whether  they  represent  the  whole  or  only  parts  of 
typical  somatic  segmental  arteries,  however,  is  not  clear. 

The  arteries  of  the  hind-limbs  certainly  show  no  very  obvious  indications  of  division  into 
dorsal  and  ventral  branches,  though  such  indications  are  not  entirely  wanting.  In  their  com- 
parative absence  it  is  supposed  that  the  dorsal  branches  have  been  either  suppressed  or  incor- 
porated with  the  common  stems ;  that  similarly  the  ventral  branches  and  their  lateral  offsets 
are  indistin^ishably  fused,  and  that  probably  both  are  represented  in  a  limb  artery. 

The  original  stem  vessel  of  the  lower  limb  is  the  sciatic  artery,  which  is  continued  down- 
wards behind  the  pelvic  girdle  into  the  popliteal  and  peroneal  arteries,  and  so  to  the  plantar 
arch.  Subsequently  the  external  iliac  artery  is  given  off  from  the  caudal  arch  above  the  origin 
of  the  sciatic,  and,  passing  into  the  limb  in  front  of  the  pelvic  girdle,  it  becomes  the  femoral 
artery.  This  vessel  ultimately  unites  with  the  upper  part  of  the  popliteal  artery,  and  after  this 
communication  is  established  the  lower  part  of  the  sciatic  atrophies  and  loses  its  connexion 
with  the  popliteal,  which  henceforth  appears  to  be  the  direct  continuation  of  the  femoral  trunk ; 
therefore,  wnilst  the  main  artery  of  the  upper  limb  is  formed  bv  the  prolongation  of  the  lateral 
branch  of  one  segmental  artery,  the  corresponding  vessel  of  the  lower  extremity  is  developed 
from  representatives  of  two  somatic  segmental  arteries,  the  external  iliac  and  femoral  trunks 
being  the  representatives  of  one,  whilst  the  popliteal  and  its  continuation,  the  peroneal,  are 
parts  of  another. 

The  first  main  artery  of  the  leg  is  the  peroneal,  which  is  continued  into  the  plantar  arch  ; 
after  a  time,  however,  the  posterior  and  anterior  tibial  branches  are  given  off  from  the  stem, 
over  which,  as  a  rule,  they  soon  preponderate  in  size,  and  they  terminate  in  the  plantar  arch, 
whilst  the  parent  trunk  (uminishes  and  loses  its  direct  connexion  with  the  arch. 

The  peroneal  artery  corresponds  in  position  and  development  with  the  interosseous  trunk 
and  the  anterior  interosseous  artery  in  the  forearm.  The  posterior  tibial  apparently  corre- 
sponds with  the  median  arte'r^;  it  develops  in  a  similar  way,  and  has  similar  relations  to 
homologous  nerves,  the  posterior  tibial  nerve  representing  the  combined  median  and  ulnar 
nerves  of  the  upper  extremity. 

The  anterior  tibial  artery  represents  the  posterior  interosseous,  whilst  the  radial  and  ulnar 
arteries  of  the  upper  extremity  are  not  represented  in  the  lower  limb. 

MORPHOLOGY   OF  THE  VEINS. 

Two  dorsal  longitudinal  vessels,  one  on  each  side,  connect  the  successive  segmental  veins 
together.  They  do  not,  however,  in  any  part  of  their  coui*se,  fuse  together  to  form  a  single 
vessel  comparable  to  the  descending  aorta. 

Of  these  dorsal  longitudinal  vessels,  that  on  the  right  side  greatly  enlarges,  and  from  it  the 
main  stem  vessels  which  return  blood  from  the  body  walls,  the  head  and  neck,  and  the  limbs,  are 
almost  entirely  formed.  The  left  dorsal  longitudinal  vessel  remains  relatively  small — in  parts, 
indeed,  it  altogether  disappears — and  the  blood  conveyed  to  it  by  the  corresponding  segmental 
veins  is  transmitted  across  the  middle  line  to  the  chief  functional  stem  by  later  developed  and 
superadded  transverse  communicating  channels,  which  are  formed  between  the  more  primitive 
longitudinal  anastomoses. 
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The  primitive  dorsal  longitudinal  anastomosing  channels  include  on  each  side  (1)  the  primi- 
tive jugular  vein,  (2)  the  primitive  cardinal  vein,  and  (3)  the  duct  of  Cuvier ;  the  last-named 
veasel,  however,  is  not  so  much  a  longitudinal  anastomosis  as  a  communicating  channel  hetweeu 
the  longitudinal  anastomoses  and  the  heart,  for  it  is  formed  bv  the  junction  of  the  primitive 
jugular  and  cardinal  veins,  and  opens  into  the  sinus  venosus  of  the  primitive  heart 

From  these  vessels,  and  from  the  transverse  communications  which  are  established  between 
the  primitive  jugular  and  cardinal  veins  of  opposite  sides,  the  chief  veins  of  the  head  and  neck 
and  the  body  are  formed ;  there  are  in  addition,  however,  three  later-formed  vessels  from  which 
some,  or  portions  of  some,  of  the  main  stem  vessels  of  the  body  are  evolved.  These  later-formed 
vessels  are  the  two  internal  jugular  veins,^  and  the  upper  part  of  the  inferior  vena  cava,  whilrt 
from  the  latter  of  these  portions  of  the  renal  veins,  the  suprarenal  veins  and  the  spermatic 
or  ovarian  veins  are  possibly  developed  as  offsets ;  moreover,  it  must  not  be  forgotten  that  the 
veins  of  the  extremities  are,  like  the  extremities  themselves,  secondarv  structures,  and  that  they 
are  developed  at  a  later  period  than  the  veins  of  the  trunk,  with  which,  however,  they  ultimately 
communicate. 

In  the  li^ht  of  these  facts  the  morphology  of  the  chief  veins  of  the  trunk  and  limbs  may 
now  be  considered. 

The  external  jugular  vein  is  obviously  a  portion  of  an  intersegmental  anastomosis,  for  it  is  part 
of  the  primitive  jugular  vein,  which  originally  extended  from  the  internal  occipital  protuberance 
to  the  post-condyloid  foramen,  and  thence  to  the  duct  of  Cuvier.  During  the  course  of  develop- 
ment tne  intracranial  ^art  of  the  primitive  jugular,  on  each  side,  is  converted  into  the  horizontal 
portion  of  the  lateral  sinus  and  tne  occasionally  persistent  squamo-petrosal  sinus ;  outside  the 
cranium  the  trunk  of  the  temporo-maxillary  vein,  the  whole  of  the  external  iugular  vein,  and 
that  portion  of  the  subclavian  vein  which  intervenes  between  the  external  ana  internal  jugular 
veins,  are  formed  from  the  primitive  jugular.  On  the  right  side  the  ri^ht  innominate  vein 
and  the  upper  part  of  the  superior  vena  cava  are  also  form^  from  the  primitive  jugular  vein, 
whilst  on  tne  left  side  the  lower  portion  of  the  vessel  becomes  the  upper  part  of  the  left  superior 
intercostal  vein.* 

After  the  formation  of  the  limbs  the  primitive  jugular  receives  the  pre-axial  and  poet-axial 
veins  of  the  fore-limb  of  the  same  side,  which  pass  respectively  along  the  radial  and  ulnar 
borders  of  the  limb ;  both  join  the  primitive  jugular  vein,  the  former  above  and  the  latter 
below  the  clavicle.^  Subsequently,  however,  the  pre-axial  vein  of  the  fore-limb  loses  its  connexion 
with  the  primitive  jugular  vein,  and  opens  below  the  clavicle  into  the  post-axial  vein,  and  the 
upper  part  of  that  vess^  becomes  the  outer  part  of  the  subclavian  vein,  t.e.  that  portion  of  the  sub- 
clavian vein  which  extends  from  the  outer  border  of  the  first  rib  to  the  entrance  of  the  external 
jugular  vein,  the  remainder  of  the  subclavian  being  formed  by  the  portion  of  the  primitive 
jugular  vein  which  intervenes  between  the  entrance  of  the  pre-axial  vein  and  the  junction  witb 
the  internal  jugular  vein. 

The  internal  jugular  vein  is  a  newlv  formed  anastomosing  vessel  which  commences  from  the 
primitive  jugular  vein  at  the  root  of  the  neck  and  grows  upwards  to  the  base  of  the  skull, 
where  it  passes  through  the  jugular  foramen,  and  ascends  along  the  inner  surface  of  the  mastoid 

Fortion  of  the  temporal  bone  to  join  the  lateral  sinus,  of  which  it  becomes  the  sigmoid  portion, 
t  probably  represents  a  dorsal  splanchnic  intersegmental  venous  anastomosis.^ 

The  innominate  vein  of  the  left  side  is  an  enlarged  transverse  anastomosis  between  the  two 
primitive  jugular  veins,  and  the  corresponding  vessel  on  the  ri^ht  side  is  the  portion  of  the 
right  primitive  jugular  vein  which  lies  between  the  origin  of  the  right  internal  jugular  vein  and 
the  transverse  anastomosis  between  the  two  primitive  jugular  veins. 

The  superior  vena  cava  is  also  formed  from  the  primitive  longitudinal  anastomosis  on  the 
right  side ;  the  upper  portion,  which  lies  above  the  entrance  of  the  azygos  vein,  bein^  the  lower 
part  of  the  right  primitive  jugular  vein,  and  the  lower  portion,  which  is  enclosed  within  the  peri- 
cardium, is  the  persistent  right  duct  of  Cuvier, 

The  only  other  vein  formed  from  the  jugular  portion  of  the  dorsal  longitudinal  anastomosis 
is  the  upper  part  of  the  left  superior  intercostal  vein,  which  represents  the  part  of  the  left 
primitive  jugular  vein  lying  below  the  transverse  anastomosis  which  becomes  the  left  innomi- 
nate vein ;  occasionally  this  part  of  the  left  primitive  jugular  vein  becomes  enlarged,  and  formb 
a  vertical  left  innominate  vein  which  terminates  in  a  left  superior  vena  cava,  the  latter  being 
formed  from  the  left  duct  of  Cuvier.  This  arrangement  is  the  regular  and  normal  condition  in 
many  mammals. 

The  internal  iliac  veins,  the  right  common  iliac  vein,  the  lower  part  of  the  inferior  vena 
cava,  the  vena  azygos  major,  and  the  vertical  portions  of  the  upper  and  lower  left  azygos  veins, 
and  part  of  the  left  superior  intercostal  vein,  are  all  parts  of  the  primitive  cardinal  veina.  They 
represent,  therefore,  portions  of  the  dorsal  longitudinal  intersegmental  anastomoses. 

The  internal  iUac  veins  are  the  persistent  lower  sections  of  the  cardinal  veins,  and  their 
visceral  and  parietal  tributaries  probably  represent  more  or  less  modified  splanchnic  and  somatic 
segmental  veins. 

The  left  common  iliac  vein  may,  in  the  lower  part  of  its  extent,  represent  the  part  of  the  left 
cardinal  vein  immediately  above  the  junction  of  the  pre-axial  hind-limb  vein  with  the  latter 
vessel,  but  the  greater  part  of  it  is  an  enlarged  transverse  anastomosis  between  the  cardinal  reins 
at  the  level  of  the  pelvic  brim.    The  right  common  iliac  vein,  on  the  other  hand,  is  the  portion 

1  See  note  on  p.  937.  '^  Ibid, 

'  If  the  observations  recorded  on  p.  9S7  are  correct,  then  the  external  jugular  vein  is  not  the  primitive 
jugular  vein  but  a  newly-formed  vessel  into  which  the  pre-axial  vein  opens. 
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of  the  right  cardinal  vein  which  lies  between  the  entrance  of  the  limb  vein  and  the  transverse 
anastomosis  which  becomes  the  left  common  iliac  vein.  The  inferior  vena  cava,  from  its  com- 
mencement to  the  entrance  of  the  renal  veins,  is  a  portion  of  the  right  cardinal  vein,  and  the 
right  lumbar  veins  which  terminate  in  it  are  the  somatic  segmental  veins  of  the  right  side  of  the 
lumbar  region ;  whilst  the  left  lumbar  tributaries  are  the  left  lumbar  segmental  veins,  which  have 
been  transmitted  acixiss  the  middle  line  by  transverse  anastomosing  channels  which  connected 
the  lumbar  sections  of  the  cardinal  veins  together. 

The  upper  part  of  the  inferior  vena  cava  is  a  new  anastomosing  channel  formed  between  the 
upper  end  of  tne  right  hepatic  vein  and  the  right  cardinal  vein.  This  section  of  the  inferior 
vena  cava  grows  downwards  from  the  right  hepatic  vein. 

The  right  and  left  renal  veins  originaUy  terminated  in  the  corresponding  cardinal  veins, 
and  are  therefore  probably  intermediate  visceral  segmental  veins,  but  that  part  of  the  left  renal 
vein  which  crosses  the  middle  line  is  either  an  enlarged  transverse  anastomosis  between  the 
cardinal  veins,  or  an  outgrowth  from  the  lower  end  of  the  upper  part  of  the  inferior  vena  cava ; 
apparently  the  latter,  for  as  the  upper  section  of  the  inferior  vena  cava  grows  downwards  from 
the  right  hepatic  vein  it  divides  into  two  branches,  right  and  left,  each  of  which  joins  the 
corresponding  cardinal  vein  close  to  the  termination  of  the  renal  vein.  Before  it  fuses  with  the 
cardinal  vein  of  its  own  side,  each  of  the  terminal  branches  of  the  upper  section  of  the  inferior 
vena  cava  gives  off  branches  which  ultimately  become  the  suprarenal  and  spermatic  veins ;  there 
can  be  no  doubt,  however,  that  both  the  suprarenal  and  spermatic  veins  are  intermediate  visceral 
segmental  veins,  and  in  all  probability  they  originally  terminated  in  the  corresponding  cardinal 
veins,  their  development  from  the  upper  section  of  the  inferior  vena  cava  being  due  to  the 
production  in  the  embryo  of  a  conaition  which  has  been  secondarily  acquired  during  the 
development  of  the  speciea  If  this  is  the  case,  it  is  extremely  probable  that  the  left  spermatic 
vein  represents  not  only  an  elongated  intermediate  visceral  segmental  vein,  but  also  a  portion  of 
the  left  cardinal  into  which  it  opened. 

The  vena  azygos  major  is  the  persistent  upper  portion  of  the  left  cardinal  vein,  a  fact 
which  is  emphasised  by  its  frequent  connexion  with  the  inferior  vena  cava  at  the  level  of  the 
right  renal  vein.  The  right  intercostal  veins  which  open  into  the  vena  Azygos  major  are  somatic 
segmental  veins,  the  upper  three  or  four  of  which  have  united  together  by  pre-costal  anastomoses 
to  form  a  right  superior  intercostal  vein. 

The  vertical  portions  of  the  left  azygos  veins  are  remnants  of  the  left  primitive  cardinal 
vein,  and  their  transverse  portions  are  enlarged  transverse  anastomoses  comparable  to  the  left 
innominate  and  left  common  iliac  veina  The  left,  like  the  right  intercostal  veins,  are  segmental 
somatic  veins ;  but  whilst  the  right  superior  intercostal  vein  is  formed  by  pre-costal  anastomoses 
between  the  upper  three  or  four  dorsal  somatic  segmental  veins,  the  left  superior  intercostal  vein 
(Fig.  674)  represents  the  upper  part  of  the  left  cardinal  vein  and  the  part  of  the  left  primitive 
jugular  vein  below  the  transverse  anastomosis,  which  becomes  the  left  innominate  vein ; 
moreover,  the  left  superior  intercostal  vein  frequently  retains  in  the  adult  a  connexion  with  the 
oblique  vein  of  Marshall,  which  represents  the  left  duct  of  Cuvier,  by  means  of  which  both  the 
left  jprimitivejuj^ar  and  the  left  cardinal  veins  ori^nally  communicated  with  the  heart 

visceral  veins. — The  portal  vein  represents  portions  of  the  ventral  longitudinal  anastomosing 
vessels,  being  derived  from  the  vitelline  veins. 

The  pyloric  vein  is  a  splanchnic  intersegmental  ventral  longitudinal  anastomosing  vein.  The 
coronary  vein  is  partly  a  ventral  and  partly  a  dorsal  splanchnic  intersegmental  longitudinal 
anastomosis,  and  the  superior  and  inferior  mesenteric  veins  are  dorsal  sp&nchnic  longitudinal 
inteiseffmental  venous  anastomoses,  the  splenic  vein  being  merely  a  tributary  from  a  lymphoid 
organ  developed  in  the  dorsal  mesentery. 

The  facial  vein  is  a  combination  of  somatic  and  splanchnic  veins  of  several  segments,  and  the 
internal  maxillary  vein  is  probably  of  similar  nature.  The  thyroid  and  bronchial  veins  return 
blood  from  oigans  developed  from  diverticula  from  the  walls  of  the  alimentary  canal ;  they  are, 
therefore,  more  or  less  modified  segmental  splanchnic  veins ;  so  also  apparently  are  the  vesical  and 
the  middle  and  inferior  hssmorrhoidal  veins. 

The  cardiac  veins  are  simply  *'  vasa  vasorum,"  and  they  belong  therefore  to  the  splanchnic 
group  of  vessels,  but  it  is  impossible  to  say  whether  they  are  segmental  or  intersegmental  The 
coronary  sinus  into  which  they  open  is  a  portion  of  the  sinus  venosus  of  the  heart,  and  therefore 
of  an  originally  intersegmental  vessel 

The  hepatic  and  pimnonary  veins  are  new  vessels  which  return  blood  to  tht^  heart  after  the 
liver  and  lungs  have  been  interposed  in  the  vascular  system. 

It  is  noteworthy  that  some  parts  of  the  splanchnic  venous  system,  i.6.  the  portal  vein  and  the 
coronary  sinus,  are  portions  ot  the  most  primitive  vascular  system,  and  tnat  others,  i.e.  the 
thyroid,  bronchial,  mesenteric,  vesical,  and  haemorrhoidal  veins,  appear  to  belong  to  a  somewhat 
secondary  group  of  splanchnic  veins  of  combined  segmental  and  intei'segmental  character ;  more- 
over, some  of  the  secondary  ^oup  of  veins  open  into  the  primary  splanchnic  veins,  e.g.  the 
superior  and  inferior  mesenteric  into  the  portal  vein  ;  some  open  into  the  dorsal  longitudinal 
anastomosing  veins,  e,g.  the  vesical  and  haemorrhoidal  veins  open  into  the  cardinal  veins,  which 
are  intersegmental  anastomoses ;  others  again  open  into  an  entirely  new  vein,  viz.  the  internal 
jugular,^  which  is  developed  along  the  dorso-lateral  border  of  the  fore-pit,  and  which  is  therefore 
comparable  to  the  dorsal  venous  splanchnic  intersegmental  anastomosis,  which  in  the  abdominal 
region  becomes  converted,  after  fusion  of  the  vessels  of  opposite  sides,  into  the.  greater  parts  of  the 
superior  and  inferior  mesenteric  veins ;  the  latter,  however,  open  into  a  ventral  longitudinal 

^  See  note  on  p.  937. 
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anastomoeing  vessel,  the  portal  vein,  whilst  the  former  joins  a  dorsal  longitudinal  anastomosing 
trunk. 

Veins  of  the  Limbs. — The  veins  of  the  limbs,  like  the  arteries,  were  probably  at  one  time 
segmental  in  character,  but  we  have  no  absolute  proof  that  this  was  the  case.  Looked  at  from 
an  embryological  standpoint,  the  most  primitive  limb  veins  are  a  superficial  distal  arch  and 
a  post-axial  trunk  vein  m  each  extremity  ;  at  a  later  period  digital  veins  are  connected  with  the 
distal  arch,  and  a  pre-axial  trunk  is  formed.  In  the  upper  extremity  the  distal  arch  and  its 
tributaries  remain  as  the  dorsal  venous  arch  and  the  digital  veins,  and  the  post-axial  vein  becomes 
the  posterior  ulnar,  the  basalic  and  axillary  veins,  and  also  that  part  of  the  subclavian  vein  which 
lies  external  to  the  termination  of  the  external  jugular  vein,  the  remainder  of  the  subclavian 
vein  being  formed  from  the  primitive  iugular  vein  itself.  The  pre-axial  vein  of  the  upper 
extremity  is  represented  in  the  adult  by  tne  radial  and  cephalic  veins ;  the  latter  vessel  origimuly 
terminated  in  the  external  jugular  vein  above  the  clavicle,  the  union  with  the  axillary  portion  of 
the  poet-axial  vessel  being  a  secondary  condition  ;  the  primary  condition  is,  however,  frequently 
retamed  in  man,  and  is  constant  in  many  monkeys.  The  anastomosis  between  the  pre-axial 
and  post-axial  veins  in  the  region  of  the  elbow,  and  the  connexion  of  the  anastomosing 
channels,  is  brought  about  by  new^ly-formed  vessels  of  secondary  character. 

The  distal  arch  in  the  lower  extremity  and  the  tributaries  connected  with  it  remain  in  the 
adult  as  the  dorsal  venous  arch  of  the  foot  and  the  digital  veins.  The  post-axial  vein  becomes 
the  external  saphenous  vein,  which  was  originally  continued  upwards  as  the  sciatic  vein  to  the 
internal  iliac  portion  of  the  cardinal  vein  ;  its  connexion  with  the  popliteal  vein,  and  its  more 
occasional  connexion  with  the  internal  saphenous  vein,  being  brought  about  by  the  formation  ot 
secondary  anastomoses. 

The  pre-axial  vein  of  the  lower  lirab  becomes  the  long  saphenous  vein,  which  is  continued 
upwards  to  the  cardinal  portion  of  the  left  common  iliac  vein  as  the  upper  part  of  the  femoral 
and  the  external  iliac  veins. 

The  venae  comites  of  the  arteries  in  both  the  upper  and  lower  extremities  are  secondarily 
developed  vessels  which  become  connected  with  the  upper  portions  of  the  pre-axial  venous 
trunks. 


ABNORMALITIES  OR  VARIATIONS  OF  THE  VASCULAR 

SYSTEM. 

Abnormalities  are  of  special  interest  to  the  anatomist  because  ot  their  morphological  signifi- 
cance, and  the  vascular  system  is,  perhaps  more  than  any  other,  rich  in  such  abnormalities,  many 
of  which  are  of  great  practical  importance. 

With  the  exception  of  those  irregularities  which  are  directly  due  to  the  effect  of  morbid 
conditions  and  external  influences,  all  abnormalities  are  the  result  of  modifications  of  normal 
developmental  processes.  The  exceptions  referred  to  are,  however,  very  numerous  ;  thus  disease 
and  external  influences  may  lead  to  the  obliteration  of  vessels,  a  condition  which  is  invariably 
associated  with  the  enlargement  of  collateral  vessels,  and  it  will  be  obvious  that  abnormalities 
so  pixxiuced  may  occur  in  almost  any  situation. 

Abnormalities  which  are  determined  by,  or  are  dependent  upon,  modifications  of  the  usuhI 
developmental  pi-ocesses  are  of  greater  interest  In  the  human  subject  they  are  generally 
due  eitlier  to  the  i-etention  of  conaitions  which  normally  are  only  transitory,  or  to  the  acouire- 
ment  of  conditions  which,  though  not  as  a  rule  present  at  any  time  in  man,  occur  normally  in 
other  animals. 

There  are  in  addition  other  variations  froui  the  normal,  such  as  the  division  of  the  axillarv 
artery  into  radial  and  ulnar  branches ;  the  higher  or  lower  division  of  the  brachial  artery ;  the 
formation  of  "  vasa  aberrantia,"  e.g.  of  long  slender  vessels  connecting  the  axillary  or  bracnial  to 
the  radial,  ulnar,  or  interosseous  arteries ;  the  altered  position  of  certain  vessels,  as  e.g.  the  trans- 
ference of  the  subclavian  artery  to  the  front  of  the  scalenus  anticus,  or  of  the  ulnar  artery  to  the 
front  of  the  superficial  flexor  muscles ;  all  of  which,  though  undoubtedly  due  to  alterations  <»f 
ordinary  developmental  processes,  still  do  not  repi-esent  conditions  met  with,  either  temporarily 
or  permanently,  in  man  or  in  other  animala  Their  occurrence  cannot  at  present  be  adequatt-ly 
explained,  and  their  retention  is  entirely  dependent  upon  their  utility. 

To  the  first  and  last  of  these  difl'erent  groups  of  abnormalities  it  is  not  necessary  to  refer 
further,  whilst  with  regard  to  the  rest  it  will  be  sufficient  to  indicate  those  of  greatest 
importance.  They  can  only,  however,  be  fully  understood  and  explained  on  the  basis  of  a 
comprehensive  knowledge  of  the  development  and  morphology  of  tne  vascular  system,  to  the 
chapters  on  which  the  reader  is  referred. 

ABNORMALITIES  OF  THE  HEART. 

The  heart  may  be  transposed  from  the  left  to  the  right  side  of  the  body,  a  condition  which 
is  usually  associated  with  general  transposition  of  the  viscera,  and  with  the  presence  of  a  right 
instead  of  a  left  aortic  arch. 

The  external  form  of  the  heart  doej*  not  as  a  rule  vary  much,  but  occasionally  the  apex  i" 
slightly  bifid,  a  character  it  normally  possesses  at  an  early  stage  of  its  development,  and  which  u^ 
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retained  in  the  adult  in  many  cetaceans  and  sirenians.  The  internal  conformation  of  the  heart 
deviates  from  the  normal  much  more  frequently ;  more  particularly  is  this  the  case  with  regard 
to  the  septa  which  8e}>arate  the  right  from  the  left  chambers.  The  interauricular  septum  may 
be  entirely  absent,  as  in  fishes ;  it  may  be  fenestrated  and  incomplete,  as  in  some  amphibians ;  or 
the  foramen  ovale  may  remain  patent,  as  in  amphibians  and  reptiles. 

The  interventricular  septum  may  be  absent,  as  in  fishes  and  amphibians,  or  incomplete,  as  in 
reptiles ;  when  incomplete,  it  is  usually  the  "  pars  membranacea  septi "  which  is  deficient 

ABNORMALITIES  OF  ARTERIES. 

The  pulmonary  artery  and  the  aorta  may  arise  by  a  common  stem,  as  in  fishes  and  some 
amphibians,  and  the  common  stem  may  spring  either  from  the  right  or  the  left  ventricle,  or  from 
botn.  In  these  cases  the  aortic  bulb  has  remained  undivided,  and  the  normal  position  of  the 
interventricular  septum  in  relation  to  the  lower  orifice  of  the  aortic  bulb  has  been  altered. 

Again,  owing  to  malposition  of  the  aortic  septum,  the  pulmonary  artery  may  spring  from  the 
left  ventricle  and  the  aorta  from  the  right  ventricle.  In  some  cases  the  root  of  the  pulmonary 
artery  is  obliterated,  and  the  blood  passes  to  the  lungs  along  the  patent  ductus  arteriosus. 

Occasionally  the  arch  of  the  aorta  is  on  the  right  side  instead  of  the  left,  a  condition  which  is 
normal  in  birds.  More  rarely  there  are  two  permanent  aortic  arches,  right  and  left,  as  in  reptiles; 
the  oesophagus  and  trachea  in  these  cases  are  enclosed  in  a  vascular  collar,  the  two  arches  unite 
doraally,  and  the  beginning  of  the  descending  aorta  is  double.  Quite  independent  of  this  condi- 
tion, however,  the  two  primitive  dorsal  aortoe  sometimes  fail,  either  altogether  or  partially,  to 
unite  together,  and  the  descending  aorta  is  accordingly  represented,  to  a  corresponding  extent,  by 
two  tubes.  A  more  common,  though  still  rare,  form  of  double  aorta  is  that  due  to  the  persistence, 
in  whole  or  in  part,  of  the  septum  formed  by  the  fused  walls  of  the  primitive  aoreal  aortae 
from  which  the  descending  aorta  is  developed. 

The  length  of  the  descending  aorta  is  determined  largely  by  the  extent  to  which  fusion  of  the 
two  primitive  aortse  takes  place.  Accordingly,  when  this  deviates  from  the  normal,  the  termi- 
nation of  the  descending  aorta  is  at  a  correspondingly  higher  or  lower  level  than  usual,  and 
resulting  from  this  the  lengths  of  the  common  iliac  arteries  are  almost  invariably  proportionately 
modified.  The  bifurcation^  of  the  aorta  may  be  as  low  as  the  fifth  lumbar  vertebra,  less 
frequently  it  is  higher  than  usual ;  it  is  rare,  however,  to  find  it  higher  than  the  third  or  second 
lumbar  vertebra. 

The  aorta,  instead  of  bifurcating  into  two  common  iliac  arteries,  may  terminate  in  a  common 
iliac  artery  on  one  side  and  an  internal  iliac  artery  on  the  opposite  side,  the  external  iliac  artery 
on  the  irregular  side  arising,  at  a  higher  level,  as  a  branch  oi  the  aortic  stem.  This  arrangement 
approaches  the  condition  met  with  in  carnivores  and  many  other  mammals,  in  which  the  aorta 
bifurcates  into  two  internal  iliac  arteries,  the  external  iliacs  arising  from  the  aorta  at  a  higher 
level  as  lateral  branches ;  it  is  due  either  to  a  more  extensive  fusion  than  usual  of  the  primitive 
dorsal  aort&e,  or  to  the  origin  of  the  external  iliac  arteries  from  the  primitive  dorsal  aortae  being 
at  a  higher  level  than  is  ordinarily  the  case  ;  if  the  condition  is  due  to  the  latter  cause,  it  may 
be  that  the  external  iliac  arteries  in  carnivores,  and  the  external  iliac  arteries  which  occasionally 
rise  from  the  aorta  in  man,  are  somatic  segmental  arteries  of  a  higher  segment  than  the  normal 
external  iliac  arteries  of  the  human  subject 

The  Branches  op  the  Aorta. 

The  coronary  or  cardiac  arteries  may  arise  by  a  single  stem.  When  arising  separately 
both  may  spring  from  the  same  sinus  of  v  alsalva ;  or  again,  their  interventricular  and  transverse 
branches  may  aU  arise  as  distinct  vessels  from  a  single  sinus  of  Valsalva.  This  variability  is  not  so 
remarkable,  seeing  that  the  arteries  in  question  are  merely  enlarged  "  vasa  vasorum  "  raised  to  a 
position  of  special  importance  by  the  development  of  the  heart 

The  branches  of  the  arch  of  the  aorta  are  sometimes  increased  and  sometimes  decreased  in 
number. 

The  highest  number  recorded  is  six,  viz.,  right  subclavian,  right  vertebral,  right  common 
carotid,  left  common  carotid,  left  vertebral,  and  left  subclavian.  Apparently  this  condition  is  the 
result  of  the  absorption  of  the  innominate  artery  and  of  the  roots  of  the  subclavian  arteries, 
to  points  beyond  the  origins  of  the  vertebrals,  into  the  arch.  By  variations  of  this  process  of 
absorption  other  combinations  may  be  produced  ;  thus,  instead  of  the  roots  of  the  subclavian 
arteries  being  absorbed,  the  right  common  carotid  and  innominate  arteries  may  alone  be  absorbed, 
in  which  case  the  five  following  branches  spring  separately  from  the  arch  of  the  aorta :  right 
subclavian,  risht  external  carotid,  right  internal  carotid,  left  common  carotid,  and  left 
subclavian.  The  ti-unk  most  commonly  absorbed  is  the  initial  part  of  the  left  subclavian  ;  the 
number  of  branches  then  arising  from  the  arch  of  the  aorta  is  four,  the  additional  vessel 
being  the  left  vertebral,  which  arises  between  the  left  common  carotid  and  the  left  subclavian. 
Occasionally  the  usual  three  branches  from  the  arch  are  increased  to  four  by  the  formation  of  a 
new  vessel,  the  "  thyroidea  ima."  This  may  be  placed  between  the  innominate  and  left  carotid 
ti-unks,  in  which  case  it  represents  a  persistent  ventral  visceral  branch  from  the  ventral  root  of  the 
fourth  left  aortic  arch  ;  in  other  cases  the  thyroidea  ima  springs  from  the  innominate  artery  and 

*  It  is  to  be  observed  that  the  exact  point  of  bifurcation  of  the  aorta,  in  relation  to  the  vertebral 
column,  is  not  entirely  determined  by  the  length  of  the  descending  aorta. 
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represents  a  ventral  visceral  branch  of  the  ventral  root  of  the  fourth  right  arch.  Very  rarely 
the  right  vertebral  artery  arises  separately,  and  forms  a  fourth  branch  of  the  arch  of  the  aorta, 
the  rest  of  the  branches  being  normal.  This  condition  cannot  be  accounted  for  by  any  modifica- 
tion of  the  ordinary  developmental  processea  It  may  possibly  be  due  to  the  persistence  of  an 
irregular  or  unimportant  anastomosis  between  the  ventral  root  of  an  aortic  arch  and  the  eeventli 
somatic  segmental  artery. 

Decrease  in  the  number  of  branches  from  the  arch  of  the  aorta  is  most  frequently  due  to 
fusion  of  the  ventral  roots  of  the  fourth  aortic  arches,  the  result  being  that  a  stem  is  formed 
common  to  the  right  subclavian  and  the  right  and  left  common  carotid  arteries ;  whilst  the  left 
subclavian,  arising  separately,  is  the  only  otl^er  branch  which  springs  from  the  arch  of  the  aorta. 

If  the  fusion  of  the  ventral  roots  proceeds  further  and  includes  those  of  the  third  arches,  the 
result  as  regards  the  branches  given  off  from  the  arch  of  the  aorta  is  the  same,  viz.  there  is  a 
common  stem  for  the  right  subclavian  and  both  carotids,  and  a  separate  left  subclavian  trunk ;  hut 
the  common  stem  now  gives  off  the  right  subclavian  artery,  and  then  continues  as  a  single  vessel 
for  some  distance  before  it  divides  into  the  two  common  carotids,  of  which  the  left  crosses  in 
front  of  the  trachea.  This  arrangement  is  common  in  many  quadrumana  and  in  some  other 
mammals. 

It  is  only  very  occasionally  when  the  number  of  branches  from  the  arch  of  the  aorta  \b 
reduced  to  two,  that  these  consist  of  a  right  subclavian  artery  and  of  a  single  stem  common  to 
the  two  carotids  and  the  left  subclavian  arteries.  In  such  cases,  however,  the  right  common 
carotid  crosses  m  front  of  the  trachea,  and  the  variation  is  one  of  practical  importance.  It  does 
not  appear  to  exist  as  a  normal  condition  in  any  mammal.  Probaoly  it  is  due  to  fusion  of  the 
ventral  roots  of  the  fourth  aortic  arches,  with  absorption  of  the  left  fourth  arch  and  the  left  mh- 
clavian  into  the  stem  so  formed,  whilst  the  right  subclavian  is  relatively  displaced.  The  two 
common  carotids  may  arise  by  a  common  stem,  and  the  left  subclavian  arise  separately  from 
the  arch  of  the  aorta,  whilst  the  right  subclavian  springs  from  the  descending  aorta.  This 
arrangement  probably  results  from  the  disappearance  of  the  fourth  right  arch  ana  the  fusion  of 
the  ventral  roots  of  the  fourth  arches  of  opposite  sides. 

Sometimes  two  innominate  arteries,  right  and  left,  replace  the  three  usual  branches  of  the 
arch  of  the  aorta.  This  is  the  normal  arrangement  in  bats,  moles,  and  hedgehogs.  It  i» 
obviously  the  result  of  the  disappearance  of  that  portion  of  the  arch  which  intervenes  between 
the  left  carotid  and  left  subclavian  arteries,  and  the  consequent  fusion  of  these  two  vessels. 

In  a  similar  way  may  be  explained  the  rarer  condition  in  which  the  three  ordinary 
branches  of  the  arch  arise  by  one  single  stem,  which  divides  into  right  and  left  innominate 
arteries.     In  most  ruminants,  in  the  horse  and  in  the  tapir,  this  arrangement  is  constant 

It  will  be  evident  that  other  combinations  and  modincations  may  be  met  with  in  the  brandies 
of  the  arch  of  the  aorta  as  the  result  of  fusions  and  absorption. 

The  bronchial  arteries  obviously  correspond  to  splanchnic  segmental  arteries  and  tht-ir 
continuations  to  diverticula  from  the  walls  of  the  gut,  therefore  the  usual  origin  of  tlie 
right  bronchial  artery  from  the  first  right  aortic  intercostal  artery  must  result  from  tbe 
persistence  of  an  anastomosis  between  a  splanchnic  segmental  artery  and  the  first  part  of  a 
somatic  segmental  artery ;  the  origin  of  the  right  from  the  upper  left  bronchial  artery,  which 
sometimes  occurs,  is  due  to  the  fusion  of  the  roots  of  two  splanchnic  segmental  arteries.  The 
occasional  origin  of  a  bronchial  vessel  from  an  internal  mammary  artery  can  only  result  from 
the  persistence  and  enlargement  of  an  anastomosis  between  a  splanchnic  segmental  artery  an'i 
the  ventral  branch  of  a  somatic  segmental  artery.  The  origin  of  a  bronchial  branch  from  a 
subclavian  artery  may  have  the  same  or  a  different  significance  on  opposite  sides  of  the  hociy. 
A  bronchial  artery  arising  from  the  left  subclavian  artery  corresponds  with  the  origin  of  the 
right  bronchial  artery  from  the  first  aortic  intercostal  artery ;  it  is  due  to  the  persistence  of  an 
anastomosis  between  a  splanchnic  sepnental  artery  and  the  root  of  a  somatic  segmental  artm, 
and  the  origin  of  a  broncliial  artery  from  a  right  subclavian  artery  may  be  due  to  a  similar  can>e. 
It  may,  on  the  other  hand,  be  due  to  the  enlargement  of  an  anastomosis  between  a  splanchnic 
branch  of  the  descending  aorta  and  a  splanchnic  branch  of  the  fourth  right  aortic  arch.  When, 
as  occasionally  happens,  the  bronchial  artery  arises  from  the  inferior  thyroid,  it  is  due  to  thr 
persistence  and  enlargement  of  an  anastomosis  between  splanchnic  arteries. 

Intercostal  Arteriea — ^Variations  of  the  intercostal  arteries  are  not  very  common,  but 
they  are  significant  and  interesting.  Corresponding  vessels  of  opposite  sides  may  arise  from  a 
common  stem  which  has  been  formed  by  the  fusion  of  the  roots  of  two  somatic  segmental  arteritis 
after  or  simulta.neously  with  the  fusion  of  the  primitive  dorsal  aortae.  The  number  of  interctk^tal 
arteries  may  be  reduced,  one  artery  supplying  two  or  more  intercostal  spaces ;  in  these  cases  thr 
roots  of  origin  of  some  of  the  somatic  segmental  arteries  in  the  dorsal  region  have  disappean^d, 
and  the  precostal  anastomoses  between  their  ventral  branches  have  persisted. 

Occasionally  the  number  of  the  aortic  intercostal  arteries  is  increased,  an  additional  artery 
being  given  to  the  second  intercostal  space,  which  is  usually  supplied  by  the  superior  intem*tal 
artery  ;  this  is  brought  about  by  the  persistence  of  the  root  of  the  tenth  somatic  segmental  art**r)' 
and  the  disappearance  of  the  precostal  anastomosis  between  the  ventral  branches  of  the  ninth  and 
tenth  somatic  segmental  arteries.  Very  rarely  the  first  aortic  intercostal  artery  sends  a  hrancJi 
upwards  between  the  necks  of  the  ribs  and  the  transverse  processes  of  the  upper  dorsal  region ; 
this  branch  supplies  the  upper  intercostal  spaces,  the  superior  intercostal  artejy  being  small  or 
alwent,  and  it  terminates  by  oecoming  the  profunda  cervicis  artery.  It  is  due  to  the  peisisteniv 
of  the  postcostal  anastomoses  in  the  upper  dorsal  region,  and  is  a  repetition  of  a  condition  r^gnlarly 
present  in  some  carnivores. 
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There  are  no  very  important  variations  of  the  os^ophageal,  pericardial,  and  mediastinal 
arteries. 

Lnmbar  Arteries.  —  Variations  of  the  lumbar  arteries  are  very  similar  to  those  of  the 
intercostal  arteries,  and  they  are  due  to  similar  causes.  The  lumbar  artejies  of  opposite  sides 
may  arise  by  common  stems  from  the  back  of  the  aorta ;  and  the  last  pair  of  lumoar  arteries 
may  arise  in  common  with  the  middle  sacral  artery.  Further,  a  lumbar  artery  may  have  its 
area  of  distribution  increased  to  the  adjacent  segment 

The  inferior  phrenic  arteries  are  very  variable ;  they  may  arise  by  a  common  trunk  either 
from  the  coeliac  axis  or  from  the  aorta ;  tney  may  arise  separately  either  from  the  aorta  or  from 
the  cosliac  axis,  and  more  commonly  from  the  latter  vessel ;  or  again,  one  may  spring  from  the 
aorta  or  coeliac  axis,  and  the  other  from  the  coronary,  renal,  or  even  from  the  superior  mesenteric 
artery. 

The  middle  sacral  artery  usually  springs  from  the  back  of  the  aorta  above  its  bifurcation ; 
it  may  be  considerably  above,  or  more  rarely  it  may  spring  directly  from  the  bifurcation.  Not 
infrequently  it  arises  from  the  last  lumbar  artery  or  from  a  stem  common  to  the  two  last 
lumbar  arteries,  and  occasionally  it  arises  from  a  common  or  internal  iliac  artery.  Some- 
times it  apparently  gives  off  the  last  pair  of  lumbar  arteries,  and  very  occasionally  an  accessory, 
renal,  or  a  hsemorrhoidal  branch  arises  from  it  The  vess^  is  not  always  present,  it  may  be 
double,  entirely  or  in  part,  and  it  may  bifurcate  at  its  termination. 

The  renal  arteries  frequently  deviate  from  the  normal  arrangement  The  arteries  of 
opposite  sides  may  spring  from  a  common  stem,  or  there  may  be  two  or  more  renal  arteries  on 
one  or  both  sides.  The  accessory  arteries  are  more  common  on  the  left  than  on  the  right  side, 
and  an  accessory  artery  rising  below  the  ordinary  vessel  is  more  common  than  one  rising 
above  it. 

Accessory  renal  arteries  may  be  derived  not  only  from  the  aorta,  but  also  frt>m  the  common 
or  internal  iliac  arteries ;  they  have  also  been  described  as  arising  from  the  inferior  phrenic, 
spermatic,  lumbar,  or  middle  sacral  arteries,  and  even  from  the  external  iliac  artery.  As  the 
ndney  is  developed  in  the  region  of  the  first  sacral  vertebra,  and  afterwards  ascends  to  its  perma- 
nent position,  it  is  not  surprising  that  it  occasionally  receives  arteries  from  the  main  stem  of 
more  than  one  of  the  segments  of  the  body  through  which  it  has  passed,  and  it  is  usually  found 
that  the  lower  the  position  of  the  kidney  in  the  abdomen  the  more  likely  it  is  to  receive  its 
arteries  from  the  lower  part  of  the  aorta  or  from  the  common  iliac  arteries.  The  accessory  renal 
arteries  which  spring  from  the  inferior  phrenic,  the  spermatic,  and  lumbar  arteries  can  only  be 
the  result  of  the  persistence  and  enlargement  of  anastomosing  channels  between  the  renal  and 
either  another  intermediate  visceral,  or  a  somatic  artery. 

The  spermatic  or  ovarian  arteries  may  be  double  on  one  or  both  sides ;  the  arteries  of  oppo- 
site sides  may  spring  from  a  common  trunk,  or  they  may  rise  from  the  renal  or  suprarenal 
arteries.  The  right  artery  may  pass  behind  instead  of  in  front  of  the  inferior  vena  cava.  The 
spermatic  and  ovarian  arteries  arise  from  the  upper  lumbar  portion  of  the  aorta,  because  the 
testicles  and  ovaries  are  developed  in  and  obtain  their  arterial  supply  in  that  region,  and  the 
vessels  are  elongated  as  the  testicles  and  ovaries  descend  to  their  permanent  positions.  The 
occurrence  of  two  spermatic  arteries  on  one  side  is  probably  an  indication  that  the  testicle  was 
developed  in  at  least  two  segments  of  the  body,  and  the  oricin  of  a  spermatic  artery  from  a  renal 
or  suprarenal  artery  is  due  to  the  obliteration  of  the  root  of  the  original  vessel  and  the  enlarge- 
ment of  an  anastomosis  between  the  intermediate  visceral  arteries  of  adjacent  segments. 

The  coBliac  axis  may  be  absent,  its  branches  arising  separately  from  the  aorta  or  from  some 
other  source.  Sometimes  it  gives  off  only  two  branches,  usually  the  coronary  and  splenic,  and 
occasionally  it  gives  four  branches,  the  additional  branch  being  either  a  second  coronary  artery 
or  a  separate  gastro-duodenal  artery. 

The  hepatic  artery  may  spring  directly  from  the  aorta  or  from  the  superior  mesenteric 
artery,  and  the  left  hepatic  artery  occasionally  arises  from  the  coronary  artery.  Accessory  hepatic 
arteries  are  not  uncommon,  and  they  originate  either  from  the  coronary,  superior  mesenteric,  renal, 
or  inferior  mesenteric  artery. 

The  coronary  artery  is  occasionally  double ;  it  may  spring  directly  from  the  aorta,  and  it 
maygive  off  the  left  hepatic  or  an  accessory  hepatic  artery. 

The  splenic  artery  may  arise  from  the  middle  coUc,  from  the  left  hepatic,  or  from  the 
inferior  mesenteric  artery. 

The  superior  mesenteric  artery  may  be  double,  and  it  may  supply  the  whole  of  the 
alimentary  canal  from  the  second  part>  of  the  duodenum  to  the  end  of  the  rectum,  the  inferior 
mesenteric  artery  being  absent  In  culdition  to  its  ordinary  branches  it  may  give  off  a  hepatic, 
a  splenic,  a  pancreatic,  a  gastric,  a  gastro -epiploic  or  a  gastro-duodenal  branch.  Very  rarely 
it  gives  off  an  omphalo-mesenteric  branch,  wnich  passes  to  the  region  of  the  umbilicus  and 
becomes  connected  with  capillary  vessels  in  the  falciform  ligament  of  the  liver. 

The  inferior  mesenteric  artery  may  give  hepatic,  renal,  or  middle  colic  branches ;  occasion- 
ally it  is  absent,  being  replaced  by  branches  of  the  superior  mesenteric,  and  sometimes,  as  in 
ruminants  and  some  rodents,  its  left  colic  branch  does  not  anastomose  with  the  middle 
colic  artery. 

All  these  variations  of  the  unpaired  visceral  branches  of  the  abdominal  aorta  are  merely  due 
to  modifications  of  the  usual  processes  by  which  these  vessels  are  developed. 

The  origin  of  the  branches  which  usually  rise  from  the  coeliac  axis,  from  the  trunk  of  the 
aorta  is  the  result  of  the  retention  of  a  greater  number  of  the  splanchnic  segmental  arteries 
than  usual    A  double  superior  mesenteric  artery  results  from  the  persistence  of  both  the  right 
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and  left  splanchnic  vesselB  from  which  the  superior  mesenteric  artery  is  formed,  these  remaining 
separate  instead  of  fusing  together.  All  the  other  variations  are  the  results  of  the  oUitention 
of  the  usual  channels,  combined  with  the  enlargement  of  anastomoses  which  exist  both 
between  the  splanchnic  arteries  of  adjacent  segments  and  the  splanchnic  and  intermediate 
visceral  arteries. 

The  Artbries  of  the  Head  and  Neck. 

Innominate  Artery. — From  what  has  already  been  said  with  reference  to  the  brancbeA 
of  the  arch  of  the  aorta,  it  will  be  seen  that  the  innominate  artenr  may  be  absent  On  the  other 
hand  there  may  be  two  innominate  arteries,  a  right  and  a  left^  each  ending  in  corresponding 
common  carotid  and  subclavian  trunks,  and  the  two  vessels  may  themselves  arise  by  a  common 
stem. 

The  branches  given  ofif  by  the  innominate  artery  may  be  increased  in  number,  or  the  innomi- 
nate may  only  vary  from  the  normal  as  regards  length.  As  a  consecjuence  of  such  modification> 
in  len^h,  the  origins  of  the  right  common  carotid  and  right  subclavian  arteries  may  be  situated 
at  a  higher  or  lower  level  than  usual,  whilst,  in  the  absence  of  the  innominate  artery,  both  thu^e 
branches  may  arise  directly  from  the  aorta. 

Oommon  Oarotid  Arteriea — ^When  the  right  common  carotid  artery  arises  separately  from 
the  arch  of  the  aorta,  it  may  be  the  first,  or  much  more  rarely  the  second  branch.  In  the 
former  case  the  fourth  right  aortic  arch  has  been  obliterated,  and  the  right  subclavian  artery 
springs  from  the  descending  aorta ;  in  the  latter  case  either  the  innominate  stem  has  be^n 
absorbed  into  the  arch  of  the  aorta,  or  the  ventral  root  of  the  fourth  right  aortic  arch  has  fiued 
withjpart  of  an  elongated  fourth  left  arch. 

Whether  arising  as  the  first  or  second  branch,  the  origin  may  be  to  the  left  of  the  mesial  plane, 
and  the  trunk  may  pass  in  front  of  the  trachea,  or  behind  the  ODsophagus,  before  it  ascends  in  the 
neck. 

The  left  common  carotid  artery  varies  as  regards  its  origin  much  more  frequently  than  the 
right  vessel ;  not  uncommonly,  and  apparently  because  of  the  fusion  of  the  ventral  roots  of  the 
fourth  aortic  arches,  it  arises  from  a  stem  common  to  it  and  to  the  right  oommon  carotid  and 
right  subclavian  arteries. 

Both  common  carotids  may  vary  as  regards  their  termination.  They  may  divide  at  a  higher 
or  lower  level  than  usual,  the  former  more  commonly  than  the  latter ;  whilst  in  a  few  exceptional 
cases  the  common  carotid  does  not  divide,  but  is  continued  directly  into  the  internal  carotid,  and 
from  this  the  branches  usually  given  off  by  the  external  carotid  are  derived. 

This  arrauffement  is  probably  due  to  ooliteration  of  the  ventral  roots  of  the  first  and  second 
aortic  arches,  tne  arches  persisting  and  being  divided  into  the  branches  which  generally  artM* 
from  their  ventral  extremities. 

UsuaUy  the  common  carotids  give  off  no  branches,  but  not  infrequently  one  or  more  of  the 
branches  of  the  external  carotids  arise  from  them. 

The  external  carotid  artery  may  be  absent,  or  it  may,  in  rare  cases,  arise  directly  from  the 
arch  of  the  aorta.  The  number  of  its  branches  may  be  diminished  either  by  fusion  of  their  root^^ 
or  by  transference  to  the  internal  or  common  carotid  arteries.  On  the  other  hand,  the  number  of 
its  branches  may  be  increased  ;  thus  the  stemo-mastoid  artery,  the  hyoid  branch  usuaUy  given  off 
by  the  superior  thyroid  artery,  or  the  ascending  palatine  branch  of  the  facial,  may  arise  from  it 
Sometimes  the  branches  may  arise  in  the  usual  way,  but  mav  deviate  from  the  course  generally 
taken ;  more  particularly  is  this  the  case  with  the  internal  maxillary  artery,  which  mar  pa^- 
either  between  the  heads  or  entirely  external  or  internal  to  both  heaoB  of  the  external 
pterygoid  muscle. 

The  internal  carotid  artery  is  rarely  absent  Occasionally  it  springs  from  the  arch  of  the 
aorta,  and  in  its  course  through  the  neck  it  may  vary  somewhat  in  length  and  in  tortuosity.  One 
or  more  of  the  branches  usuaUy  derived  from  the  external  carotid  artery  may  arise  frt>m  it,  and  it 
sometimes  gives  off  a  large  meningeal  branch  to  the  posterior  fossa  of  the  skulL  It8  posterii>r 
communicating  branch  may  replace  the  posterior  cerebral  artery ;  on  the  other  hand,  tne  upper 
part  of  the  internal  carotid  may  be  absent,  and  the  posterior  communicating  artery  may  be<x)me 
the  middle  cerebral  artery.  The  anterior  cerebral  branch  of  the  internal  carotid  may  be  absent, 
or  rather  it  may  arise  from  the  corresponding  artery  of  the  opposite  side ;  or  there  may  be  thive 
anterior  cerebral  arteries,  the  third  arising  from  the  anterior  communicating  artery  which  connects 
the  two  anterior  cerebrals  together.  The  ophthalmic  artery,  as  it  traverses  the  orbit^  may  imi<«^ 
either  over  or  under  the  optic  nerve.  It  is  occasionally  replaced  by  a  branch  of  the  middle 
meningeal  artery. 

The  vertebral  artery  may  have  a  double  origins-one  from  the  subclavian,  and  one  from  the 
inferior  thyroid  artery  or  fi-om  the  aorta. 

The  right  vertebral  may  arise  from  the  common  carotid  or  from  the  arch  of  the  aort^. 
Occasional^  it  springs  from  the  descending  aorta,  an  arrangement  associated  with  the  persisteme 
of  the  dorsal  roots  of  the  fourth  and  fifth  right  arches. 

The  left  vertebral  artery  not  infrequently  springs  from  the  arch  of  the  aorta,  arising  betwwn 
the  left  common  carotid  and  left  subclavian  arteries ;  this  is  evidently  due  to  the  absorption  (»f 
the  stem  of  the  seventh  segmental  artery  into  the  aortic  arch.  Very  exceptionally  the  Wt 
vertebral  is  a  branch  of  an  intercostal  artery. 

In  its  course  upwards  either  vertebral  artery  may  enter  the  vertebrarterial  foramen  of  any  of 
the  lower  six  C€r\'ical  vertebra. 
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The  casoB  in  which  it  does  not  enter  one  of  the  lowest  of  theee  are  apparently  associated  with 
its  formation  in  part  from  the  precostal  instead  of  from  the  postcostal  anastomosing  channela 

The  artery  may  enter  the  spinal  canal  with  the  second  instead  of  with  the  first  cervical  nerve, 
or,  after  leavmg  the  foramen  in  the  transverse  process  of  the  third  vertebra,  it  may  divide  into 
two  branches,  one  of  which  accompanies  the  second  and  the  other  the  first  cervical  nerve ;  the  two 
branches  unite  together  again  in  the  spinal  canal  to  form  a  single  trunk. 

Sometimes,  thouffh  rarely,  it  gives  off  superior  intercostal  and  inferior  thyroid  branches.  The 
upper  end  of  one  of  the  vertebmls  is  sometimes  very  small,  or  it  mav  be  entirely  wanting ;  in 
the  latter  case  the  basilar  artery  is  formed  by  the  direct  continuation  of  the  opposite  vertebral 

The  basilar  artexy  may  be  double  in  part  or  the  whole  of  its  extent^  or  its  cavity  may  be 
divided  by  a  more  or  less  complete  septum.  It  may  terminate  in  one  instead  of  two  posterior 
cerebral  arteries,  the  missing  vessel  being  supplied  by  the  enlargement  of  the  posterior  com- 
municating branch  of  the  internal  carotid. 

The  Arteries  of  the  Upper  Limb. 

Siibdavian  Arteries. — The  variations,  so  far  as  regards  the  origins  of  the  subclavian 
arteries,  have  already  been  mentioned  (p.  947).  Other  interesting  modifications  are  met  with  in 
respect  of  its  position  and  branches. 

The  subclavian  artery  may  reach  as  high  as  one  or  even  one-and-a-half  inches  above  the 
clavicle,  though  as  a  rule  it  aoes  not  reach  higher  than  three-quarters  of  an  inch  above  that 
bone.  On  the  other  hand,  it  may  not  rise  even  to  the  level  of  the  upper  border  of  the  clavicle. 
These  differences  appear  to  be  associated  with  the  descent  of  the  clavicle  and  sternum,  which 
occurs  as  age  increases. 

The  artery  may  pass  in  front  of  or  through  the  scalenus  anticus  instead  of  behind  it,  or 
the  vein  may  accompany  it  behind  the  muscla 

The  branches  of  the  subclavian  artery  may  be  modified  with  reference  to  their  points  of  origin ; 
thus  those  of  the  first  part  may  be  furtner  in  or  out  than  usual,  the  suprascapular  or  some  other 
branch  of  the  thyroid  axis  may  arise  separately  from  the  third  part  of  tne  artery,  and  not 
uncommonly  the  posterior  scapular  artery  is  a  branch  of  this  part  The  abnormalities  of  the 
vertebral  branch  have  already  been  described ;  those  of  the  thyroid  axis  and  its  branches  are 
numerous  but  not  important 

The  internal  mammary  artery,  usually  a  branch  of  the  first  part  of  the  subclavian,  is  very 
variable  as  regards  its  origin.  It  may  arise  from  the  second  or  third  parts,  or  from  the  th3rroid 
axis,  or  it  may  spring  from  the  aorta,  or  from  the  innominate  or  axillary  arteries.  All  these 
variations  are  due  to  obliteration  of  the  normal  origin  and  the  opening  up  of  anastomoses. 
The  internal  mammary  artery  sometimes  descends  in  front  of  the  cartilages  of  one  or  more  of 
the  lower  true  ribs,  and  occasionally  it  gives  off  a  large  lateral  branch  (a.  mammaria  lateralis) 
which  descends  on  the  inner  side  of  the  chest  wall  nearly  in  the  mid-axiUary  line,  a  point  of 
importance  in  paracentesis. 

A  few  cases  have  also  been  noticed  in  which  a  bronchial  artery  has  arisen  from  the  internal 
mammary. 

The  superior  intercostal  branch  of  the  subclavian  may  be  absent  In  any  case  its  deep 
cervical  branch  may  rise  directly  from  the  subclavian  trunk.  The  superior  intercostal  is  some- 
times formed  from  a  postcostal  instead  of  a  precostal  primitive  channel,  and  in  this  case  it  passes 
between  the  necks  of  the  ribs  and  the  transverse  processes  of  the  vertebrae  instead  of,  as  usual,  in 
front  of  the  necks  of  the  ribs. 

-  The  axillary  artery  does  not  vary  much  as  regards  its  origin  or  course.  Its  relations  may  be 
modified  by  the  existence  of  a  muscular  or  tendinous  "  axillary  arch,"  which,  passing  from  the 
latissimus  dorsi  to  the  pectoralis  major,  crosses  the  lower  part  of  the  artery  superficially ;  and 
a  further  interesting  modification  is  associated  with  an  anomalous  arrangement  of  its  branches. 
Occasionally  the  sub-scapular,  circumflex,  and  superior  and  inferior  profunda  arteries  arise  from 
the  axillary  by  a  common  stem.  In  these  cases  the  chief  branches  of  the  brachial  plexus  are  . 
grouped  round  the  common  stem  instead  of  roimd  the  main  trunk,  and  it  is  suggested  that  the 
common  stem  in  question  was  ori^^inally  the  trunk  artery  of  the  upper  limb,  the  lower  part  of 
which  has  been  obliterated,  the  circulation  being  carried  on  by  a  vas  aberrans  which  anastomoses 
below  either  with  the  brachial  artery  or  with  one  of  the  arteries  of  the  forearm.  It  is  also 
Miid  that  a  rudiment  of  this  artery  exists  in  a  muscular  branch  which  passes  between  the  heads 
of  the  median  nerva 

Sometimes  the  axillary  artery  divides  into  the  radial  and  ulnar  arteries,  and  more  rarely  the 
interosseous  artery  may  spring  from  it 

Obviously  when  the  radial  and  ulnar  arteries  are  formed  by  the  division  of  the  axillary,  there 
IB  no  brachial  artery ;  its  place  is  taken  by  the  two  abnormal  vessels  which,  as  a  rule,  are 
se])arated  by  the  median  nerve  as  they  run  through  the  upper  arm  ;  the  radial  is  usually  more 
superficial  than  the  ulnar,  and  crosses  outwards  in  front  of  it  at  the  bend  of  the  elbow. 

The  bracldal  artery  is  rarely  prolonged  beyond  its  usual  point  of  bifurcation,  not  uncommonly, 
however,  it  bifurcates  at  a  higher  level  Of  tne  two  terminal  branches  of  the  brachial,  one  may 
divide  into  radial  and  interosseous,  the  other  forming  the  ulnar ;  or  one  may  divide  into  radial 
and  ulnar,  whilst  the  other  is  the  interosseous  artery.  OccasionaUy  the  brachial  artery  ter- 
minates by  dividing  into  three  branches — viz.  the  radial,  the  ulnar,  and  the  interosseous.  In 
any  case,  the  branch  which  gives  origin  to  or  becomes  the  interosseous  was  in  all  probability  the 
original  trunk. 
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Divifiion  of  the  brachial  artery  at  a  higher  level  thau  usual  occotb  most  oommonly  in  the 
upper  third  of  the  arm,  and  least  commonly  in  the  lower  third ;  the  resulting  trunks  are  often 
united  near  the  bend  of  the  elbow  by  a  more  or  less  oblique  anastomosis. 

In  cases  of  high  division  of  the  brachial  artery  the  radial  branch  may  pierce  the  deep  fascia 
of  the  arm  near  the  bend  of  the  elbow,  and  descend  in  the  forearm  immediately  beneath  the 
skin ;  in  other  cases  the  radial  rims  deeper,  and  passes  behind  the  tendon  of  the  biceps.  The 
ulnar  branch  sometimes  runs,  on  the  internal  intermuscular  septum,  towards  the  inner  oondyle, 
and  then  outwards  towards  the  middle  of  the  bend  of  the  elbow  under  a  band  of  fascia,  from 
which  the  upper  fibres  of  the  pronator  teres  arise,  or  round  the  supracondylar  process  of  the 
humerus  if  it  is  present  More  commonly  the  ulnar  branch  descends  towards  the  inner  condyle, 
and  crosses  superficial  to  the  flexor  muscles  or  beneath  the  pabnaris  longus ;  and  in  a  few  cases  it 
is  subcutaneous.  Very  occasionally  the  ulnar  artery  accompanies  the  ulnar  nerve  behind  Uie 
inner  condyle ;  in  these  cases  it  has  obviously  been  formed  by  enlargement  of  the  ordinary 
inferior  profunda  and  posterior  ulnar  recurrent  arteries. 

Instead  of  following  its  usual  course  along  the  brachialis  anticus,  the  brachial  artery  may 
accompany  the  median  nerve  behind  a  supracondylar  or  epicondylic  process,  or  ligament,  as  iix 
many  carnivores ;  it  may  pass  in  front  of  the  median  nerve  instead  oi  behind  it  It  may  give 
off  a  "  vas  aberrans  "  or  a  median  artery,  and  any  of  its  ordinary  branches  may  be  absent 

The  vas  aberrans  given  off  firom  the  brachial  artery  usually  ends  in  the  radial  artery,  some- 
times in  the  radial  recurrent,  and  rarely  in  the  ulnar  artery. 

The  ulnax  artery  may  be  absent,  being  replaced  by  the  *'  comes  nervi  median!  "  or  the  inter- 
osseous artery,  and  it  may  terminate  in  the  deep  instejEul  of  in  the  superficial  palmar  arch.  It 
rarely  rises  at  a  lower  level  than  usual,  and  when  it  rines  at  a  higher  level  it  most  commonly 
passes  superficial  to  the  muscles  which  spring  from  the  internal  epicondyle.  Moreover,  in  ihe>e 
cases  it  frequently  has  no  interosseous  branch,  the  latter  vessel  springing  from  the  radial  artery, 
and  in  all  probability  variations  of  this  description  are  produced  by  the  uhiar  artery  taking 
origin  from  the  main  trunk,  which  is  represented  by  the  radio-interosseous  vessel,  at  a  higher 
level  than  usual  Even  when  it  commences  in  the  usual  way  the  ulnar  artery  may  pass  super- 
ficial to  the  muscles  from  the  internal  epicondyle,  and  m  these  cases  its  interosseous  and  recurruit 
branches  spring  from  the  radial  artery. 

The  anterior  and  posterior  interosseous  arteries  may  arise  separately  from  the  ulnar  instead  of 
by  a  common  interosseous  trunk.  The  recurrent  branches  of  the  ulnar  may  spring  from  the 
interosseous,  and  the  interosseous  itself  may  be  a  branch  of  the  radiaL 

The  small  median  artery,  the  companion  artery  of  the  median  nerve,  usually  a  branch  of  the 
anterior  interosseous,  may  spring  from  the  axillary,  brachial,  or  ulnar  arteries ;  it  may  be  much 
larger  than  usual,  and  terminate  either  by  breaking  up  into  digital  branches,  or  by  joining  one 
or  more  digital  branches  of  the  superficial  palmar  arch  or  the  palmar  arch  itself. 

The  radial  artery  may  be  absent,  its  place  being  taken  by  branches  of  the  ulnar  or  inter- 
osseous arteries ;  it  may  arise  from  the  axillary,  or,  higher  than  usual,  from  the  brachial  U 
may  terminate  in  muscular  branches  in  the  front  of  the  forearm,  or  in  the  superficialis  voIa>, 
or  in  carpal  branches ;  the  lower  portion  of  the  artery,  in  these  cases,  is  usually  replaced  bv 
branches  of  the  ulnar  or  interosseous  arteries.  Occasionally  the  radial  divides  some  distancf 
above  the  wrist  into  two  terminal  branches,  one  of  which  gives  off  the  carpal  branches,  and 
becomes  the  superficialis  volu3,  whilst  the  other  crosses  superficial  to  the  extensor  tendons  and 
passes  to  the  back  of  the  wrist 

The  radial  artery  may  run  a  superficial  course,  or,  and  especially  when  it  commences  at  a 
lower  level  than  usual,  it  may  pass  beneath  the  pronator  radii  teres  and  the  radial  origin  of  ibr 
flexor  sublimis  digitorum.  In  some  cases  it  passes  to  the  back  of  the  wrist  across  the  supinau^r 
longus,  and  in  others  it  lies  upon,  instead  of  beneath,  the  extensor  tendons  of  the  thumb. 

Its  branches  may  be  diminished  or  increased  in  number.  The  radial  recurrent  may  spring 
from  the  brachial  or  ulnar  arteries,  or  may  be  represented  by  several  branches  from  the  n^\*^i 
part  of  the  radiaL  The  dorsalis  indicis  mav  be  large,  and  may  replace  the  princeps  poUicis  and 
the  radialib)  indicis.  On  the  contrary,  the  aorsal  carpal  arterv  ana  dorsal  digital  branches  of  thr 
radial  may  be  small,  or  the  former  may  be  replaced  by  branches  of  the  interosseous  arteries,  and 
the  latter  by  the  superior  perforating  branches  of  the  deep  palmar  arch. 

The  princeps  pollicis  and  radijuis  indicis  arteries  may  be  absent,  their  places  being  taken 
either  by  branches  of  the  superficial  palmar  arch  or  by  the  dorsalis  indicis  artery. 

The  superficial  p<>^^"^«|y  arch  is  sometimes  absent ;  its  branches  are  then  given  off  from  the 
deep  arcL  Conversely,  it  may  be  larger  than  normal,  and  it  may  be  completed  on  the  ulnat 
side  by  the  radialis  indicis,  the  princeps  pollicis,  or  the  comes  nervi  mediani  arteries. 

The  deep  palmar  arch  is  much  more  rarelv  absent  than  the  superficial  arch.  When  aWnt 
its  branches  are  supplied  by  the  superficial  arch,  the  superior  perforating  artene«s  or  the  palmar 
carpal  arch. 

The  Iliac  Arteries  and  tuetr  Branches. 

The  common  iliac  artery  may  be  longer  or  shorter  than  usual,  a  modifii^tion  whuh  la 
largely  though  not  altogether  determined  by  tlie  point  at  which  the  bifurcation  of  the  aoru 
takes  place.  If  exceptionally  long,  it  is  usually  tortuous.  In  rare  cases  in  man  the  arter}-  is 
absent.  It  occasionally  gives  off  the  middle  or  a  lat-eral  sacral  artery, «nd  ilio-lumbar,  spcmiati*', 
or  accessory  renal  branches  may  arise  from  it 

The  internal  iliac  artery  varies  as  regards  length.  It  is  usually  longer,  and  rtM.-s  at  <i 
higher  level  when  the  common  iliac  is  short     In  rare  cases  it  has  been  found  to  arise  from  the 


ABNOKMALITIES  OF  ARTERIES.  953 

aorta  without  the  iutervention  of  a  common  iliac.  Frequently  it  does  not,  even  in  appearance, 
end  in  anterior  and  posterior  divisionfi,  but  obviously  forms  a  single  trunk,  as  in  the  foetus,  from 
which  the  several  branches  are  given  off. 

The  visceral  branches  vary  much  in  number  and  size,  and  the  middle  hosmorrhoidal  may  not 
be  present,  its  place  being  taken  by  branches  from  the  vesical  arteries.  A  renal  branch  some- 
times arises  from  the  internal  iliac. 

The  iUo-lumbar  branch  may  rise  from  the  common  instead  of  from  the  internal  iliac ;  the 
gluteal  and  sciatic  may  rise  by  a  common  stem,  or  the  gluteal  may  be  absent,  and  its  place  taken 
by  a  branch  from  the  femoral  artery ;  the  sciatic  artery  may,  as  in  the  foetus,  constitute  the  main 
artery  of  the  hind  limb,  and  run  down  to  become  continuous  with  the  popliteal  artery.  Probably 
the  "  comes  nervi  ischiadici "  represents  the  original  continuity  of  these  two  vessels.  Occasionally 
the  lateral  sacral  arteries  do  not  aiise  from  the  internal  iliac  trunks. 

In  some  few  instances  the  obturator  artery  arises  from  the  deep  epigastric  artery  instead  of 
from  the  internal  iliac  The  condition  is  apparently  due  to  obliteration  of  the  usual  origin  of  the 
obturator  artery  and  to  the  subsequent  enlargement  of  the  anastomosing  pubic  branches  of 
the  obturator  and  deep  epigastric  arteries.  The  course  of  the  abnormal  obturator  arteiy  is  of 
importance.  From  its  origin  it  descends  into  the  pelvis  on  the  inner  side  of  the  external  iliac 
vein,  and  in  the  majority  of  cases  on  the  outer  side  of  the  crui'al  ring,  but  in  three- tenths  of  the 
cases,  and  more  frequently  in  males  than  in  females,  it  descends  on  the  inner  side  of  the  ring. 

The  obturator  artery  sometimes  gives  off  an  accessory  pudic  branch  which  passes  along  the 
side  of  the  prostate,  pierces  the  triangular  ligament,  and  terminates  by  dividing  into  the  artery 
of  the  corpus  caveniosum  and  the  dorsal  artery  of  the  penis.  When  this  occurs  the  pudic  artery 
LB  small,  and  it  terminates  in  the  artery  to  the  bulb.  Occasionally  the  accessory  pudic  arises  fix)m 
the  pudic  artery  in  the  pelvis,  or  from  one  of  the  vesical  arteries. 

The  external  iliac  artery  may  be  much  smaller  than  usual,  especially  if  the  sciatic  artery 
persists  as  the  main  vessel  of  the  lower  limb.  It  may  give  off  two  deep  cii'cumfiex  iliac  branches, 
a  dorsal  artery  of  the  penis,  an  internal  circumflex  artery  of  the  thigh,  or  a  vas  aberrans,  and  its 
deep  circumflex  iliac  and  deep  epigastric  branches  may  arise  at  higher  or  lower  levels  than  usual 

The  Arteries  of  the  Lower  Limb. 

The  femoral  artery  is  small,  and  ends  in  the  profunda  and  cii*cumflex  bmuches,  when  the 
sciatic  artery  forms  the  principal  vessel  of  the  lower  limb.  The  profunda  bi-anch,  which  usually 
arises  from  the  outer  siae  of  the  femoral  trunk,  about  one-and-a-half  inches  below  Poupart's  liga- 
ment, may  commence  at  a  higher  or  a  lower  level,  and  from  the  back  or  the  inner  side  of  the 
femoral  trunk.  Absence  of  the  profunda  has  been  noted,  and  in  these  cases  the  branches  usually 
given  off  by  it  spring  directly  from  the  femoral  artery. 

The  femoral  artery  may  be  double  for  a  portion  of  its  extent,  or  it  may  be  joined  by  a  vas 
aberrans  given  off  from  the  external  iliac  artery.  In  addition  to  its  oidinary  branches,  it  may 
furnish  one  or  both  of  the  circumflex  arteries  of  the  thigh,  and  sometimes  it  gives  off',  near  the 
ori^n  of  the  profunda,  a  great  saphenous  artery,  such  as  exists  normally  in  many  mammals. 
This  vessel  descends  through  Scarpa's  triangle  and  Hunter's  canal,  and  accompanies  the  internal 
saphenous  nerve  to  the  inner  side  of  the  foot. 

The  deep  circumflex  iliac,  the  obturator,  and  the  deep  epigastric  arteries  are  occasionally 
given  off  from  the  femoral 

The  popliteal  artery  may  exceptionally  form  the  direct  continuation  of  the  sciatic  artery.  It 
sometimes  divides  at  a  higher  or  lower  level  than  usual,  and  the  division  may  be  into  either  two 
or  three  branches ;  if  three  terminal  branches  are  present,  they  are  the  anterior  and  posterior 
tibial  and  the  peroneal  arteries,  and  if  only  two,  eitiier  the  anterior  and  posterior  tibial,  or  the 
anterior  tibial  and  the  peroneal  arteries. 

Occasionally  the  artery  is  double  for  a  short  portion  of  its  course,  and  it  has  been  found  to 
cross  fii«t  behind  the  inner  head  of  the  gastrocnemius  to  the  inner  side  of  the  knee,  and  then  in 
front  of  the  inner  head  of  the  gastrocnemius  to  regain  the  popliteal  space.  The  number  of  its 
branches  may  be  reduced,  or  triey  may  be  increased  by  the  addition  of  a  vas  aberrans  which 
connects  it  with  the  posterior  tibial  artery.  Its  superficial  sural  branch  may  enlarge  to  form  a 
well-marked  small  sapnenous  artery. 

The  posterior  tibial  artery  may  be  small  or  altogether  absent,  its  place  being  taken  bv 
branches  of  the  peroneal  artery ;  again,  it  may  be  longer  or  shorter  than  usual,  in  conformity  with 
the  higher  or  lower  division  of  the  popliteal  trunk.  The  peroneal  artery  is  large  if  either  the 
anterior  or  posterior  tibial  arteries  are  small  The  anterior  terminal  branch  of  the  peroneal  is 
almost  invariably  large  when  the  anterior  tibial  artery  is  small ;  in  some  cases,  indeed,  it  replaces 
the  whole  of  the  dorsalis  pedis  continuation  of  the  latter  vessel ;  in  others,  however,  only  the 
tarsal  and  metatarsal  branches  are  so  replaced.  The  peroneal  sometimes  arises  from  a  stem 
common  to  it  and  the  anterior  tibial  artery. 

The  anterior  tibial  artery  may  be  absent,  its  place  being  taken  by  branches  of  the  posterior 
tibial  and  peroneal  arteries.  It  is  longer  than  normal  when  the  popliteal  artery  divides  at  a 
higher  level  than  usual,  and  in  these  cases  it  may  pass  either  behind  or  in  front  of  the  popliteus 
muscle.  Occasionally  the  anterior  tibial  artery  and  its  doi'salis  pedis  continuation  are  larger 
than  normal,  and  the  terminal  part  of  the  doi'salis  pedis  takes  the  place,  more  or  less  completely, 
of  the  external  plantar  artery. 

The  internal  plantar  artery  is  sometimes  very  small,  and  it  may  be  absent ;  its  place  is 


954  THE  VASCULAR  SYSTEM. 

taken  by  branches  of  the  dorsalis  pedis  or  external  plantar  arteries.    The  external  plantar 
artery  also  may  be  small  or  absent,  the  plantar  arch  being  formed  entirely  by  the  dorsalis  pedis. 


ABNORMALITIES  OF  VEINS. 

Abnormalities  or  variations  of  veins  are  as  frequently  met  with  as  those  of  arteries,  and  they 
are  due  to  similar  causes. 

The  Superior  Vena  Cava. 

The  superior  yena  cava  may  develop  on  the  left  side  instead  of  the  right  Tliis  peculiarly 
is  due  to  the  persistence  of  the  left  duct  of  Cuvier  instead  of  that  on  the  right  side,  and  it  h 
associated  with  absence  of  the  coronary  sinus,  which  is  replaced  by  the  lower  i)art  of  the  left 
superior  vena  cava.  An  exceptional  case  is  recorded  in  which  the  opening  of  the  coronary  sinus 
into  the  heart  was  obliterated,  and  the  cardiac  veins  terminated  in  a  trunk  which  passed  upward:* 
to  the  left  innominate  vein.  This  trunk  was  obviously  formed  by  enlargement  of  the  left  duct  of 
Cuvier  and  the  lower  part  of  the  left  primitive  jugular  vein.  Not  very  uncommonly,  as  the 
result  of  the  persistence  of  both  ducts  of  Cuvier,  there  are  two  superior  venaj  cavae,  the  transverse 
anastomosis  which  usually  forms  the  left  innominate  vein  being  small  or  entirely  absent  In 
these  cases  the  left  innominate  vein  descends  in  the  left  part  of  the  superior  mediastinum,  cro88*e3 
the  aortic  arch,  is  joined  by  the  left  superior  intercostal  vein,  and  becomes  the  left  superior 
vena  cava ;  this  latter  vessel  descends  in  front  of  the  root  of  the  left  lung,  and  terminates  in  the 
lower  and  back  part  of  the  right  auricle.  It  receives  the  great  cardiac  vein,  and,  turning  to  the 
back  of  the  heart,  replaces  the  coronary  sinus.  This  arrangement  is  normal  in  many  mamniak 
Occasionally  in  man  the  left  superior  vena  cava  terminates  in  the  left  auricle,  and  the  coronary 
sinus,  which  represents  a  part  of  the  sinus  venosus,  has  been  seen  to  have  a  similar  ending ;  both 
these  abnormal  endings  must  be  the  result  of  malposition  of  the  interauricidar  septum. 

The  vena  azygos  major  may  be  formed  on  the  left  side  ;  it  then  arches  over  the  root  of  tlie 
left  lung,  and  terminates  in  the  left  end  of  the  coronary  sinua  This  is  the  normal  arrangement 
in  some  mammals,  and  it  is  due  to  the  persistence  of  the  left  caidinal  vein  and  the  left  duct  of 
Cuvier. 

The  azygos  veins  may  be  reduced  or  increased  in  number.  In  the  former  case  there  may  be 
only  one  azygos  vein  which  receives  the  intercostal  veins  of  both  sides,  or  there  may  be  two 
azygos  veins,  a  right  and  a  left,  the  left  usually  being  divided  into  upper  and  lower  sectioa* 
which  are  connected  by  a  smaller  intermediate  portion,  and  united  to  the  ri^ht  vein  by  one  or 
more  transverse  anastomoses,  or  it  may  terminate  by  joining  either  the  left  innominate  vein  or 
the  left  sunerior  vena  cava.  The  small  intermediate  section  on  the  left  side  may  form  a  separai*' 
vessel,  ana  then  the  number  of  the  azygos  veins  is  increased  to  four,  each  of  the  three  left  vein^ 
terminating  in  the  ri^ht  vein.  When  there  is  only  one  azygos  vein  the  portion  of  the  Itfx 
cardinal  vein,  from  which,  usually,  the  vertical  portions  of  the  left  azygos  veins  are  formed,  h*? 
disappeared,  and  the  left  intercostal  veins  open  into  the  right  azygos  vein  by  separate  transvene 
anastomoses,  as  in  the  case  of  the  left  lumbar  veins  and  the  inferior  vena  cava.  On  the  other 
hand,  when  there  is  only  one  left  azygos  vein  the  intermediate  sections  of  the  thoracic  part  of  the 
left  cardinal  vein  and  one  or  more  of  the  transverse  anastomoses  have  persisted,  whilst,  when  the 
left  azygos  terminates  in  the  left  innominate  vein,  the  transverse  anastomoses  have  disappeami, 
and  the  lower  part  of  the  left  primitive  jugular  vein  has  remained  patent 

Occasionally  the  vena  azygos  major  takes  the  place  of  the  upper  part  of  the  inferior  vena 
cava,  and  the  whole  of  the  left  cardinal  vein  is  enlai'ged  ;  in  these  cases  the  upper  ]X)rtion  of  tbt 
normal  inferior  vena  cava  is  al)6ent  or  exceptionally  small 

The  internal  Jugular  vein  is  sometimes  smaller  or  larger  than  normal  In  either  case  aim- 
pensatory  changes  in  size  occur  in  the  lateral  sinus  and  internal  jugular  vein  of  the  opjiosite 
side,  or  in  the  external  and  anterior  jugular  veins  of  the  same  side. 

The  external  Jugnlar  vein  is  sometimes  absent,  or  it  may  be  smaller  than  usual ;  in  )>otb 
cases  either  the  anterior  or  internal  jugular  veins  are  enlarged.  In  some  of  the  cases  in  which 
the  external  jugular  vein  is  small  it  receives  no  communication  from  the  temporo-maxilLuy 
vein,  but  lb  merely  the  continuation  of  the  posterior  auricular  vein.  On  the  other  hand,  it  may 
be  enlaiged,  and  receive  the  whole  of  the  temporo-maxillary  vein. 

The  anterior  Jugnlar  vein  may  be  absent,  or  it  may  he  unusually  large,  es])eciaUy  in  the 
lower  part  of  its  extent,  and  after  it  has  received  an  occasional  tributary  from  the  common  facial 
vein. 

The  temporo-maxillary  vein  may  terminate  entirely  in  the  common  facial  vein,  or  in  the 
external  or  the  internal  jugular  vein.     It  may  be  very  small,  and  occasionaUy  it  is  alveut 

Variations  of  the  cranial  blood  sinuses  are  not  numerous.  One  latei-al  siua<«  may  W 
aljsent  or  very  small  when,  as  a  rule,  that  of  the  opposite  side  is  enlarged.  The  inferior  longi- 
tudinal, the  occipital,  or  the  spheno-parietal  sinuses  may  be  absent,  and  there  may  be  an  additional 
petro-squamous  tributary  to  the  lateral  sinus.  The  petro-squamous  sinus,  when  present,  is  the 
remains  of  that  portion  of  the  primitive  lateral  sinus  which  crossed  the  temjKiral  bont*,  pa»«-d 
through  the  post-condyloid  foramen  and  terminated  in  the  primitive  jugular  vein.  Very  occa.-'ion- 
aUy  in  the  human  adult  it  still  pierces  the  skull  behind  the  condyle  of  the  jaw,  and  tenninatw* 
'*i  the  temporo-maxillary  vein,  and  this  is  the  normal  arrangement  in  some  mammals. 
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The  Veins  of  the  Upper  Extremity. 

The  superficial  veins  of  the  forearm  are  extremely  variable ;  any  of  them  may  be  abeent, 
but  most  commonly  it  is  the  median  or  the  radial  vein  which  is  wanting.  The  median  cephalic 
and  the  cephalic  veins  may  be  small  or  absent,  and  on  the  other  hand  the  cephalic  vein  may  be 
larger  than  usnaL  Moreover  the  cephalic  vein  may  end  in  the  external  jugular  vein,  its  original 
termination ;  or  it  may  be  connected  with  the  external  jugular  vein  by  an  anastomosing  channel 
which  sometimes  passes  over  the  clavicle  and  sometimes  through  that  bone. 

The  basilic  vem  is  sometimes  larger  and  sometimes  smaller  than  usual,  and  it  may  pierce  the 
fascia  of  the  arm  at  a  higher  or  at  a  lower  level  than  is  customary. 

The  venae  comites  of  the  arteries  of  the  upper  extremity  generally  terminate  at  the  lower 
border  of  the  subscapularis,  where  they  join  the  axillary  vein,  but  they  may  end  above  or  below 
the  position  of  their  usual  termination. 

The  snbclayian  vein  sometimes  passes  behind  instead  of  in  front  of  the  scalenus  anticus 
muscle,  and  it  has  been  seen  passing  between  the  clavicle  and  the  subclavius  muscle. 

The  Inferior  Vena  Cava. 

The  lower  part  of  the  inferior  vena  cava  is  sometimes  absent,  in  which  case  the  common  iliac 
veins  ascend,  one  on  the  right  and  the  other  on  the  left  of  the  aorta,  to  the  level  of  the  second 
lumbar  vertebra,  where  the  left  common  iliac  vein  receives  the  left  renal  vein,  and  then  crosses  in 
front  of  or  behind  the  aorta  to  fuse  with  the  right  corresponding  vein  ;  in  these  cases,  therefore,  the 
inferior  vena  cava  commences  at  the  level  of  the  second  lumbar  vertebra,  and  it  represents  only 
the  upper  and  last-formed  part  of  the  ordinary  vessel ;  the  common  iliac  veins,  each  of  whicli 
receives  the  lumbar  veins  oi  its  own  side,  are  exceptionally  long,  and  they  may  or  may  not  be 
imited  at  the  pelvic  brim  by  a  small  transverse  anastomosing  channel 

Occasionally  the  inferior  vena  cava  does  not  terminate  in  the  right  auricle,  but  is  continuous 
with  the  vena  azygoe  major,  which  is  much  enlarged,  all  the  inferior  caval  blood  being  then 
carried  to  the  superior  vena  cava.  In  these  cases  the  hepatic  veins  open  directly  into  the  right 
auricle  without  communicating  with  the  inferior  vena  cava. 

The  lower  part  of  the  inferior  vena  cava  sometimes  lies  to  the  left  instead  of  to  the  right  of 
the  aorta ;  this  condition  is  associated  with  a  long  right  common  iliac  vein,  which  crosses  obliquely 
from  right  to  left  to  join  the  shorter  left  common  ifiac  vein.  After  receiving  the  left  renal  vein 
the  misplaced  inferior  vena  cava  crosses  in  front  of  the  aorta,  reaching  the  right  side  at  the  level  of 
the  second  or  first  lumbar  vertebra.  In  other  cases,  however,  the  leU  infeiior  vena  cava  continues 
upwards  through  the  left  cms  of  the  diaphragm,  usurping  the  place  of  a  greater  or  smaller  part 
of  the  left  azygoB  vein  ;  having  entered  the  thorax,  it  may  cross  to  the  opposite  side  and  terminate 
in  the  vena  azygos  major,  or  it  may  continue  upwards  on  the  same  side,  and  after  arching  over 
the  r(X)t  of  the  left  lung,  descend  behind  the  left  auricle,  to  terminate  in  the  right  auricle  in  the 
situation  of  the  coronary  sinus.  In  this  group  of  cases  also  the  hepatic  veins  open  separately  into 
the  right  auricle. 

The  tributaries  of  the  inferior  vena  cava  are  also  subject  to  variation.  Additional  renal, 
spermatic,  ovarian,  or  suprarenal  veins  may  be  present  Two  or  three  lumbar  veins  of  one  or 
both  sides  may  unite  into  a  common  trunk  whicn  terminates  in  the  inferior  vena  cava,  and  the 
hepatic  veins  may  open  separately,  or  after  fusing  into  a  common  trunk,  into  the  right  auricle 
near  the  opening  of  the  inferior  vena  cava. 

No  explanation  of  the  variations  of  the  inferior  vena  cava  and  its  tributaries  is  necessary, 
beyond  the  statement  that  they  are  due  to  persistence  of  portions  of  the  cardinal  veins  which 
usually  disappear,  and  to  the  persistence  of  transverse  anastomoses  and  tributaries  which  usually 
atrophy,  or  to  modifications  of  those  which  ordinarily  take  part  in  the  formation  of  the 
inferior  vena  caval  system. 

The  left  common  iliac  vein  is  short  and  the  right  long  when  the  inferior  vena  cava  lies  on 
the  left  side.  The  common  iliac  veins  may  be  absent,  the  internal  iliac  veins  uniting  to  form  the 
commencement  of  the  inferior  vena  cava,  into  which  the  external  iliac  veins  open  as  lateral 
tributariea 

The  Veins  of  the  Lower  Extremity. 

The  long  saphenous  vein  is  not  subject  to  much  variation,  but  the  short  saphenous  vein 

may  terminate  by  joining  the  long  saphenous,  or,  after  piercing  the  deep  fascia  in  the  lower  part 
of  the  thigh,  it  may  ascend  and  join  the  sciatic  vein  or  one  of  the  tributaries  of  the  profunda 
vein. 

The  vena  comites  are  generally  described  as  terminating  in  the  lower  extremity,  at  the 
lower  part  of  the  popliteal  space,  but  they  may  ascend  as  far  as  Scarpa's  triangle ;  as  a  matter 
of  fact,  although  as  a  nde  there  is  only  one  large  popliteal  and  one  large  femoral  vein,  one  or 
more  smaU  additional  veins  usually  accompany  the  popliteal  and  femoral  arteries. 

In  a  few  cases  the  popliteal  vein  does  not  pierce  the  lower  part  of  the  abductor  magnus,  but 
ascends  behind  that  muscle  and  becomes  continuous  with  the  profunda  vein,  the  femoral  artery 
being  unaccompanied  by  any  large  vein  during  its  passage  through  Hunter's  canal. 

ABNOEMALITIES  OF  THE  LYMPHATICS. 

Variations  of  the  glands  and  smaller  vessels  of  the  lymphatic  system  are  so  common  that 
they  can  hardly  be  regarded  as  abnormalities ;  variations  of  the  larger  vessels,  however,  are 
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comparatively  rare.    This  is  especially  the  case  witli  respect  to  the  two  terminal  trunks,  the  thoracic 
duct  and  the  right  lymphatic  duct^  tne  abnormalities  of  which  are  interesting  and  important 

When  the  arch  of  the  aorta  is  on  the  ri^ht  instead  of  on  the  left  side,  the  thoracic  duct 
usually  terminates  in  the  right  innominate  vem,  in  which  case  it  receives  the  tributaries  which 
usually  open  into  the  right  lymphatic  duct,  whilst  the  corresponding  area  on  the  left  side  is 
drained  by  lymphatics  terminating  in  a  left  lymphatic  duct  which  opens  into  the  commencement 
of  the  left  innominate  vein.  A  similar  aiTan^ement  of  the  terminal  lymphatic  trunks  sometimes 
occurs  even  when  the  arch  of  the  aorta  is  in  its  normal  position  on  the  left  side.  In  either  case 
the  thoracic  duct  may  commence  in  the  usual  way,  and  after  reaching  the  level  of  the  fifth  dorsal 
vertebra  continue  upwards  on  the  right  side,  instep  of  crossing  to  Uie  left  side,  of  the  vertebral 
column ;  more  rarely  it  commences  on  the  left  side  and  crosses  over  to  the  right  at  a  higher  level 

In  one  case  in  which  the  thoracic  duct  opened  into  the  right  innominate  vein,  instead  of  the 
left,  no  trace  of  a  lymphatic  duct  was  discovered  on  the  left  side. 

Occasionally  the  thoracic  duct  commences  and  terminates  in  the  usual  manner,  but  crosses  the 
vertebral  column  immediately  after  its  origin  and  ascends  on  the  left  side. 

Not  uncommonly  there  is  no  distinct  receptaculum  chyli,  in  which  case  the  terminal 
lymphatic  vessels  of  the  abdomen  merely  unite  to  form  a  larger  vessel  which  does  not  present 
any  obvious  dilatation,  and  from  which  the  thoracic  duct  is  continued.  The  terminal  lymphatic 
trunk  may  open  into  the  internal  jugular  vein  previous  to  its  junction  with  the  subdavian, 
instead  of  into  the  commencement  of  the  innominate  vein. 

Occasionally  the  thoracic  duct  is  double,  either  on  the  whole  or  in  part  of  its  extent,  and 
sometimes  it  breaks  up  into  a  plexus  of  vessels  which  may  reunite  into  a  single  trunk  in  the 
upper  part  of  the  thorax.  Botn  the  thoracic  duct  and  the  right  lymphatic  duct  may  before 
terminating  divide  into  branches  which,  though  sometimes  reuniting  on  each  side  into  a  single 
trunk,  not  infrequently  open  separately  into  the  great  veins  at  the  root  of  the  neck. 

As  a  rule  the  thoracic  duct  joins  the  commencement  of  the  left  innominate  vein,  but  it  may 
end  in  the  internal  jugular,  vertebral,  or  subclavian  veins  of  the  left  side ;  whilst  very  rarely,  it 
opens  into  the  vena  azygos  major. 


TU^  RESPIRATORY  SYSTEM. 

THE  ORGANS  OF  RESPIRATION  AND  VOICE 

By  D.  J.  Cunningham. 

The  organs  of  respiration  are  the  larynx  and  trachea,  which  together  constitute  a 
median  air-passage ;  the  two  bronchi  or  branches  into  which  the  lower  end  of  the 
trachea  divides;  and  the  two  lungs  to  which  the  bronchi  conduct  the  air.  In 
connexion  with  the  lungs  we  have  likewise  to  consider  the  pleural  membranes — 
two  serous  sacs  which  line  the  portions  of  the  thoracic  cavity  which  contain  the 
lungs,  and  at  the  same  time  give  a  thin  coating  to  these  organs. 

The  larynx  opens  above  into  the  lower  part  of  the  pharynx,  and  the  air  which 
passes  in  and  out  from  the  air-passages  likewise  traverses  the  pharynx,  the  nasal 
fossae,  and  also  the  buccal  cavity  if  the  mouth  is  open.  This  connexion  between 
the  digestive  and  respiratory  systems  is  explained  by  the  fact  that  the  respiratory 
apparatus  is  secondarily  developed  as  an  outgrowth  from  the  front  aspect  of  the 
primitive  fore-gut  of  the  embryo.  In  most  mammals  the  upper  aperture  of  the 
larynx  opens  into  the  part  of  the  pharynx  which  lies  behind  the  nasal  chambers. 
In  man,  however,  the  upper  opening  of  the  larynx  is  placed  lower  down,  below  the 
communication  between  the  mouth  and  pharynx,  and  both  nasal  and  buccal 
breathing  may  be  carried  on  with  very  nearly  equal  ease. 

THE  LARYNX  OR  OEGAN  OF  VOICE. 

The  larynx  is  the  upper  part  of  the  air-passage,  specially  modified  for  the  pro- 
duction of  the  voice.  Above,  it  opens  into  the  pharynx,  whilst  below,  its  cavity 
becomes  continuous  with  the  lumen  of  the  trachea  or  windpipe. 

Position  and  Relations  of  the  Larynx. — In  the  natural  position  of  the  neck, 
and  whilst  the  organ  is  at  rest,  the  larynx  is  placed  in  front  of  the  bodies  of  the 
fourth,  fifth,  and  sixth  cervical  vertebrae.  Its  highest  point,  represented  by  the 
tip  of  the  epiglottis,  reaches  as  high  as  the  lower  border  of  the  body  of  the  third 
cervical  vertebra,  whilst  its  lower  limit,  or  the  lower  border  of  the  cricoid  cartilage 
usually  corresponds  to  the  lower  border  of  the  body  of  the  sixth  cervical  vertebra. 
From  the  vertebral  column  the  larynx  is  separated,  not  only  by  the  prevertebral 
muscles  and  prevertebral  layer  of  cervical  fascia,  but  also  by  the  posterior  wall 
of  the  pharynx — indeed  the  posterior  surface  of  the  larynx  forms  the  lower  part  of 
the  anterior  wall  of  the  pharynx,  and  is  covered  by  the  lining  mucous  membrane 
of  that  section  of  the  alimentary  canaL 

The  larynx  lies  below  the  hyoid  bone  and  the  tongue,  and  in  the  interval 
between  the  great  vessels  of  the  neck.  It  forms  a  more  or  less  marked  projection 
on  the  front  of  the  neck,  and  in  the  median  line  it  approaches  very  close  to  the 
surface,  being  merely  covered  by  skin  and  the  two  layers  of  fascia.  Laterally  it  is 
more  deeply  placed.  Thus  it  is  overlapped  by  the  sterno-mastoid  muscle,  covered 
by  the  two  strata  of  thin  ribbon-like  muscles  which  are  attached  to  the  thyroid 
cartilage  and  the  hyoid  bone,  and  hidden  to  some  extent  by  the  upward  prolonga- 
tions'of  the  lateral  lobes  of  the  thyroid  body. 

The  position  of  the  laniyx  is  influenced  by  movements  of  the  head  and  neck.  Thus 
it  is  elevated  when  the  head  is  thrown  back,  and  depressed  when  the  chin  is  carried 
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downwards  towards  the  chest.  Again,  if  the  finger  is  placed  upon  it  during  deglutition,  it 
will  be  seen  that  the  larynx  moves  to  a  very  considerable  extent.  The  pharyngeal  muscles 
attached  to  it,  and  more  especially  the  stylo-pharyngeal  muscles,  are  chiefly  responsible 
for  bringing  about  these  movements.  During  singing,  changes  in  the  position  of  the 
larynx  may  also  be  noted,  a  high  note  being  accompanied  by  a  slight  elevation,  and  a  low 
note  by  a  slight  depression  of  the  organ. 

The  position  of  the  larynx  is  not  the  same  at  all  periods  of  development  and  growth. 
In  the  foetus,  shortly  before  birth,  it  lies  much  higher  up  in  the  neck.  Thus  its  lower 
border  corresponds  to  the  lower  border  of  the  fourth  cervical  vertebra.  Its  permanent 
position  is  not  reached  until  the  period  of  puberty  is  attained  (Symington).  This  descent 
of  the  larynx  has  been  stated  to  be  due  to  the  rapid  and  striking  growth  of  the  facial  part 
of  the  skull  which  lies  above  it  (Symington).  It  is  very  doubtful,  however,  if  the  facial 
growth  has  any  influence  in  this  direction.  In  the  anthropoid  ape,  in  which  the  face  form:} 
a  much  greater  part  of  the  skull  than  in  man,  and  in  which,  in  the  transition  from  the 
infantile  to  the  adult  condition,  the  facial  growth  is  even  more  striking  than  it  is  in  man, 
the  larynx  occupies  a  relatively  higher  position  in  the  neck.  In  the  early  stages  of 
growth  all  the  thoracic  viscera  undergo  a  gradual  subsidence.  The  larynx  in  its  descent 
follows  these.  Indeed  it  cannot  do  otherwise,  seeing  that  the  bifurcation  of  the  trachea 
between  infancy  and  puberty  moves  downwards  more  than  the  depth  of  one  thoracic 
vertebra. 

Gteneral  Construction  of  the  Larynx. — The  wall  of  the  larynx  is  constructed 
upon  a  somewhat  complicated  plan.  There  is  a  frame- work  composed  of  several 
cartilages.  These  are  connected  together  at  certain  points  by  distinct  joints  and 
also  by  elastic  membranes.  Two  elastic  cords,  which  stretch  in  an  antero-posterior 
direction  from  the  front  to  the  back  wall  of  the  larynx,  form  the  ground-work  of 
the  true  vocal  cords.  Numerous  muscles  are  likewise  present.  These  operate 
upon  the  cartilages  of  the  larynx,  and  thereby  not  only  bring  about  changes  iu 
the  relative  position  of  the  true  vocal  cords,  but  also  produce  different  degrees  of 
tension  of  these  cords.  The  cavity  of  the  larynx  is  lined  with  mucous  membrane, 
under  which,  in  certain  localities,  are  collected  masses  of  mucous  glands. 

CARTILAGES  OF  THE  LARYNX. 

There  are  three  single  cartilages  and  three  pairs  of  cartilages  entering  into  the 
construction  of  the  laryngeal  wall.     They  are  named  as  follows : — 

|Thy«>icl.  (ffid'^ar       "      r  the 

Single  cartilages  <  Cricoid.  Paired  cartilages  <       ™1?m  *  ^rjmgia,  or 

Epiglottis.  ^  cartilages  of  feantonni. 

^  °  V  Cuneiform  cartilages. 

Thyroid  Cartilage  (cartilage  thyreoidea). — The  thyroid  cartilage,  the  largest 
of  the  laryngeal  cartilages,  is  formed  of  two  quadrilateral  plates  termed  the  alu, 
which  meet  in  front  at  an  angle,  and  become  fused  along  the  mesial  plane.  Behiud. 
the  alse  diverge  from  each  other,  and  enclose  a  wide  angular  space  which  is  open 
behind.  The  anterior  borders  of  the  alse  are  only  fused  in  their  lower  parts.  Above 
they  are  separated  by  a  deep,  narrow  V-shaped  median  notch,  called  the  indsm 
thyroidea.  In  the  adult  male  the  angle  formed  by  the  meeting  of  the  anterior 
borders  of  the  two  alae,  especially  in  its  upper  part,  is  very  projecting,  and  with  the 
margins  of  the  thyroid  notch,  which  lies  above,  constitutes  a  marked  subcutaneous 
prominence  in  the  neck,  which  receives  the  name  of  the  pommn  AdamL 

The  angle  which  is  formed  by  the  meeting  of  the  two  alas  of  the  thyroid  cartilage  Tarie*  to 
some  extent  in  different  individuals  of  the  same  sex,  and  shows  marked  differenr^js  in  the  two 
sexes  and  at  different  periods  of  life.  In  the  adult  male  the  average  angle  is  said  to  be  90* :  in 
the  adult  female  it  is  120'* ;  whilst  in  the  infant  the  alse  meet  in  the  form  of  a  gentle  curve 
convex  to  the  front 

The  posterior  border  of  each  ala  of  the  thyroid  cartilage  is  thick  and  rounded, 
and  is  prolonged  beyond  the  superior  and  inferior  borders  in  the  form  of  two  slender 
cylindrical  processes,  termed  cornua.  The  superior  comu  is  longer  than  the  inferior 
cornu.  It  is  directed  upwards,  with  a  slight  inclination  inwards  and  backwards, 
and  it  ends  in  a  rounded  extremity,  which  is  joined  to  the  tip  of  the  great  comu  of 
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the  hyoid  boae  by  the  lateral  thyro-hyoid  ligament.     The  inftiiOT  corna  ia  shorter 

and  stouter  than  the  superior  cornu.     Aa  it  proceeds  downwards  it  curves  slightly 

inwards,  and  upon  the  inner  face  of  Hyow  boos     Kpigiotu- 

its  extremity  it  shows  a  circular  flat 

facet,  by  means  of  which  it  articulates 

with  a  simitar  facet  on  the  lateral 

aspect  of  the  cricoid  cartilage.     The 

superior  border  of  the  ala  ia  for  the 

moat   part   slightly  convex,  and   in       ■    ■'''' 

front  it  dips  suddenly  down  to  become     supgrK 

continuous  with  the  margin  of  the      "'*'"^ 

thyroid  notch.     Posteriorly,  where  it 

joins  the  superior  cornu,  it  exhibits     xh^^, 

a  shallow  notch  or  concavity.     The 

inferior  border  is  to  all  intents  and     pomum 

purpoaea  horizontal,  but  it  is  marked 

off  by  a  projection,  termed  the  inferior  ^'^ 

tnbende,  into  a  short  posterior  part, 

which  shows  a  ahallow  concavity  in      thyroi' 

front   of  the  inferior  cornu,  and   &      p^^.^, 

longer  part  which  lies  in  front  of  the 

tubercle,  which  is  alao  concave,  but  to 

a  less  degree.     The  external  swrfaee 

of  the  ala  is  divided  into  two  unequal 

areas    by   an  otdiqne    liu«  or   ridge. 

This  line  begins  above  at  the  Buparior      ^■''-  980— 1'««  c*biil*ues  amd  Uoakmta  of  th< 

j_.  ,  "  .  ■..        1.    J     ■  LmiMX   VIEWED    FROM   THE    FBONT. 

tubercle,  a  prominence  situated  im- 
mediately below  the  superior  border,  and  a  short  diatance  in  front  of  the  root  of 
the  auperior  cornu.  From  this  the  oblique  line  proceeds  downwards  and  forwards, 
to  end  inferiorly  in  the  inferior  tubercle  on  the  lower  border  of  the  ala.  The  area 
which  lies  behind  the  oblique  line  is  much  smaller  than  that  which  lies  in  front. 
It  is  covered  by  the  inferior  conatrictor  muscle 
of  the  pharynx.  The  larger  anterior  area  is  for 
the  most  part  covered  by  the  thyro-hyoid 
muscle.  To  the  oblique  line  are  attached  ~the 
sterno- thyroid  and  thyro-hyoid  muscles.  The 
inner  surface  of  the  ala  of  the  thyroid  cartilage 
is  smooth  and  slightly  concave. 

Cricoid  Cartilage  (cartilago  cricoidea). — 
The  cricoid  cartilage  is  shaped  like  a  aignet- 
ring.     Pehind,  there  is  a  broad,  thick  plate 
somewhat  quadrilateral  in  form  and  termed 
the  posterior  lamina ;  whilst  in  front  and  later- 
ally, the  circumference  of  the  ring  is  com- 
pleted by  a  curved  band,  called  the  anterior 
,    arch.     The   lumen  of   the  ring  enclosed   b^ 
■   these  parts  is  circular  below,  but  above  the 
'   ring  is  compressed  laterally,  so  that  the  lumen 
becomes   elliptical.     The   superior   border  of 
the  poateriOT  lamina  presents  a  faintly-marked 
median  notch.     On  either  side  of  this  there  is 
an  oval  convex  facet  which  looka  more  out- 
wards  than   upwards,  and  which  articulates 
with  the  base  of  the  arytenoid  cartilage.     The 
I  HE  CiBTiLAOEs  posteiior  surface  of  the  lamina  is  divided  by 
I  Lakynx.  an  elevated  median  ridge  into  two  depressed 

areas  which  give  attachment  to  the  posterior 
crico-arytenoid  musclea.  The  front  part  of  the  anterior  arch  of  the  cricoid  is  in 
the  form  of  a  narrow  baud,  but  as  it  proceeds  backwards  towards  the  posterior 
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lamina  its  superior  border  risea  rapidly,  and  in  conBequeuoe  the  arch  becomee  much 
broader.  The  inferior  border  of  the  cricoid  is  nearly  horizontal,  although  it 
frequently  preeents  a  median  projection  in  front,  and  a  lateral  projection  on 
either  side.  It  ia  joined  to  the  tirat  rin;^  of  the  trachea  by  an  intervening  elastic 
membrane.  On  the  outer  Burface  of  the  cricoid  cartilage,  at  the  place  where  tbe 
anterior  arch  joins  the  posterior  lamina,  a  vertical  ridge  descends  from  the 
arytenoid  articular  facet.  On  this,  a  short  distance  from  the  lower  border  of  the 
cartilage,  a  prominent  circular  articular  facet  is  visible  for  articulatioo  with  the 
inferior  cornii  of  the  thyroid  cartilage  C^'ig.  683,  p.  963).  The  inner  surfatttii 
the  cricoid  cartilage  is  smooth,  and  is  lined  by  mucous  membrane. 

The  narrow  band-like  part  of  the  anterior  arch  of  the  cricoid  cartilage  lies 
l)elow  the  tower  border  of  tbe  thyroid  cartilage,  whilst  the  posterior  lamina  is 
i-eeeived  into  the  interval  between  the  posterior  portions  of  the  alie  of  the  thyroid 
cartilage. 

AtyteDOid  Cartilages  (cartilagines  arytsenoideee). — The  arytenoid  cartilages  art 
placed  one  on  either  side  of  the  mesial  plane,  and  rest  upon  the  upper  border  of  the 
posterior    lamina   of    the    cricoid 
cartilage,  la  the  interval  betweeo 
the  posterior  portions  of  the  aliP  of 
the  thyroid  cartilaga     They  pre- 
xitLcs         ^°^  *  somewhat  pyramidal  form. 
The  pointed  apox  or  summit  of  each 
;iottid»n      jg  (ji^j,  jgd  upwards,  and  at  the  same 
g^u  jjj        timocurves  backwards  and  inwards, 
rtiuge         It  supports  thecomiculumlaryngif. 
Of   the  three  surfaces,  one  look.- 
directly  inwards  towards  the  cot- 
responding  surface  of  the  opposite 
rsutohni     cartilage,  from  which  it  is  separated 
cutiugc      byanarrowinterval;  another  looks 
gj^jj^^     backwards ;    whilst    the   third  is 
directed    outwards   and    forwards. 
The  internal  surface,  which  is  the 
"li^'         smallest  of  the  three.  Is  triaogulsr 
in  outbne.     It  is  narrow,  verticul, 
and  even,  and  is  clothed  by  the 
lining   mucous  membrane  of  the 
larynx.     The  posterior   gmfate  is 
smooth  and   concave    from  above 
downwards ;    it   lodges   and  j.'ivc' 
attachment    to    the    arytenoideu> 
trausversus   muscle.     The  antwfl- 
Fio.  882.— CAkTiLioBB  AND  LiQAiiiNTs  OK  LiBTN):,         exUmol  surfaco  is  the  most  exten- 
"  ""' '™""  ^^""*-  sive  of  the  three  (Fig.  683.  p.  963;. 

Its  middle  part  is  marked  by  a  deep  depression  in  which  is  lodged  a  mass  of 
mucous  glanda.  Upon  this  surface  of  the  arytenoid  cartilage  the  powerful  thyri'- 
arytenoid  muscle  is  inserted,  whilst  a  small  tubercle  a  short  distance  above  iiv 
base  gives  attachment  to  the  superior  thyro-arytenoid  ligament — the  feeble  sui"- 
porting  ligament  of  the  false  vocal  cord.  The  three  surfaces  of  the  arytenoid 
cartilage  are  separated  from  each  other  by  an  anterior,  a  posterior,  and  an  estemsl 
border.  The  external  border  is  the  longest,  and  it  pursues,  as  it  is  traced  from  the 
ape.x  to  the  base,  a  sinuous  course.  Reaching  the  base  of  the  cartilage,  it  is  pn> 
loDged  outwards  and  b^kwards  in  the  form  of  a  stout  prominent  angle  or  process 
termed  the  procesBos  mascnlailB.  Into  the  front  of  this  process  is  iui^erted  the  cric»- 
arytenoideus  lateralis  muscle ;  whilst  into  its  posterior  aspect  the  crico-arytenoidr'iis 
jKwticus  muscle  is  inserted.  A  small  nodule  of  yellow  elastic  cartilage,  called 
the  Bosamoid  cartilage,  is  frequently  found  on  the  external  border  of  the  arv'tenoid 
cartilage,  where  it  ia  held  in  position  by  the  investing  perichondrium.  The 
miterior  border  of  the  arytenoid  is  vertical,  and  at  the  base  of  the  cartilage  i^ 
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prolonged  horizontally  forwards  into  a  small  sharp-pointed  process  called  the  proceBSUB 
vocalis.  It  receives  this  name  because  it  gives  attachment  to  the  inferior  thyro- 
arytenoid ligament  or  supporting  band  of  the  true  vocal  cord.  The  base  of  the 
arytenoid  cartilage  presents  on  its  under  surface,  and  more  particularly  on  the 
under  surface  of  the  processus  muscularis,  an  elongated  concave  facet  for  articulation 
with  the  upper  border  of  the  posterior  lamina  of  the  cricoid  cartilage. 

Cartilages  of  Santofini  (cartilagines  corniculatse). — The  cartilages  of  Santorini, 
or  the  cornicula  laxyngis,  are  two  minute  conical  nodules  of  yellow  elastic[cartilage 
which  surmoimt  the  apices  of  the  arytenoids,  and  prolong  the  upper  curved  ends  of 
these  cartilages  in  a  backward  and  inward  direction.  I^h  cartilage  of  Santorini 
is  enclosed  within  the  posterior  part  of  the  corresponding  aryteno-epiglottidean 
fold  of  mucous  membrane. 

Onneiform  Oartilages  (cartilagines  cuneiformes). — The  cuneiform  cartilages 
are  not  invariably  present.  They  are  two  minute  rod-shaped  pieces  of  yellow 
elastic  cartilage,  each  of  which  occupies  a  place  in  the  corresponding  aryteno- 
epiglottidean  fold  of  mucous  membrane  immediately  in  front  of  the  arytenoid 
cartilage  and  the  cartilage  of  Santorini.  On  the  superficial  surface  of  each  a 
collection  of  mucous  glandB  is  present,  and  this  tends  to  make  the  cartilage  stand 
out  in  relief  under  the  mucous  membrane. 

Epiglottidean  Cartilage  (cartilage  epiglottica). — The  epiglottis  is  supported 
by  a  thin  leaf- like  lamina  of  yellow  fibro-cartilage  which  is  placed  behind  the 
root  of  the  tongue  and  the  body  of  the  hyoid  bone,  and  in  front  of  the  superior 
aperture  of  the  larynx.  When  divested  of  the  mucous  membrane,  which  covers  it 
behind  and  also  to  some  extent  in  front,  the  epiglottidean  cartilage  is  seen  to 
present  the  outline  of  a  bicycle-saddle,  and  to  be  indented  by  pits  and  pierced  by 
numerous  perforations.  In  the  former,  glands  are  lodged,  whilst  through  the  latter, 
blood-vessels  and  in  some  cases  nerves  pass.  The  broad  end  of  the  cartilage  is 
directed  upwards,  and  is  free.  Its  margins  are,  to  a  large  extent,  enclosed  within  the 
aryteno-epiglottidean  folds  of  mucous  membrane.  The  anterior  surface  is  only  free 
in  its  upper  part.  This  part  is  covered  with  mucous  membrane,  and  looks  towards 
the  pharyngeal  part  of  the  tongue.  The  posterior  surface  is  covered  throughout  its 
whole  extent  by  the  lining  mucous  membrane  of  the  laryngeal  cavity.  The  lower 
pointed  extremity  of  the  cartilage  is  carried  downwarc^  in  the  form  of  a  strong 
fibrous  band,  termed  the  thyro-epiglottidean  ligament. 

Ossification  of  the  Cartilages  of  the  Larynx. — The  thyroid  and  cricoid 

cartilages  and  the  greater  part  of  the  arytenoid  cartilages  are  composed  of  the  hyaline 
variety  of  cartilage.  The  apical  parts,  and  also  the  vocal  processes  of  the  arytenoid 
cartilages,  the  cartilages  of  Santorini,  the  cuneiform  cartilages,  and  the  epiglottis,  are 
formed  of  yellow  fibro-cartilage,  and  at  no  period  of  life  do  they  exhibit  any  tendency 
towards  the  ossific  change.  The  thyroid,  cricoid,  and  basal  portions  of  the  arytenoids,  as 
life  advances,  become  more  or  less  completely  transformed  into  bone.  In  males  over 
twenty  years  of  age,  and  in  females  over  twenty-two  years  of  age,  the  process  will  usually 
be  found  to  have  begun  (Chievitz).  It  is  impossible,  however,  by  an  examination  of  the 
laryngeal  cartilages,  to  form  an  estimate  of  the  age  of  the  individual,  although  in  old  age 
it  is  usual  to  find  the  thyroid,  cricoid,  and  the  hyaline  part  of  the  arytenoid  completely 
ossified.  It  would  appear  that  the  process  is  somewhat  slower  in  the  female  than  in  the 
male.  The  thyroid  is  the  first  to  show  the  change ;  then,  but  almost  at  the  same  time, 
the  cricoid,  and  lastly,  a  few  years  later,  the  arytenoid. 

JOINTS,  LIGAMENTS,  AND  MEMBRANES  OF  THE  LARYNX. 

Orico-thyroid  Joints  (articulationes  cricothyreoidese). — These  are  diarthrodial 
joints,  and  are  formed  by  the  apposition  of  the  circular  facets  on  the  tips  of  the 
inferior  cornua  of  the  thyroid  cartilage  with  the  elevated  circular  facets  on  the 
sides  of  the  cricoid  cartilage.  A  capsular  ligament  is  thrown  around  each  articula- 
tion, and  this  is  lined  by  synovial  membrane.  On  the  posterior  aspect  of  the  joint 
a  strengthening  band  is  present  in  the  capsule.  The  movements  which  take  place 
at  th  ^  crico-thyroid  joints  are  of  a  twofold  character,  viz.  gliding  and  rotatory.  In 
the  first  case  the  thyroid  facets  glide  upon  the  cricoid  surfaces  in  dififerent  directions. 
65 


962  THE  RESPIRATORY  SYSTEM. 

The  rotatory  movement  is  one  in  which  the  thyroid  cartilage  rotates  to  a  slight 
extent  around  a  transverse  axis  which  passes  through  the  centre  of  the  two  joints. 

Orico-axytenoid  Joints  (articulationes  cricoarytaenoide^). — These  also  are 
diarthrodial  articulations.  In  each  case  there  is  a  joint  cavity  surrounded  by  a 
capsular  ligament,  which  is  lined  by  a  synovial  membrane.  The  cricoid  articular 
surface  is  convex,  whilst  that  of  the  arytenoid  is  concave ;  both  are  elongated  or 
elliptical  in  form,  and  they  are  applied  to  each  other,  so  that  the  long  axis  of  the  one 
intersects  or  crosses  that  of  the  other  at  an  acute  angle.  In  no  position  of  the  joint 
do  the  two  surfaces  accurately  coincide — ^a  portion  of  the  cricoid  facet  is  always  left 
uncovered.  The  capsule  of  the  joint  is  strengthened  behind  by  a  band  which  is 
inserted  into  the  inner  and  back  part  of  the  base  of  the  arytenoid  cartilage,  and  plays 
a  somewhat  important  part  in  the  mechanism  of  the  joint ;  it  arrests  effectually 
excessive  forward  movement  of  the  arytenoid  cartilage. 

The  movements  which  take  place  at  the  crico-arytenoid  joint  are  of  a  twofold 
kind,  viz.  gliding  and  rotatory.  The  ordinary  position  of  the  arytenoid  during  easy, 
quiet  breathing  is  one  in  which  it  rests  upon  the  outer  part  of  the  cricoid  facet. 
By  a  gliding  movement  it  can  ascend  upon  the  cricoid  facet,  and  advance  towards 
the  median  plane  and  its  fellow  of  the  opposite  side.  The  gliding  movements, 
therefore,  are  of  such  a  character  that  the  two  arytenoid  cartilages  approach  or 
retreat  from  each  other  and  the  mesial  plane.  In  the  rotatory  movement  the 
arytenoid  caxtilage  revolves  around  a  vertical  axi&  By  this  movement  the  vocal 
process  is  swung  outwards  or  inwards,  so  as  to  open  or  close  the  rima  glottidia 

The  joint  between  the  ar]rtenoid  and  the  cartilage  of  Santorini  may  either 

partake  of  the  nature  of  an  amphiarthrosis  or  of  a  diarthrosis.  The  tips  of  the  two 
cornicula  laryngis  can  generally  be  made  out  to  be  connected  to  the  upper  border  of 
the  posterior  lamina  of  the  cricoid  cartilage  hy  a  delicate  Y-shaped  ligament  termeii 
the  ligamentum  jugale. 

Th3rro-hyoid  Membrane  (membrana  hyothyreoidea). — This  is  a  broad  mem- 
branous and  somewhat  elastic  sheet  which  occupies  the  interval  between  the  hyoid 
bone  and  the  thyroid  cartilage.  It  is  not  equally  strong  throughout.  It  presents 
a  central  thick  portion  and  a  cord-like  right  and  left  margin,  whilst  in  the  intervals 
between  these  it  is  thin  and  weak  (Figs.  680  and  681,  p.  959).  The  central  thickened 
part  (ligamentum  thyro-hyoideum  medium)  is  largely  composed  of  elastic  fibres. 
Below,  it  is  attached  to  the  margins  of  the  thyroid  notch,  whilst  above,  it  is  fixed 
to  the  posterior  aspect  of  the  upper  margin  of  the  body  of  the  hyoid  bona  The 
upper  part,  therefore,  of  its  anterior  surface  is  placed  behind  the  posterior  hollowed- 
out  surface  of  the  body  of  the  hyoid  bone ;  a  synovial  bursa  of  variable  extent  is 
placed  between  them,  and  in  certain  movements  of  the  head  and  larynx  the  upper 
border  of  the  thyroid  cartilage  slips  upwards  behind  the  hyoid  bone.  On  either 
side  of  the  strong  central  part,  the  thyro-hyoid  membrane  is  thin  and  loose.  It  is 
attached  below  to  the  upper  border  of  the  thyroid  cartilage,  and  above  to  the 
posterior  aspect  of  the  great  comu  of  the  hyoid  bone.  It  is  pierced  by  the  intenial 
laryngeal  nerve  and  the  superior  laryngeal  vessels.  The  posterior  border  of  the 
thyro-hyoid  membrane  on  each  side  is  thickened,  round,  and  cord-like,  and  is  chiefly 
composed  of  elastic  fibres.  It  is  termed  the  ligamentum  thjnro-liyoideain  laterale. 
and  extends  from  the  tip  of  the  great  cornu  of  the  hyoid  bone  to  the  extremity  of 
the  superior  cornu  of  the  thyroid  cartilage.  In  this  ligament  there  is  usually 
developed  a  small  oval  cartilaginous  or  bony  nodule  which  receives  the  name  of  the 
cartilage  triticea.  The  deep  surface  of  the  lateral  part  of  the  thyro-hyoid  membrane 
is  covered  by  the  pharyngeal  mucous  membrane.  Behind  its  central  part  lies  the 
epiglottis,  but  separated  from  it  by  a  mass  of  adipose  tissue  (Fig.  686,  p.  966  \ 

Orico*thyroid  Membrane  (membrana  cricothyreoidea). — This  is  a  very  important 
structure,  which  must  be  considered  in  three  parts,  viz.  a  central  and  two  lateral, 
all  of  which  are  directly  continuous  with  each  other,  and  diflTer  only  in  the  naturi* 
of  their  superior  connexions.  The  central  part  of  the  crico-thyroid  membrane  is 
strong,  tense,  and  elastic.  It  is  triangular  in  shape,  and  is  attached  by  its  bnwd 
base  to  the  upper  border  of  the  anterior  arch  of  cricoid  cartilage,  whilst  above,  it  is 
fixed  to  the  middle  part  of  the  lower  border  of  the  thyroid  cartilage  (Fig.  680,  p.  1^59\ 
^*'  is  pierced  by  minute  apertures,  and  is  crossed  superficially  by  the  crico-tbyroid 
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branch  of  the  superior  laryngeal  artery.    The  central  part  of  th©  crico-thyroid  mem- 
brane, therefore,  closes  in  front  the  interval  between  the  cricoid  and  thyroid  oartil^es. 
The  lateral  part  on  each  side  presents  very  different  connexions.     It  is  not  attached 
to  the  lower  border  of  the  thyroid  cartiluge,  but  slopes  upwards  and  inwards  within 
the  thyroid  ala,  and  thus  diminishes  materially  the  transverse  width  of  the  lower 
eubdivisioQ  of  the  laryngeal  cavity.     Its 
attachments  are  very  definite.     Below,  it 
is  fixed  to  the  upper  border  of  the  cricoid 
cartilage,   immediately  subjacent   to   the 

lining  mucous  membrane  of  the  larynx  ;  „„«■ 

above,  it  is  directly  continuous  with  the 
inferior  thyro-arytenoid  ligament  or  sup- 
porting band  of  the  true  vocal  cord-     This  louidis 
ligament,   indeed,   may  be   looked   upon 

as  constituting  the  upper  thickened  free  utofine 

border  of  the  lateral  part  of  the  crico-  '^nofcrL^o- 

thyroid  membrane.     In  front,  the  lateral  iimmbiwH 

part   of  the  crico-thyroid  membrane   is  iiiciirt(l4e" 

attached  to  the  lower  half  of  the  inner 

surface  of  the  ala  of  the  thyroid  cartilage,  " 

close  to  the  angle,  and  behind,  to  the 
lower  border  of  the  processus  vocalis  of 
the  arytenoid  cartil^e.     In  contact  with 

the   outer  surface  of  the  lateral  part  of  fw.  683.— Diss  sen  ns  to  show  the  L*tkral  Pabt 
the  crico-thyroid  membrane,  and  separat-         ""  "•"  CRwo-THTBorD  Mimbranb.    The  rinht 
ing  it  from  the  thyroid  ala,  are  tbe  lateral         '^'^  °' """  "'*'"''^  "^"«''  ^"^  •^''  """'^^''■ 
crico- arytenoid  and'  the  thyro-arytenoid  muscles ;  the  inner  surface  is  clothed  by 
the  lining  mucous  membrane  of  the  larynx. 

Inferior  Thyro-arytenoid  Ligament  (ligamentum  vocale). — This  is  formed 
in  connexion  with  the  upper  border  of  the  lateral  part  of  the  crico-thytoid 
membrane,  and  it  constitutes  the  supporting  ligament  of  the  true  vocal  cord.  It 
is  attached  in  front,  close  to  its  fellow  of  the  opposite  side,  to  the  middle  of  the 
angular  depression  between  the  two  alas  of  the  thyroid  cartilage.  From  this  it 
stretches  backwards,  and  becomes  incorporated  with  the  tip  and  upper  border  of  the 
processus  vocalis  which  projects  forwards  from  the  base  of  the  arytenoid  cartilage. 
The  inferior  thyro-arytenoid  ligament  is  composed  of  yellow  elastic  fibres,  and 
embedded  in  its  anterior  extremity  there  is  frequently  a  minute  nodule  of  elastic 
cartilage.  Its  inner  border  is  sharp  and  free,  and  is  clothed  by  mucous  membrane, 
which  in  this  piwition  is  very  thin  and  tightly  bound  down  to  the  Ugament. 

The  superior  thjrro-arytenoid  ligament  (ligamentum  ventriculare)  supports 
the  false  vocal  cord.  It  is  weak  and  indefinite,  but  somewhat  longer  than  the 
preceding  ligament.  In  front  it  is  attached  to  the  angular  depression  between  the 
two  alsB  of  the  thyroid  cartilage,  above  the  true  vocal  ligaments  and  close  to  the 
attachment  of  the  thyro-epiglottidean  ligament,  and  it  extends  backwards  to  be  fixed 
to  a  tubercle  on  the  antero-external  surface  of  the  arytenoid  cartilage,  a  short  dis- 
tance above  the  processus  vocalis.  It  is  composed  of  connective  tissue  and  elastic 
fibres  which  are  continuous  with  the  fibrous  tissue  in  the  aryteno-epiglottidean  fold, 

Epiglottidean  Ligaments. — The  epiglottis  is  bound  by  ligaments  to  the  base 
of  the  tongue,  to  the  wall  of  the  pharynx,  to  the  hyoid  bone,  and  to  the  thyroid 
cartilage.  The  Klosso-epiglottidsan  ligament  (plica  glosso-epiglotttca  mediaua)  is 
a  prominent  mesial  fold  of  mucous  membrane  which  proceeds  from  the  middle 
of  the  anterior  free  snrfac*  of  the  epiglottis  to  the  base  of  the  tongue.  The 
pharyngo-apiglottidean  ligamente  or  folds  (plicae  glosso-epiglotticse  laterales)  are 
similar  mucous  folds  which  proceed  from  the  margins  of  the  epiglottis  in  an  upward 
direction  on  the  side  wall  of  the  pharynx.  Between  the  two  layers  of  mucous 
membrane  which  fonn  the  glosso-epiglottidean  and  pharyngo-epiglottidean  folds 
there  is  a  certain  amount  of  elastic  tissue.  By  the  three  folds  the  depre.'fsion 
l>etweeu  the  root  of  the  tongue  and  the  epiglottis  is  marked  off  into  two  fossa; 
termed  the  y&Uecnla. 
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The  hyo-eplglottideati  ligament  (ligameDtum  hyoepiglotticum)  is  a  ehort,  broad 
elastic  band,  somewhat  broken  up  by  adipose  tissue,  which  connects  the  anterior 
face  of  the  epiglottis  to  the  upper  border  ol'  the  hyoid  bone  (Fig.  686,  p.  966).  The 
tivo-epUHottidean  ligament  (ligamentum  thyreoepiglotticum)  is  strong  and  thick 
(Fig.  662,  p.  960).  Gompoeed  mainly  of  elastic  tissue,  it  proceeds  downwards  from 
the  lower  pointed  extremity  of  the  epiglottis,  and  is  attached  to  the  angalar 
depression  between  the  two  alse  of  the  thyroid  cartilage  below  and  behind  the 
median  notch. 

A  triangular  interval  is  left  between  the  anterior  faoe  of  the  epiglottis  and  tht- 
thyro-hyoid  membrane.  This  is  imperfectly  closed  above  by  the  hyo-epiglottidean 
U^ment,  and  contains  a  pad  of  soft  fat  (Fig.  686,  p.  966). 

INTKRTOR  OF  THE  LARYNX. 

The  cavity  of  the  larynx  is  smaller  than  might  be  expected  from  an  inBpeclioQ 
of  its  exterior.  On  looking  into  its  interior  through  the  superior  aperture  it  iB 
seen  to  be  subdivided  into  three  portions  by  two  elevated  folds  of  mucous  membrane 
which  extend  from  before  backwuds,  and  project  inwards  from  each  side-wall  of  the 
cavity.  The  upper  pair  of  folds  are  the  fiilss  vocal  oorda ;  the  lower,  more  definite 
pair,  are  the  tnte  vocal  cords  (Fie.  684).  The  latter  are  the  chief  agents  in  the 
production  of  the  voice,  and  the  larynx  is  so  constructed  that  changes  in  their 
relative  position  and  in  their  degree  of  tension  are  brought  about  by  the  action  of 
the  muscles  and  the  recoil  of  the  elastic  ligaments. 

Superior  Apertore  of  the  Larynx  (aditus  laryngis). — This  is  a  large  obliquelv- 
placed  opening  which  slopes  rapidly  from  above  downwards  and  backwards  and 
looks  backwards  into  the  upper  part  of  the  laryngeal  portion  of  the  pharynx.     Some- 
what triangular  in  outline, 
the  basal  part  of  the  apei- 
fii  tur«,  placed  above  and  in 

'°  front,  is  formed  by  the  free 

border    of    the     epiglottii^ 

Behind,  the  opening  rapidly 

narrows,   and   hoaUy   eiii^ 

in  the  interval  between  the 

two     arytenoid    cartilages 

■igiQtti.  The  sides  of  the  aperiun 

are   formed    by   two  simy 

fold     and     prominent     folds    of 

Tnwi  '"       mucous    membrane    calW 

'"*      the     aryteno  -  epiglottideMi 

]  beicic   foldfl  (pUcEe  aryepiglotlii;^, 

£2  which  stretch  between  the 

I  lateral  margins  of  the  epi- 

i»n  glottis    in    I'ro&t    and    the 

"'■  ^"^    arytenoid  cartilages  bt'iiind. 

Pfc.-  The    aryteno -epiglot- 

"™i»  tideau  folds  enclose  between 

the   two   layers  of  mucoiif^ 
membrane    which   com)>o8e 
Fio.  684.-8orEHioH  AranTum  or  Larvkx,   exposeJ  bj-  layiDg  opeu  thg^     some     COnneClive 
the  plinrvDs  from  behind.  , .  i         ei  i 

tissue,  musculai'  nbres  l"-- 
louging  to  the  aryteno-epiglottidean  muscles,  and  in  their  posterior  parts  the 
cuneiform  cartilages  and  the  comicula  laryngis  which  surmount  the  arytenoid 
cartilages.  These  small  nodules  of  cartilage  raise  the  hinder  part  of  the  aryteno- 
epiglottidean  fold  in  the  form  of  two  rounded  emincnoes,  termed  respectively  the 
cnaei&rm  tnberclo  (tuberculum  ouneiforme)  and  the  tubercle  of  Santoriai  (tuberculum 
comiculatum). 

On  either  side  of  the  posterior  and  lower  part  of  the  laryngeal  opening  there  is, 
in  the  pharynx,  a  small  downwardly -directed  recess  which  presents  a  wide  entrance. 
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>>ut  rapidly  narrows  towards  the  bottom.  It  is  termed  the  siniu  prnfonnis  aud  is  of 
importauce  to  the  sui^eoii,  because  foreign  bodies  introduced  into  tlie  pharynx  are 
liable  to  be  caught  in  this  little  pocket.  On  the  inner  side  the  sinus  pyriformis,  is 
bounded  by  the  arytenoid  cartilage  and  the  aryteno-epiglottidean  fold,  whilst  on 
the  outer  side  it  is  limited  by  the  inner  surface  of  the  ala  of  the  thyroid  cartilage, 
clothed  by  the  pharyngeal  mucous  membrane. 

Upper  Bubdivision  of  the  Laryiigeal  Cavity  (vestibulum  laryngia). — The 
upper  subdivision  of  the  laryngeal  cavity  extends  from  the  superior  opening  of  the 
larynx  down  to  the  false  vocal  cords.  In  its 
lower  part  it  exhibits  a  marked  lateral  com- 
pression. Its  width,  therefore,  diminishes  from 
aliove  downwards,  whilst,  owing  to  the  obliquity 
of  the  upper  aperture  of  the  larynx,  its  depth 
rapidly  diminishes  from  before  twckwards.  In- 
front  it  is  bounded  by  the  posterior  surface  of 
the  epiglottis,  clothed  by  mueous  membrane. 
This  wall  descends  obliquely  from  above  down- 
wardfl  and  forwards,  and  becomes  narrower  as  it 
approaches  the  anterior  ends  of  the  false  vocal 
cords.  The  upper  part  of  the  posterior  surface 
of  the  epiglottis  is  convex,  owing  to  the  manner 
in  which  the  upper  margin  is  curved  forwards 
towards  the  tongue ;  below  this  there  is  a 
slight  concavity,  and  still  lower  a  marked  bulg- 
ing or  convexity  over  the  upper  part  of  the 
thyro-epiglottidean  ligament.  This  swelling  is 
called  the  cnahion  or  tubercle  of  the  epiglottis 
(tuberculum  epiglotticum),  and  it  forms  a  con- 
spicuous object  in  laryngoscopic  examinations 
of  the  larynx.  The  lateral  wall  of  the  upper 
compartment  or  vestibule  of  the  larynx  is  formed 
by  the  inner  surface  of  the  aryteno-epiglottidean 
fold.      For    the   most    part   it   is  smooth   and 

slightly  concave,  and  it  diminishes  considerably  ,*'"'■  ^85.— coronal  sbction  thbodoh. 
in  vertical  depth  as  it  passes  backwarda  In  its  ^'"^"^  *" '"'""'  '^  ""^  <=on'P»rtme«t.. 
posterior  part  the  mucous  membrane  stands  out  in  two  elongated  vertical  elevations 
placed  one  behind  the  other  (Fig.  686,  p.  966).  The  anterior  elevation  is  formed 
by  the  subjacent  cuneiform  cartilage  with  the  mass  of  glands  associuted  with 
it ;  the  posterior  elevation  is  produced  by  the  anterior  margin  of  the  arytenoid 
cartilage  and  the  cartilage  of  Santorini.  A  shallow  groove  (philtrum  vetitriculi  of 
Merket)  descends  betweeu  these  rounded  elevations,  aud  terminates  below  by 
running  into  the  interval  between  the  false  and  true  vocal  cords.  The  anterior 
elevation  comes  to  an  end  below  in  the  posterior  extremity  of  the  false  vocal  cord; 
the  arytenoid  or  posterior  elevation,  in  its  inferior  part,  bends  round  the  hinder  end 
of  the  ventricle  of  the  larynx  aud  becomes  lost  in  the  true  vocal  cord.  1h%  posterior 
wait  of  the  laryngeal  vestibule  is  narrow,  and  corresponds  to  the  interval  betweeu 
the  upper  parts  of  the  two  arytenoid  cartilages.  Its  width,  to  a  large  extent, 
depends  on  the  position  of  these  cartilages,  and  when  they  are  placed  near  each  other 
the  mucous  membrane  which  covers  this  wall  is  thrown  into  longitudinal  folds. 

Middle  SabdiviBion  of  the  Laryngeal  Gavity, — The  middle  compartment  of 
the  larynx  is  much  the  smallest  of  the  three.  It  is  bounded  above  by  the  false 
vocal  cords  and  below  by  the  true  vocal  cords,  whilst  it  communicates  between 
these  folds  with  the  vestibule  on  the  one  hand  and  the  inferior  compartment  of 
the  larynx  on  the  other. 

The  fUse  vocal  cords  (plicee  ventriculares)  are  two  prominent  mucous  folds 
which  extend  from  before  backwards  on  the  side  walls  of  the  laryngeal  cavity.  In 
front  they  reach  the  angle  between  the  two  alffi  of  the  thyroid  cartilage,  but  behind 
they  do  not  extend  so  far  as  the  posterior  wall  of  the  larynx.  They  come  to  an 
end  on  each  side  at  the  lower  end  of  the  elongated  swelling  i>rod«eed  by  cuneiform 
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cartilage.  The  false  vocal  cord  is  soft  and  somewhat  flaccid,  and  presents  a  free 
border  which  is  slightly  arched — the  concavity  looking  downwarda  Within  the 
fold  of  mucous  uieuibrane  which  forms  this 
cord  are  contained :  (I)  the  feeble  superior 
thy ro- arytenoid  ligament;  (2)  numeroua 
glands  which  are  chletly  aggregated  in  its 
middle  part ;  and  (3)  a  few  muscle  fibres. 

The  interval  between  the  false  vocal 
cords  is  sometimes  termed  the  CUm  glottis 
(glottis  spuria),  and  is  considerably  wider 
than  the  interval  between  the  true  vocal 
cords,  which  is  called  the  tnu  (lottis  (glottis 
vera)  or  rima  glottidis.  It  followa  from  this 
that  when  the  cavity  of  the  larynx  is 
exanuned  from  above  the  four  cords  are 
distinctly  visible,  but  when  examined  from 
below  the  true  vocal  corda  atone  can  be 
seen. 

The  tnu  Tocal  cords  (plicie  vocalesj, 

placed  below  the  false  cords,  extend  from 

the  angle  between  the  alae  of  the  thyroid 

cartU^^  in  front  to  the  vocal  processes  of 

the  arytenoid  cartilages  behind.     The  true 

vocal  cord  is  Bharp  and  prominent,  and  the 

mucous  membrane  which  is  stretched  over 

it  is  very  thin  and  firmly  bound  down  to 

the  subjaceut  ligament.      In  colour  it  is 

pale,  almost  pearly  white,  whilst  posteriorly 

the  point  of  the  processus  vocalls  of  the 

arytenoid,  which  stands  out  clearly  in  rehuf. 

Fia.  686.— Mbsial  Sbction  thhouuh  Larynx    presents  a  yellowish  tinge.    In  cross-section 

to  »l,o*  th.  cuwr  ».il  or  tLe  right  liaif.  ^^^  ^^^  ^^^j  ^^  ^  pnamatic  in  form,  and 

its  free  border  looks  upwards  as  well  as  inwards. 

The  true  vocal  cords  are  the  agents  by  means  of  which  the  voice  is  produced. 
The  false  vocal  cords  are  of  little  import- 
ance in  this  respect ;    indeed,  they  can  nge 
in  great  part  be  destroyed  and  do  ap- 
preciable difference  in  the  voice  result.  ^j'iSmiii 

Glottis  vera  (rima  glottidis). — This 
name  is  applied  to  the  elongated  fissure  by  ■■ 

meaus  of  which  the  middle  compartment 

of   the   larynx   communicates  with   the  S^w^ 

lower  compartment.     It  is  placed  some-  i»rtiiM«« 

what  below  the  middle  of  the  laryngeal  a      oSiii^'' 

cavity,  of  which  it  constitutes  the  nar- 
rowest part.  In  front  it  corresponds  to 
the  interval  between  the  true  vocal 
corda ;  behind,  it  corresponds  to  the 
interval  between  the  bases  and  vocal 
processes  of  the  arytenoid  cartilagea  It 
is  composed,  therefore,  of  two  distinct 
parts:  (1)  a  narrow  anterior  portion, 
between  the  true  vocal  cords,  involving 
more  than  half  of  its  length,  and  called  the 
glottis  Tocalis  (pars  iTit«rmembranacea); 
(2)  a  broader,  shorter  portion,  between  a.  Durfng  ordinary  auy  breithing.  a  wudyopdi. 
the  arytenoid  cartilages,  and  termed  the 

glottis  respiiatoria  (pars  intercartilaginea).     By  changes  in  the  position  of  the  ary- 
tenoid cartilages  the  form  of  the  rima  glottidis  undergoes  constant  alterations.     In 


Pici.  6S7.— DiADiuii  iir  IUma  GLoniAU. 
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ordinary  easy  breathing  it  is  somewhat  lanceolate  in  outline.  The  glottis  vocalis 
presents  under  these  conditions  the  form  of  an  elongated  triangle  with  the  base 
directed  backwards,  and  corresponding  to  an  imaginary  line  drawn  between  the 
points  of  the  vocal  processes  of  the  arytenoid  cartilages,  whilst  the  glottis  respira- 
toria  is  somewhat  quadrangular.  When  the  glottis  is  opened  widely  the  broadest 
part  of  the  fissure  is  at  the  extremities  of  the  vocal  processes  of  the  arytenoids, 
and  here  the  side  of  the  rima  presents  a  marked  angle.  The  two  vocal  cords,  on 
the  other  hand,  may  be  approximated  to  each  other  so  closely,  as  in  singing  a  high 
note,  that  the  glottis  vocalis  is  reduced  to  a  linear  chink. 


The  length  of  the  rima  glottidis  differs  very  couaiderably  in  the  two  sexes,  and  upon  this 
itE|pendB  the  different  character  of  the  voice  in  the  laale  and  female.  According  to  Moiira,  the 
foUowing  are  the  average  nieasurenients  in  the  quiescent  condition  of  the  rima  : — 


Uale — Length  of  entire  rima  glottidis,  /  glottis  vocalis,  15'5  n 

23  mm. \  glottis  resjiiratoria,  T'5  mm. 

Female — Length  of  entire  rima  glottidis,  i  glottis  vocalis,  1 1'5  nnn. 

IT  mm. \  glottis  respiratoria,  6'&  mm. 

By  stretching  the  vocal  cords,  however,  the  length  of  the  rima  glottidis  in  the  male  may 
lie  increased  to  27'6  mm.,  and  in  the  female  to  30  iiihl 

The  position  of  the  rima  glottidis  may  be  indicated  on  the  surface  by  marking  a  point  on  the 
middle  line  of  the  neck  85  mm.  below  the  bottom  of  the  lliyruid  notch  in  the  male  and  6'5  mm. 
in  the  female.    This  is  the  average  poeition  (Taguchi). 

Laryngeal  Sinua  (ventricnlus  laryngis), — The  side  wall  of  the  larnyx,  in  the 
interval  between  the  false  and  the  true  vocal  cords,  exhibits  a  marked  pocket-like 
depression  or  recess  called  the  laryngeal  sinus.  The  recess  passes  upwards  so  as 
to  undermine  somewhat  the  false  vocal  cord,  and  its  mouth  is  somewhat  narrower 
than  its  cavity.  In  front  it  reaches  forwards  to  the  angle  between  the  alee  of  the 
thyroid  cartilage,  whilst  behind  it  ends  at  the  anterior  border  of  the  arytenoid 
cartilage. 

Under  cover  of  the  forepart  of  the  false  vocal  cord  a  small  slit-Iike  aperture 
may  be  detected  ;  this  leads  upwards  from  the  laryngeal  sinus  into  a  small  diverti- 
culum of  mucous  membrane,  termed  the  lairnKBSl  saccule  (appendix  veutriculi) 
which  ascends  between  the  false  vocal  cord  and  the  ala  of  the  thyroid  cartilage. 
The  laryngeal  saccule  is  of  variable  extent,  but  as  - — '- 

a  rule  it  ends  blindly  at  the  level  of  the  upper 
border  of  the  thyroid  cartilage. 

Sometimes  the  saccule  extends  much  higher,  and  may 
even  reach  the  hiuder  part  of  the  great  coniu  of  the 
bj'oid  botie.  This  is  of  interest  when  considered  in 
conneiiou  with  the  extensive  lamygeal  pouches  of  the 
anthropoid  apes. 

Lower  Compartment  of  the  Laxyngeal  Cavity. 
— This  leads  directly  downwards  into  the  trachea. 
Above  it  is  narrow  and  compressed  laterally,  but 
it  gradually  widens  out  until,  in  its  lowest  part,  it 
becomes  circular,  in  correspondence  with  the  trachea 

with  which  it  is  continuous.      It  is  bounded  by  the  fiej.  688.— Spbcimen  saowiNUiOKEiT 
sloping  inner  surfaces  of  the  crico- thyroid  merahraoe       Extbksion  op  ths  Saccclb  or  the 
and  by  the  inner  aspect  of  ths  cricoid  cartilage—         ^'-^f^- 
both  covered  by  smooth  mucous  membrane.     In  the  operation  of  laryngotomy  the 
opening  is  made  through  the  anterior  wall  of  this  compartment. 

Mucous  Membrane  of  the  Larynx.— The  mucous  membrane  which  lines  the 
larynx  h  continuous  above  with  that  lining  the  pharynx,  and  below  with  mucous 
membrane  of  the  trachea.  Over  the  posterior  surface  of  the  epiglottis  it  is  closely 
adherent,  but  elsewhere,  above  the  level  of  the  true  vocal  cords,  it  is  loosely 
attached  by  submucous  tissue  which  extends  into  the  aryteno-epiglottidean  folds. 
Aa  it  passes  over  the  true  vocal  cords  the  mucous  membrane  is  very  thin,  and  is 
tightly  bound  down. 

It  is  important  to  bear  these  facts  in  mind,  because  in  certain  inflammatory  conditions  the  lax 
submucous  tissue  in  the  upper  part  of  the  larynx  is  liable  to  become  infiltrated  with  fluid,  pro- 
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downwards  tx)wards  the  chest.  Again,  if  the  6nger  is  placed  upon  it  during  deglutition,  it 
will  be  seen  that  the  larynx  moves  to  a  very  considerable  extent.  The  pharyngeal  muscles 
attached  to  it,  and  more  especially  the  stylo-pharyngeal  muscles,  are  chiefly  responsible 
for  bringing  about  these  movements.  During  singing,  changes  in  the  position  of  the 
larynx  may  also  be  noted,  a  high  note  being  accompanied  by  a  slight  elevation,  and  a  low 
note  by  a  slight  depression  of  the  organ. 

The  position  of  the  larynx  is  not  the  same  at  all  periods  of  development  and  growth. 
In  the  fcBtus,  shortly  before  birth,  it  lies  much  higher  up  in  the  neck.  Thus  its  lower 
border  corresponds  to  the  lower  border  of  the  fourth  cervical  vertebra.  Its  permanent 
position  is  not  reached  until  the  period  of  puberty  is  attained  (Symington).  This  descent 
of  the  larynx  has  been  stated  to  be  due  to  the  rapid  and  striking  growth  of  the  facial  part 
of  the  skull  which  lies  above  it  (Symington).  It  is  very  doubtful,  however,  if  the  facial 
growth  has  any  influence  in  this  direction.  In  the  anthropoid  ape,  in  which  the  face  forms 
a  much  greater  part  of  the  skull  than  in  man,  and  in  which,  in  the  transition  from  the 
infantile  to  the  adult  condition,  the  facial  growth  is  even  more  striking  than  it  is  in  man, 
the  larynx  occupies  a  relatively  higher  position  in  the  neck.  In  the  early  stages  of 
growth  all  the  thoracic  viscera  undergo  a  gradual  subsidence.  The  larynx  in  its  descent 
follows  these.  Indeed  it  cannot  do  otherwise,  seeing  that  the  bifurcation  of  the  trachea 
between  infancy  and  puberty  moves  downwards  more  than  the  depth  of  one  thoracic 
vertebra. 

Oeneral  Gonstmction  of  the  Larynx. — The  wall  of  the  larynx  is  constructed 
upon  a  somewhat  complicated  plan.  There  is  a  frame- work  composed  of  several 
cartilages.  These  are  connected  together  at  certain  points  by  distinct  joints  and 
also  by  elastic  membranes.  Two  elastic  cords,  which  stretch  in  an  antero-posterior 
direction  from  the  front  to  the  back  wall  of  the  larynx,  form  the  ground-work  of 
the  true  vocal  cords.  Numerous  muscles  are  likewise  present.  These  operate 
upon  the  cartilages  of  the  larynx,  and  thereby  not  only  bring  about  changes  iu 
the  relative  position  of  the  true  vocal  cords,  but  also  produce  different  degrees  of 
tension  of  these  cords.  The  cavity  of  the  larynx  is  lined  with  mucous  membrane, 
under  which,  in  certain  localities,  are  collected  masses  of  mucous  glands. 

CARTILAGES  OF  THE  LARYNX. 

There  are  three  single  cartilages  and  three  pairs  of  cartilages  entering  into  the 
construction  of  the  laryngeal  wall.     They  are  named  as  follows : — 

Single  cartilages  J  Cricoid.  Paired  cartilages  <  _^.,         ^  §^\.    •  • 

I  F  ■  1  tt*  i      cartilages  of  Santonni. 

*^  ^         '  { Cuneiform  cartilages. 

Thyroid  Cartilage  (cartilage  thyreoidea). — The  thyroid  cartilage,  the  largest 
of  the  laryngeal  cartilages,  is  formed  of  two  quadrilateral  plates  termed  the  ato, 
which  meet  in  front  at  an  angle,  and  become  fused  along  the  mesial  plane.  Behind. 
the  alsB  diverge  from  each  other,  and  enclose  a  wide  angular  space  which  is  o]ien 
behind.  The  anterior  borders  of  the  alae  are  only  fused  in  their  lower  parts.  Above 
they  are  separated  by  a  deep,  narrow  V-shaped  median  notch,  called  the  indinn 
thyroidea.  In  the  adult  male  the  angle  formed  by  the  meeting  of  the  anterior 
borders  of  the  two  alse,  especially  in  its  upper  part,  is  very  projecting,  and  with  the 
margins  of  the  thyroid  notch,  which  lies  above,  constitutes  a  marked  subcutaneous 
prominence  in  the  neck,  which  receives  the  name  of  the  pomum  AdamL 

The  angle  which  is  formed  by  the  meeting  of  the  two  alee  of  the  thyroid  cartila^  varies  to 
Bome  extent  in  different  individuals  of  the  same  sex,  and  shows  marked  differences  in  the  two 
sexes  and  at  different  periods  of  life.  In  the  adult  male  the  average  angle  is  said  to  be  90* :  in 
the  adult  female  it  is  ISC'* ;  whilst  in  the  infant  the  alas  meet  in  the  form  of  a  gentle  curve 
convex  to  the  front 

The  posterior  border  of  each  ala  of  the  thyroid  cartilage  is  thick  and  rounded, 
and  is  prolonged  beyond  the  superior  and  inferior  borders  in  the  form  of  two  slender 
cylindrical  processes,  termed  cornua.  The  saperior  comu  is  longer  than  the  inferi»»r 
cornu.  It  is  directed  upwards,  with  a  slight  inclination  inwards  and  backwanLs 
and  it  ends  in  a  rounded  extremity,  which  is  joined  to  the  tip  of  the  great  cornu  ot 
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the  byoid  bone  hy  the  lateral  thyro-hyoid  ligament.     The  infarior  cornn  is  shorter 

and  stouter  than  the  superior  corau.     As  it  pixxieeds  downwards  it  curves  slightly 

inwards,  and  upon  the  inner  face  of  Hyoid  bma     Epigiottn 

its  extremity  it  shows  a  circular  flat 

facet,  by  means  of  which  it  articulates 

with  a  similar  facet  on  the  lateral 

aspect  of  the  cricoid  cartilage.     The 

superior  border  of  the  ala  is  for  the 

most   part   slightly  convex,   and   in 

front  it  dips  suddenly  down  to  become     sup 

continuous  with   the  margin  of  the      "'' 

thyroid  notch.     Posteriorly,  where  it 

joins  the  superior  comu,  it  exhibits     Thy 

a  shallow  notch  or  concavity.     The 

in/erwr  border  is  to  all  intents  and     p^^ 

purposes  horizontal,  but  it  is  marked 

off  by  a  projection,  termed  the  inferior 

taberde,  into  a  short  poBterior  part, 

which  shows  a  shallow  concavity  in      thy 

front   of   the  inferior  cornu,  and   a      ,^^ 

longer  part  which  lies  in  front  of  the 

tubercle,  which  is  also  concave,  but  to 

a  less  degree.     The  external  surface 

of  the  ala  is  divided  into  two  unequal 

areas   by  an   obliiiiie   line   or   ridge. 

This  line  begins  above  at  the  superior      ''■"'■  bso.-Thb  Cartil^ubs  and  Ligahbkts  or  thi 

...       ,  *         ,  ■>      ,.   J    ■  Labimx  viewed  prou  the  Front. 

tnberde,  a  prominence  situated  im- 
mediately below  the  superior  border,  and  a  short  disteince  in  front  of  the  root  of 

the  superior  cornu.     From  this  the  oblique  line  proceeds  downwards  and  forwards, 

to  end  inferiorly  in  the  inferior  tubercle  on  the  lower  border  of  the  ala.     The  area 

which  lies  behind  the  obUque  line  is  much  smaller  than  that  which  lies  in  front. 
It  is  covered  by  the  inferior  constrictor  muscle 
of  the  pharynx.  The  larger  anterior  area  is  for 
the  most  part  covered  by  the  thyro-hyoid 
muscle.  To  the  oblique  line  are  attached  the 
sterno-thyroid  and  thyro-hyoid  musclea  The 
tnuow"  inner  surface  of  the  ala  of  the  thyroid  cartilage 
Thyro-hyoia     ig  smooth  and  slightly  concave. 

Cricoid  Cartilage  (cartilago  cricoidea). — 
The  cricoid  cartilage  is  shaped  Uke  a  signet- 
ring.  Behind,  there  is  a  broad,  thick  plate 
somewhat  quadrilateral  in  form  and  termed 
the  posterior  lamina ;  whilst  in  front  and  later- 
ally, the  circumference  of  the  ring  is  com- 
pleted by  a  curved  band,  called  the  anterior 
arch.  The  lumen  of  the  ring  enclosed  by 
'  these  parts  is  circular  below,  but  above  the 
ring  is  compressed  laterally,  so  that  the  lumen 
becomes  elliptical.  The  superior  border  of 
the  posterior  lamina  presents  a  faintly- marked 
median  notch.  On  either  side  of  this  there  is 
an  oval  convex  facet  which  looks  more  out- 
wards than  upwards,  and  which  articulates 
with  the  base  of  the  arytenoid  cartilage.  The 
TRi  Cartilaqeb  posterior  surface  of  the  lamina  is  divided  by 
B  Lartnx.  an  elevated  median  ridge  into  two  depressed 

areas  which  give  attachment  to  the  posterior 

crico-arytenoid  muscles.     The  front  part  of  the  anterior  ardi  of  the  cricoid  is  in 

the  form  of  u  narrow  band,  but  as  it  proceeds  backwards  towards  the  posterior 
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lamina  its  superior  border  rises  rapidly,  and  in  consequence  the  arch  becomes  much 
broader.  The  inferior  harder  of  the  cricoid  ie  nearly  horizontal,  although  it 
frequently  presents  a  median  projection  in  front,  and  a  lateral  projection  on 
either  aide.  It  ia  joined  to  the  first  ring  of  the  trachea  by  an  intervening  elastic 
membrane.  On  the  outer  surface  of  the  cricoid  cartilage,  at  the  place  where  the 
anterior  arch  joins  the  posterior  lamina,  a  vertical  ridge  descends  from  the 
arytenoid  articular  facet.  On  this,  a  short  distauce  from  the  lower  border  of  the 
cartilage,  a  prominent  circular  articular  facet  is  visible  for  articulation  with  the 
inferior  cornu  of  the  thyroid  cartilage  (Fig.  683,  p.  963).  The  inner  sarfaeeai 
the  cricoid  cartilage  is  smooth,  and  is  lined  by  mucous  membrane. 

The  narrow  band-like  part  of  the  anterior  arch  of  the  cricoid  cartilage  lies 
below  the  lower  border  of  the  thyroid  cartilage,  whilst  the  posterior  lamina  is 
I'eceived  into  the  interval  between  the  posterior  portions  of  the  alfe  of  the  thyroid 
cartilage. 

Aiytenoid  Cartilages  (cartU^ines  aryteenoideee). — The  arytenoid  cartilages  atv 
placed  one  on  either  side  of  the  mesial  plane,  and  rest  upon  the  upper  border  of  the 
posterior    lamina    of    the    cricoid 
cartilage,  in  the  interval  between 
the  posterior  portions  of  the  ala*  ol 
the  thyroid  cartilage.     They  pre- 
rtooe,         sent  a  somewhat  pyramidal  form 
The  pointed  apez  or  summit  of  each 
:iott  ean      jg  directed  Upwards,  and  at  the  Same 
j^^^        timecurvesbackwardfiaQdinward& 
rtLLigc         It  supports  thecorniculumlaryugi^ 
Of  the  three  surfaces,  one  luob 
directly  inwards  towards  the  cor- 
responding surface  of  the  oppoaiie 
fsutoriDt     cartilage,  from  which  it  is  separated 
i»rui«g»      hyanarrowinterval;  anotherloob 
g™^'     backwards ;    whilst    the   third  is 
directed    outwards  and    forwank 
The  internal  surface,  which  is  the 
^Jl^'         smallest  of  the  three,  is  triangular 
in  outline.     It  is  narrow,  vertical. 
and  even,  and  is  clothed  by  thf 
lining   mucous  membrane  of  the 
larynx.     The  posteriw   sur/aec  L* 
smooth   and   concave   from  above 
downwards;    it   lodges   and  give? 
attachment    to    the   arytenoideu> 
trauB versus   muscle.     The   antero- 
Fio.  SS2.— CiBTiLAGEa  AND  LiQANBHTa  OF  Lartk}!,         exttrnol  surfacB  IS  the  most  exteo- 
"  '*"'  ^"°'  '**■*'"'■  sive  of  the  three  (Fig.  683,  p.  9t;y  . 

Its  middle  part  is  marked  by  a  deep  depression  in  which  is  lodged  a  mass  ol 
mucous  glands.  Upon  this  surface  of  the  arytenoid  cartilage  the  powerful  thyn' 
arytenoid  muscle  is  inserted,  whilst  a  small  tubercle  a  short  distance  above  thr 
bast!  gives  attachment  to  the  superior  thyro-arytenoid  ligament^the  feeble  HUp. 
porting  ligament  of  the  false  vocal  cord.  The  three  surfaces  of  the  arytonoiii 
cartilage  are  separated  from  each  other  by  an  anterior,  a  posterior,  and  an  external 
border.  The  external  border  is  the  longest,  and  it  pursues,  as  it  ia  traced  from  the 
apex  to  the  base,  a  sinuous  course.  Reaching  the  base  of  the  cartilage,  it  is  yn- 
longod  outwards  and  backwards  in  the  form  of  a  stout  prominent  angle  or  process, 
termed  the  processns  moBcularia.  Into  the  front  of  this  process  is  inserted  the  criuo- 
arytenoideus  lateralis  muscle ;  whilst  into  its  posterior  aspect  the  crico-arytenoideup 
jjosticns  muscle  is  inserted.  A  small  nodule  of  yellow  elastic  cartilage,  ealW 
the  soBamoid  cartilage,  is  frequently  found  on  the  external  border  of  the  arrtenoi'l 
cartilage,  where  it  is  held  in  position  by  the  investing  perichondrium.  The 
•interior  border  of  the  arytenoid  is  vertical,  and  at  the  liase  of  the  cartilage  i" 
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prolonged  horizontally  forwards  into  a  small  sharp-pointed  process  called  the  proceflsus 
vocalis.  It  receives  this  name  because  it  gives  attachment  to  the  inferior  thyro- 
arytenoid ligament  or  supporting  band  of  the  true  vocal  cord.  The  base  of  the 
arytenoid  cartilage  presents  on  its  under  surface,  and  more  particularly  on  the 
under  surface  of  the  processus  muscularis,  an  elongated  concave  facet  for  articulation 
with  the  upper  border  of  the  posterior  lamina  of  the  cricoid  cartilage. 

Cartilages  of  Santorini  (cartilagines  corniculatse). — The  cartilages  of  Santorini, 
or  the  cornicula  laryngis,  are  two  minute  conical  nodules  of  yellow  elasticfcartilage 
which  surmount  the  apices  of  the  arytenoids,  and  prolong  the  upper  curved  ends  of 
these  cartilages  in  a  backward  and  inward  direction.  Each  cartilage  of  Santorini 
is  enclosed  within  the  posterior  part  of  the  corresponding  aryteno-epiglottidean 
fold  of  mucous  membrane. 

Cuneiform  Cartilages  (cartilagines  cuneiformes). — The  cuneiform  cartilages 
are  not  invariably  present.  They  are  two  minute  rod-shaped  pieces  of  yellow 
elastic  cartilage,  each  of  which  occupies  a  place  in  the  corresponding  aryteno- 
epiglottidean  fold  of  mucous  membrane  immediately  in  front  of  the  arytenoid 
cartilage  and  the  cartilage  of  Santorini.  On  the  superficial  surface  of  each  a 
collection  of  mucous  glands  is  present,  and  this  tends  to  make  the  cartilage  stand 
out  in  relief  under  the  mucous  membrane. 

Epiglottidean  Cartilage  (cartilage  epiglottica). — The  epiglottis  is  supported 
by  a  thin  leaf- like  lamina  of  yellow  fibro-cartilage  which  is  placed  behind  the 
root  of  the  tongue  and  the  body  of  the  hyoid  bone,  and  in  front  of  the  superior 
aperture  of  the  larynx.  When  divested  of  the  mucous  membrane,  which  covers  it 
behind  and  elIso  to  some  extent  in  front,  the  epiglottidean  cartilage  is  seen  to 
present  the  outline  of  a  bicycle-saddle,  and  to  be  indented  by  pits  and  pierced  by 
numerous  perforations.  In  the  former,  glands  are  lodged,  whilst  through  the  latter, 
blood-vessels  and  in  some  cases  nerves  pass.  The  broad  end  of  the  cartilage  is 
directed  upwards,  and  is  free.  Its  margins  are,  to  a  large  extent,  enclosed  within  the 
aryteno-epiglottidean  folds  of  mucous  membrane.  The  anterior  surface  is  only  free 
in  its  upper  part.  This  part  is  covered  with  mucous  membrane,  and  looks  towards 
the  pharyngeal  part  of  the  tongue.  The  posterior  surface  is  covered  throughout  its 
whole  extent  by  the  lining  mucous  membrane  of  the  laryngeal  cavity.  The  lower 
pointed  extremity  of  the  cartilage  is  carried  downwards  in  the  form  of  a  strong 
fibrous  band,  termed  the  thyro-epiglottidean  ligament. 

Ossification  of  the  Cartilages  of  the   Larynx. — The  thyroid  and  cricoid 

cartilages  and  the  greater  part  of  the  arytenoid  cartilages  are  composed  of  the  hyaline 
variety  of  cartilage.  The  apical  parts,  and  also  the  vocal  processes  of  the  arytenoid 
cartilages,  the  cartilages  of  Santorini,  the  cuneiform  cartilages,  and  the  epiglottis,  are 
formed  of  yellow  fibro-cartilage,  and  at  no  period  of  life  do  they  exhibit  any  tendency 
towards  the  ossific  change.  The  thyroid,  cricoid,  and  basal  portions  of  the  arytenoids,  as 
life  advances,  become  more  or  less  completely  transformed  into  bone.  In  males  over 
twenty  years  of  age,  and  in  females  over  twenty-two  years  of  age,  the  process  will  usually 
be  found  to  have  begun  (Chievitz).  It  is  impossible,  however,  by  an  examination  of  the 
laryngeal  cartilages,  to  form  an  estimate  of  the  age  of  the  individual,  although  in  old  age 
it  is  usual  to  find  the  thjrroid,  cricoid,  and  the  hyaline  part  of  the  arytenoid  completely 
ossified.  It  would  appear  that  the  process  is  somewhat  slower  in  the  female  than  in  the 
male.  The  thyroid  is  the  first  to  show  the  change ;  then,  but  almost  at  the  same  time, 
the  cricoid,  and  lastly,  a  few  years  later,  the  arytenoid. 

JOINTS,  LIGAMENTS,  AND  MEMBRANES  OF  THE  LARYNX. 

Crico-thyroid  Joints  (articulationes  oricothyreoidese). — These  are  diarthrodial 
joints,  and  are  formed  by  the  apposition  of  the  circular  facets  on  the  tips  of  the 
inferior  cornua  of  the  thyroid  cartilage  with  the  elevated  circular  facets  on  the 
sides  of  the  cricoid  cartilage.  A  capsular  ligament  is  thrown  around  each  articula- 
tion, and  this  is  lined  by  synovial  membrane.  On  the  posterior  aspect  of  the  joint 
a  strengthening  band  is  present  in  the  capsule.  The  movements  which  take  place 
at  th !  crico-thyroid  joints  are  of  a  twofold  character,  viz.  gliding  and  rotatory.  In 
the  first  case  the  thyroid  facets  glide  upon  the  cricoid  surfaces  in  different  directiona 
65 
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The  rotatory  movement  is  one  in  which  the  thyroid  cartUage  rotates  to  a  slight 
extent  around  a  transverse  axis  which  peisses  through  the  centre  of  the  two  joints. 

Grico-arytenoid  Joints  (articulationes  cricoarytsenoidese). — These  also  are 
diarthrodial  articulations.  In  each  case  there  is  a  joint  cavity  surrounded  by  a 
capsular  ligament,  which  is  lined  by  a  synovial  membrane.  The  cricoid  articular 
surface  is  convex,  whilst  that  of  the  arytenoid  ia  concave ;  both  are  elongated  or 
elliptical  in  form,  and  they  are  applied  to  each  other,  so  that  the  long  axis  of  the  one 
intersects  or  crosses  that  of  the  other  at  an  acute  angle.  In  no  position  of  the  joint 
do  the  two  surfaces  accurately  coincide — a  portion  of  the  cricoid  facet  is  always  left 
uncovered.  The  capsule  of  the  joint  is  strengthened  behind  by  a  band  which  is 
inserted  into  the  inner  and  back  part  of  the  betse  of  the  arytenoid  cartilage,  and  plays 
a  somewhat  important  part  in  the  mechanism  of  the  joint ;  it  arrests  effectnally 
excessive  forward  movement  of  the  arytenoid  cartilage. 

The  movements  which  take  place  at  the  crico-arytenoid  joint  are  of  a  twofold 
kind,  viz.  gliding  and  rotatory.  The  ordinary  position  of  the  arytenoid  during  easy, 
quiet  breathing  is  one  in  which  it  rests  upon  the  outer  part  of  the  cricoid  facet. 
By  a  gliding  movement  it  can  ascend  upon  the  cricoid  facet,  and  advance  towards 
the  median  plane  and  its  fellow  of  the  opposite  side.  The  gliding  movements, 
therefore,  are  of  such  a  character  that  the  two  arytenoid  cartilages  approach  or 
retreat  from  each  other  and  the  mesial  plane.  In  the  rotatory  movement  the 
arytenoid  cartilage  revolves  around  a  vertical  axia  By  this  movement  the  vocal 
process  is  swung  outwards  or  inwards,  so  as  to  open  or  close  the  rima  glottidia 

The  joint  between  the  arytenoid  and  the  cartilage  of  Santorini  may  either 
partake  of  the  nature  of  an  amphiarthrosis  or  of  a  diarthrosis.  The  tips  of  the  two 
cornicula  laryngis  can  generally  be  made  out  to  be  connected  to  the  upper  border  of 
the  posterior  lajmina  of  the  cricoid  cartilage  by  a  delicate  Y-shaped  ligament  termed 
the  ligamentum  Jugale. 

Thyro-hyoid  Membrane  (membrana  hyothyreoidea). — This  is  a  broad  mem- 
branous and  somewhat  elastic  sheet  which  occupies  the  interval  between  the  hyoid 
bone  and  the  thyroid  cartilaga  It  is  not  equally  strong  throughout.  It  presents 
a  central  thick  portion  and  a  cord-like  right  and  left  margin,  whilst  in  the  intervals 
between  these  it  is  thin  and  weak  (Figs.  680  and  681,  p.  959).  The  central  thickener! 
part  (ligamentum  thyro-hyoideum  medium)  is  largely  composed  of  elastic  fibre>. 
Below,  it  is  attached  to  the  margins  of  the  thyroid  notch,  whilst  above,  it  is  fixeil 
to  the  posterior  aspect  of  the  upper  margin  of  the  body  of  the  hyoid  bone  The 
upper  part,  therefore,  of  its  anterior  surface  is  placed  behind  the  posterior  hollowed- 
out  surface  of  the  body  of  the  hyoid  bone ;  a  synovial  bursa  of  variable  extent  is 
placed  between  them,  and  in  certain  movements  of  the  head  and  larynx  the  upper 
border  of  the  thyroid  cartilage  slips  upwards  behind  the  hyoid  bone.  On  either 
side  of  the  strong  central  part,  the  tbyro-hyoid  membrane  is  thin  and  loose.  It  is 
attached  below  to  the  upper  border  of  the  thyroid  cartilage,  and  above  to  the 
posterior  aspect  of  the  great  cornu  of  the  hyoid  bone.  It  is  pierced  by  the  internal 
laryngeal  nerve  and  the  superior  laryngeal  vessels.  The  posterior  border  of  the 
thyro-hyoid  membrane  on  each  side  is  thickened,  round,  and  cord-hke,  and  is  chieflr 
composed  of  elastic  fibres.  It  is  termed  the  ligamentiun  thyro-hyoidenm  laterale, 
and  extends  from  the  tip  of  the  great  cornu  of  the  hyoid  bone  to  the  extremity  of 
the  superior  cornu  of  the  thyroid  cartilage.  In  this  ligament  there  is  usually 
developed  a  small  oval  cartilaginous  or  bony  nodule  which  receives  the  name  of  the 
cartilage  triticea.  The  deep  surface  of  the  lateral  part  of  the  thyro-hyoid  membrane 
is  covered  by  the  pharyngeal  mucous  membrane.  Behind  its  central  part  lies  the 
epiglottis,  but  separated  from  it  by  a  mass  of  adipose  tissue  (Fig.  686,  p.  966). 

Orico-thyroid  Membrane  (membrana  cricothyreoidea). — This  is  a  very  important 
structure,  which  must  be  considered  in  three  parts,  viz.  a  central  and  two  lateral, 
all  of  which  are  directly  continuous  with  each  other,  and  differ  only  in  the  natuiv 
of  their  superior  connexions.  The  central  part  of  the  crico-thyroid  membrane  i» 
strong,  tense,  and  elastic.  It  is  triangular  in  shape,  and  is  attached  by  its  bnwd 
base  to  the  upper  border  of  the  anterior  arch  of  cricoid  cartilage,  whilst  above,  it  i*» 
fixed  to  the  middle  part  of  the  lower  border  of  the  thyroid  cartilage  (Fig.  680,  p.  9591 
It  is  pierced  by  minute  apertures,  and  is  crossed  superficially  by  the  crico-thyit»id 
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branch  of  the  superior  laryngeal  artery.    The  ceotral  part  of  the  crico-thyroid  mem- 
brane, therefore,  elosee  in  front  the  interval  between  the  cricoid  and  thyroid  cartilagea. 
The  lateral  part  on  each  side  presents  very  different  connexions.     It  is  not  attached 
to  the  lower  border  of  the  thyroid  cartilage,  but  slopes  upwards  and  inwards  within 
the  thyroid  ala,  and  thus  diminishes  materially  the  transverse  width  of  the  lower 
subdivision  of  the  laryngeal  cavity.     Its 
attachments  are  very  definite.     Below,  it 
is  fixed  to  the  upper  border  of  the  cricoid 
cartilage,   immedutely  subjacent  to   the 

lining  mucous  membrane  of  the  larynx ;  n>c»i 

above,  it  is  directly  continuous  with  the 
inferior  thyro-arytenoid  ligament  or  sup- 
porting band  of  the  true  vocal  cord.     This  lotiidii 
ligament,   Indeed,   may  be   looked   upon 

OR  constituting  the  upper  thickened  free  moftmf 

border  of  the  lateral  part  of  the  crioo-  '^'n,  i.r  r:ri..o. 

thyroid  membrane.     In  front,  the  lateral  membmio 

part   of  the  crico-thyroid   membrane   is  iiiSmJli^"' 

attached  to  the  lower  half  of  the  inner 
surface  of  the  ala  of  the  thyroid  cartilage, 
close  to  the  aogle,  and  behind,  to  the 
lower  border  of  the  processus  vocalis  of 
the  arytenoid  cartilage.     In  contact  with 

the  outer  surface  of  the  lateral  part  of  Km.  6S3.— DcanicTioN  toshhw  the  Latehai.  Paht 
the  crico-thyroid  membrane,  and  separat-         "►■  '"■  cbiwthvboid  Mimbbanb.    Th«  rigbi 

.,   -         ',      .,         -3     1        „    »L     1   .   _  I  ulii  of  the  tliyroid  cartilaflD  has  beeu  reiDoved. 

mg  it  from  the  thyroid  ala,  are  the  lateral  '  " 

crico-arytenoid  and'  the  thyro-arytenoid  muscles ;  the  inner  sur/aee  is  clothed  by 
the  lining  mucous  membrane  of  the  larynx. 

Inferior  Thyro-arytenoid  Ligament  (ligamentum  vocale). — This  is  formed 
in  connexion  with  the  upper  border  of  the  lateral  part  of  the  crico-thyroid 
membrane,  and  it  constitutes  the  supporting  ligament  of  the  true  vocal  cord.  It 
is  attached  in  front,  close  to  its  fellow  of  the  opposite  side,  to  the  middle  of  the 
angular  depression  between  the  two  alee  of  the  thyroid  cartilage.  From  this  it 
stretches  backwards,  and  becomes  inoorporat«d  with  the  tip  and  upper  border  of  the 
processus  vocahs  which  projects  forwards  from  the  base  of  the  arytenoid  cartilage. 
The  inferior  thyro-arytenoid  ligament  is  composed  of  yellow  elastic  fibres,  and 
embedded  in  its  anterior  extremity  there  is  frequently  a  minute  nodule  of  elastic 
cartilage.  Its  inner  border  is  sharp  and  free,  and  is  clothed  by  mucous  membrane, 
which  in  this  position  is  very  thin  and  tightly  bound  down  to  the  ligament. 

The  SQperior  thyro-arytenoid  ligament  (hgamentum  veutricitlare)  supports 
the  false  vocal  cord.  It  is  weak  and  indefinite,  but  somewhat  longer  than  the 
preceding  ligament.  In  front  it  is  attached  to  the  angular  depression  between  the 
two  alte  of  the  thyroid  cartilage,  above  the  true  vocal  hgaments  and  close  to  the 
att>eu:hment  of  the  thyro-epiglottidean  hgament,  and  it  extends  backwards  to  be  fixed 
to  a  tubercle  on  the  antero-exterual  surface  of  the  arytenoid  cartilage,  a  short  dis- 
tance above  the  processus  vocalis.  It  is  composed  of  connective  tissue  and  elastic 
fibres  which  are  continuous  with  the  fibrous  tissue  in  the  arytono-epiglottidean  fold. 

Epiglottidean  Ligamenta. — The  epiglottis  is  bound  by  hgainents  to  the  base 
of  the  tongue,  to  the  wall  of  the  pharynx,  to  the  hyoid  bone,  and  to  the  thyroid 
cartilage.  The  glosBo-epiglottidean  ligament  (plica  glosso-epiglottica  medianu)  is 
a  prominent  mesial  fold  of  mucous  membrane  which  proceeds  from  the  middle 
of  the  anterior  free  surface  of  the  epiglottis  to  the  base  of  the  tongue.  The 
phaimBO-eplxlottidean  ligaments  or  folds  (plicee  glosao-epiglotticEe  laterales)  are 
similar  mucous  folds  which  proceed  from  the  margins  of  the  epiglottis  in  an  upward 
direction  on  the  side  wall  of  the  pharynx.  Between  the  two  layers  of  mucous 
membrane  which  form  the  gloaso- epiglottidean  and  pharyngo-eplglottidean  folds 
there  is  a  certain  amount  of  elastic  tissue.  By  the  three  folds  the  depression 
lietweeu  the  root  of  the  tongue  and  the  epiglottis  is  marked  off  into  two  fossa; 
termed  the  vallecnls. 
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The  liyo-epiglottidean  ligammt  (ligtuneatuin  hyoepiglotticum)  is  a  short,  broad 
elastic  band,  somewhat  broken  up  by  adipose  tissue,  which  oonneots  the  antehoi 
face  of  the  epiglottis  to  the  upper  border  of  the  hyoid  bone  (tig.  686,  p.  966).  The 
tliyTo-epi^ottideaa  ligament  (l^mentum  thyieoepiglottioum)  is  stroDg  and  thick' 
(Fig.  682,  p.  960).  Composed  mainly  of  elastic  tissue,  it  proceeds  downwards  From 
the  lower  pointed  extremity  of  the  epiglottis,  and  is  attached  to  the  angular 
depression  between  the  two  alte  of  the  thyroid  cartilage  below  and  behind  the 
median  notch. 

A  triangular  interval  is  left  between  the  anterior  face  of  the  epiglottis  and  llir 
thyro-hyoid  membrane.  This  is  imperfectly  closed  above  by  the  hyo-epiglottidean 
ligament,  and  contains  a  pad  of  soft  fat  (Fig.  686,  p.  966). 

INTKRIOR  OF  THE  LARYNX. 

The  cavity  of  the  larynx  is  smaller  than  might  be  expected  from  an  inspection 
of  its  exterior.  On  looking  into  its  interior  through  the  superior  aperture  it  is 
seen  to  be  subdivided  into  three  portions  liy  two  elevated  folds  of  mucous  membrsue 
which  extend  from  before  backwards,  and  project  inwards  from  each  sida-wall  of  the 
cavity.  The  upper  pair  of  folds  are  the  false  vocal  oords ;  the  lower,  more  definite 
pair,  are  the  true  vocal  cords  (Fig.  684).  The  latter  are  the  chief  agents  in  the 
production  of  the  voice,  and  the  larynx  Is  so  constructed  that  changes  in  their 
relative  position  and  in  their  degree  of  tension  are  brought  about  by  the  action  ol 
the  muscles  and  the  recoil  of  the  elastic  ligaments. 

Superior  Apertore  of  tlie  Larynx  (aditus  laryngis). — This  is  a  large  ohhquely- 
placed  opening  which  slopes  rapidly  from  above  downwards  and  backwards  and 
looks  backwards  into  the  upper  part  of  the  laryngeal  portion  of  the  pharynx.     Some- 
what triangular  in  outline, 
the  basal  part  of  the  aper- 
Bi  ture,  placed  above  and  in 

*"  front,  is  formed  by  the  free 

border    of    the     epiglottii' 

Behind,  the  opening  rapidly 

narrows,  and   finally   ends 

in  the  interval  between  the 

two    arytenoid    cartilages. 

4g]oitj,  The  sides  of  the  aperture 

are   formed    by    two  shaq> 

^^°^\  (old     and     prominent     folds    ol 

t™,  ""       mucous    membrane    called 

>rd       the     aryteno  -  apiglottidsu 

1  tw"!*   folds  (plicse  aryepiglottic*,. 

^  which  stretch  between  the 

I  lateral  margins  of  the  epi- 

eor  glottis    in    front    and    the 

"'■  ^"^    arytenoid  cartilages  behind. 

P^  The   aryteno-epiglot- 

<«i)  tideau  folds  enclose  betveea 

the  two  layers  of  mucous 
membrane  which  comiKwe 
iKTNx,  exposed  by  layiug  op«u  ^jj^^^  gQ^jg  connective 
tissue,  muscular  fibres  If- 
longing  to  the  aryteno-epiglottidean  muscles,  and  in  their  posterior  parts  the 
cuneiform  cartilages  and  the  comicula  laryngis  which  surmount  the  arjteiioiii 
cartilages.  These  small  nodules  of  cartilage  raise  the  hinder  part  of  the  aryteuo- 
epiglottidean  fold  in  the  form  of  two  rounded  eminences,  termed  respectively  lie 
cimeiform  tubercle  (tubereulum  cuneiforrae)  and  the  tubercle  of  Santorini  (tuberculum 
comiculatum). 

On  either  side  of  the  poeterior  and  lower  part  of  the  laryngeal  opening  there  is, 
in  the  pharynx,  a  small  downwardly -directed  recess  which  presents  a  wide  entrance. 


INTERIOR  OF  THE  LARYNX.  965 

hut  rapidly  narrowB  tuwards  the  bottom.  It  is  termed  the  sinns  prrifoimis  and  is  of 
importauce  to  the  surgeon,  because  foreign  bodies  introduced  into  the  pharynx  are 
liable  to  be  caught  in  this  little  pocket.  On  the  inner  side  the  sinus  piriformis,  is 
bounded  by  the  arytenoid  cartil^e  and  the  aryteno-epiglottidean  fold,  whilst  on 
the  outer  side  it  ia  limited  by  the  inner  surface  of  the  ala  of  the  thyroid  cartilage, 
clothed  by  the  pharyngeal  mucous  membrane. 

Upper  SabdivisioD  of  the  Laryiigeal  Cavity  (vestibulum  laryugis).— The 
upper  subdivision  of  the  laryngeal  cavity  extends  from  the  superior  opening  of  the 
Wynz  down  to  the  false  vocal  cords.  In  its 
lower  part  it  exhibits  a  marked  lateral  com- 
pression. Its  width,  therefore,  diminishes  from 
aI)ove  downwards,  whilst,  owing  to  the  obliquity 
of  the  upper  aperture  of  the  larynx,  its  depth 
rapidly  diminishes  from  before  backwards.  In 
frovi  it  is  bounded  by  the  posterior  surface  of 
the  epiglottis,  clothed  by  mucous  membrane. 
This  wall  descends  obliquely  from  above  down- 
wards and  forwards,  and  becomes  narrower  as  it 
approaches  the  anterior  ends  of  the  false  vocal 
cords.  The  upper  part  of  the  posterior  surface 
of  the  epiglottis  is  convex,  owing  to  the  manner 
in  which  the  upper  margin  is  curved  forwards 
towards  the  tongue ;  below  this  there  is  a 
slight  concavity,  and  still  lower  a  marked  bulg- 
ing or  convexity  over  the  upper  part  of  the 
thyro-epiglottidean  ligament.  This  swelling  is 
called  the  cnahion  or  tabeicle  of  the  epiglottU 
(tuberculum  epiglotticum),  and  it  forms  a  con- 
spicuous object  in  laryngoscopic  examinations 
of  the  larynx.  The  lateral  wall  of  the  upper 
compartment  or  vestibule  of  the  larynx  is  formed 
by  the  inner  surface  of  the  aryteno-epiglottidean 
fold.      For    the  most    part   it   is   smooth   and 

sUghtly  concave,  and  it  diminishes  considerably  /■"■  8S5.-(JoBowi[.  Section  throdou. 
in  vertical  depth  as  it  passes  backwards.  In  its  l^-"^"- »» 'how  >t.  thr«  comi«^m.«t«. 
posterior  part  the  mucous  membrane  stands  out  in  two  elongated  vertical  elevations 
placed  one  behind  the  other  (Fig.  686,  p.  966).  The  anterior  elevation  is  formed 
by  the  subjacent  cuneiform  cartilage  with  the  mass  of  glands  associated  with 
it;  the  posterior  elevation  is  produced  by  the  anterior  margin  of  the  arytenoid 
cartilage  and  the  cartilage  of  Santorini.  A  shallow  groove  (philtrum  veutricull  of 
Merkel)  descends  between  these  rounded  elevations,  and  terminates  below  by 
running  into  the  interval  between  the  false  and  true  vocal  cords.  The  anterior 
elevation  comes  to  an  end  below  in  the  posterior  extremity  of  the  false  vocal  cord ; 
the  arytenoid  or  posterior  elevation,  in  its  inferior  part,  bends  round  the  hinder  end 
of  the  ventricle  of  the  larynx  and  becomes  lost  in  the  true  vocal  cord.  Theposlerior 
wail  of  the  laryngeal  vestibule  is  narrow,  and  correspunds  to  the  interval  between 
the  upper  parte  of  the  two  arytenoid  cartilages.  Its  width,  to  a  large  extent, 
depends  on  the  position  of  these  cartilages,  and  when  they  are  placed  near  each  other 
the  mucous  membrane  which  covers  this  wall  is  thrown  into  longitudinal  folds. 

Middle  Subdivision  of  tlie  Laryngeal  Cavity. — The  middle  compartuieut  of 
the  larynx  is  much  the  smallest  of  the  three.  It  is  bounded  above  by  the  false 
vocal  cords  and  below  by  the  true  vocal  cords,  whilst  it  communicates  between 
these  folds  with  the  vestibule  on  the  one  hand  and  the  inferior  compartment  of 
the  larynx  on  the  other. 

The  lUse  vocal  cords  (plicse  ventriculares)  are  two  prominent  mucous  folds 
which  extend  from  before  backwards  on  the  aide  walls  of  the  laryngeal  cavity.  In 
front  they  reach  the  angle  between  the  two  alie  of  the  thyroid  cartilage,  but  liehiini 
they  do  not  extend  so  far  as  the  posterior  wall  of  tlie  larynx.  They  come  to  an 
end  on  each  side  at  the  lower  end  of  the  elongated  swelling  i)roduced  bv  cuneiform 
65  6 
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cartilage.     The  folae  vocal  cord  is  soft  aod  somewhat  flaccid,  aad  presents  a  free 

border  which  is  slightly  arched — the  concavity  looking  dowQwarde.     Within  the 

fold  of  mucous  membrane  which  forms  this 

cord  are  contained :  (1)  the  feeble  superior 

■"*  thyro-arytenoid   ligament;    (2)   numeroos 

glands  which  are  chiefly  aggregated  in  He 

^gui,  middle  part ;  and  (3)  a  few  muscle  fibres. 

The  interval   between  the  false  vocal 
cords  is  sometimes  termed  the  Ealse  flottii 

iibtsne  {glottis  Spuria),  and  is  considerably  wider 

than  the  interval  between  the  true  vocal 
cords,  which  is  called  the  tma  flottis  (glottis 

^'''e*  vera)  or  rinu  glottidis.     It  follows  from  this 

that  when  the  cavity  of  the  larynx  is 
examined  from  above  the  four  corda  are 
distinctly  visible,  but  when  examined  from 
below  the  true  vocal  cords  alone  can  be 

The  tme  vocal  cords  (pliciB  vocaleaj, 
placed  below  the  false  cords,  extend  from 
the  angle  between  the  alse  of  the  thyroid 
cartilt^  in  front  to  the  vocal  processes  of 
the  arytenoid  cartilages  behind.  The  true 
vocal  cord  is  sharp  and  prominent,  and  the 
mucous  membrane  which  is  stretched  over 
it  is  very  thin  and  firmly  bound  down  Ut 
the  subjacent  ligament.  In  colour  it  i$ 
pale,  almost  pearly  white,  whilst  posteriorly 
the  point  of  the  processus  vocaUs  of  the 
arytenoid,  which  stands  out  clearly  in  relief, 
I  Larynx  presents  a  yellowish  tinge.  In  cross-sec tioo 
the  true  vocal  cord  is  prismatic  in  form,  and 
its  free  border  looks  upwards  as  well  as  inwards. 

The  true  vocal  cords  are  the  agents  by  means  of  which  the  voice  is  produced. 
The  false  vocal  cords  are  of  little  import- 
ance in  this  respect ;    indeed,  they  can  i«, 
in  great  part  be  destroyed  and  no  ap- 
preciable difference  in  the  voice  result. 

Glottis  vera  (rima  glottidis).  —  This 
name  is  applied  to  the  elongated  fissure  by 
means  of  which  the  middle  compartment 
of  the  larynx  communicates  with  the 
lower  compartment.  It  is  placed  some- 
what below  the  middle  of  the  laryngeal 
cavity,  of  which  it  constitutes  the  nar- 
rowest part.  In  front  it  corresponds  to 
the  interval  between  the  true  vocal 
tords ;  behind,  it  corresponds  to  the 
interval  between  the  bases  and  vocal 
processes  of  the  arytenoid  cartilages.  It 
is  composed,  therefore,  of  two  diKtiuct 
parts:  (1)  a  narrow  anterior  portion, 
between  the  true  vocal  cords,  involving 
more  than  half  of  its  length,  and  called  the 
glottis  vocalis  (pars  intermembranacea) ; 
(2)  a  broader,  shorter  portion,  between  , 
the  arytenoid  ciirtilageH,  find  termed  the 
glottis  respiratoria  (pars  intercartilaginea). 
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tenoid  cartilages  the  form  of  the  rima  glottidis  undei^oes  constant  alterations     In 
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ordinarj  easj  breathing  it  is  Bomewhat  lanceolate  in  outline.  The  glottis  vocalis 
presents  under  these  conditiona  the  form  of  an  elongated  triangle  with  the  base 
directed  backwards,  and  corresponding  to  an  imaginary  line  drawn  between  the 
points  of  the  vocal  proceaees  of  the  arytenoid  cartilages,  whilst  the  glottis  respira- 
toria  is  somewhat  quadrangular.  When  the  glottis  is  opened  widely  the  broadest 
part  of  the  fissure  is  at  the  extremities  of  the  vocal  processes  of  the  arytenoids, 
and  here  the  side  of  the  rima  presents  a  marked  angle.  The  two  vocal  cords,  on 
the  other  hand,  may  be  approximated  to  each  other  so  closely,  as  in  singing  a  high 
note,  that  the  glottis  vocalls  is  reduced  to  a  linear  chink. 

The  length  of  the  rima  glotCidiB  differs  very  conBiderablv  in  the  two  sexes,  and  upon  tliis 
depends  the  different  character  of  the  Tuice  in  the  male  ana  female.     According  to  Moiira,  the 
following  are  the  average  uieasurenienta  in  the  quiescent  condition  of  the  rima  :— 
Male — Length  of  entire  rima  glottidia,  (  glottis  vocalis,  155  mm. 

23  mm \  glottis  respiratoria,  T'5  mm. 

Female — Lengthof  entire  rima  glottidie,  I  glottis  vocalie,  ll'&  mm. 

17  mm. \ glottis  respiratoria,  56  mm. 

By  stretching  the  vocal  corda,  however,  the  length  of  the  rima  glottidis  iu  the  wale  may 
Im;  increased  to  27'6  mm.,  and  in  the  female  to  20  mm. 

The  poeitiun  of  the  rima  glottidis  may  be  indicated  on  the  surface  by  marking  a  point  on  the 
middle  line  of  the  neck  6'5  mm.  below  the  bottom  of  the  thyroid  notch  in  the  male  and  6'5  mm. 
in  the  female.     This  is  the  average  position  (Taguchi). 

Laryngeal  Sinus  (ventriculus  laryngis). — The  side  wall  of  the  laruyx,  in  the 
interval  between  the  false  and  the  true  vocal  cords,  exhibits  a  marked  pocket-like 
depression  or  recess  called  the  laryngeal  sinus.  The  recess  passes  upwards  so  as 
to  undermine  somewhat  the  false  vocal  cord,  and  its  mouth  is  somewhat  narrower 
than  its  cavity.  In  front  it  reaches  forwards  to  the  angle  between  the  alse  of  the 
thyroid  cartilage,  whilst  behind  it  ends  at  the  anterior  border  of  the  arytenoid 
cartilage. 

Under  cover  of  the  forepart  of  the  false  vocal  cord  a  small  slit-like  aperture 
may  be  detected  ;  this  leads  upwards  from  the  laryngeal  sinus  into  a  small  diverti- 
culum of  mucous  membrane,  termed  the  laryngeal  saccule  (appendix  veutriouli) 
which  ascends  between  the  false  vocal  cord  and  the  ala  of  the  thyroid  cartilage. 
The  laryngeal  saccule  is  of  variable  extent,  but  as  h.».,.i. 

a  rule  it  ends  blindly  at  the  level  of  the  upper 
border  of  the  thyroid  cartilage. 

Sometimes  the  saccule  extends  much  higher,  and  may 
even  reach  the  hiuder  part  of  the  great  comu  of  the 
hyoid  bone.  This  in  of  interest  when  considered  in 
cotineiion  with  the  extensive  lamygcal  pouches  of  the 
anthropoid  apes. 

Lower  Oompartment  of  the  Laryngeal  Oavity. 

— This  leads  directly  downwards  into  the  trachea. 

Above  it  is  narrow  and  compressed  laterally,  but 

it  gradually  widens  out  until,  in  its  lowest  part,  it 

becomes  circular,  in  correspondence  with  the  trachea 

with  which  it  is  continuous.     It  is  bounded  by  the  Fm.  B8S.— spbcimbn  showing  a  qheat 

sloping  inuer  surfaces  of  the  crico-thyroid  membrane       Extension  of  thb  Sacci'le  ov  the 

and  by  the  inner  aspect  of  thi;  cricoid  Gartila;,'e —  "^''** 

both  covered  by  smooth  mucous  membrane.     In  the  operation  of  laryngotomy  the 

opening  is  made  through  the  anterior  wall  of  this  compartment. 

Mucous  Membrane  of  the  I>arynx. — The  mucous  membrane  which  lines  the 
larynx  i?  continuous  above  with  that  lining  the  pharynx,  and  below  with  mucous 
membrane  of  the  trachea.  Over  the  posterior  surface  of  the  epiglottis  it  is  closely 
adherent,  but  elsewhere,  above  the  level  of  the  true  vocal  cords,  it  is  loosely 
attached  by  submucous  tissue  which  extends  into  the  aryteno-epiglottidean  folds. 
As  it  passes  over  the  true  vocal  cords  the  mucous  membrane  is  very  thin,  and  is 
tightly  bound  down. 

It  is  important  to  bear  these  facis  in  mind,  because  in  certain  inflammatory  conditions  the  lax 
submucout!  tissue  in  the  upper  part  of  the  larynx  is  liable  to  become  infiltrated  with  fluid,  pro- 
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ilucing  what  in  known  as  cedema  glottidu.  This  iiiBy  proceed  ho  far  as  to  CAUite  occlusion  uf  the 
upper  part  of  the  uavity.  The  close  adhesion  of  the  mucous  membrane  to  the  true  vocal  conib, 
however,  ureveuta  tlte  cedeuia  extending  beyond  the  level  of  the  riiua  glottidis,  and  the  nutjwii 
is  thus  able  to  relieve  the  patient  by  making  an  opening  through  tlie  front  part  of  the  crico- 
thyroid membrane  into  the  lower  compartment  of  the  larynx. 

Above  the  level  of  the  hma  glottidis  the  laryngeal  mueoua  membrane  i.s 
extremely  seuaitive,  and  when  touched  by  a  foreign  body  there  is  an  immediate 
response  in  the  shape  of  an  explosive  cough.  In  the  lower  compartment  of  the 
laryns  the  mucous  membrane  is  lined  by  columnar  ciliated  epithelium.  Over  the 
true  vocal  cords  this  is  replaced  by  squamous  epithelium.  In  the  middle  compart- 
ment and  in  the  lower  part  of  the  vestibule  of  the  larynx  the  columnar  ciliated 
epithelium  again  reappears.  The  upper  part  of  the  epiglottis  and  the  upper  parts 
of  the  side  walls  of  the  vestibule  are  covered  by  squamous  epithelium  similar  to 
that  present  in  the  mouth  and  pharynx. 

The  mucous  membrane  of  the  laryux  has  a  plentiful  supply  of  acinose  glauds, 
and  in  only  one  place,  viz.  over  the  surface  of  the  true  vocal  cords,  are  these  com- 
pletely absent.  For  the  most  part  the  glands  are  ^gregated  in  groups.  The 
following  are  the  localities  in  which  these  groups  are  especiaUy  noticeable : — (1)  On 
the  dorsal  surface  of  the  epiglottis,  many  of  the  glands  piercing  the  cartil^e ;  (2) 
around  the  cuneiforai  cartilage,  where  they  are  chiefly  responsible  for  the  elongated 
elevatiou  seeu  in  this  part  of  the  wall  of  the  vestibule ;  ('i)  in  the  false  vocal  cord, 
and  over  the  wall  of  the  laryngeal  sinus  and  the  laryngeal  saccule. 

LARYNGEAL  MUSCLES. 

Under  this  heading  we  do  not  include  all  the  muscles  which  are  attached  to 

the  cartilages  of  the  larynx.     Thus  the  inferior  constrictor  muscles  of  the  pharynx, 

although  attached  to  both  cricoid  and  thyroid  cartilages,  and  the  atylo-pharyngeus 

muscle  on  each  side,  although  inserted  in  part  into  the  thyroid  cartilage,  properly 

belong  to  the  pharynx.     Of  the  laryngeal  muscles  proper  two  are  attached  to  the 

oblique  line  of  the  thyroid  cartilage  (viz.  the  aterno-thyroid  and  thyro-hyoid),  and 

are  concerned  in  producing  movements  of  the  larynx  as  a  whole.     These  are  termed 

the  extrinsic  muscles  of  the  larynx,  and  have  been  already  described  (p.  412).     The 

intrinsic  muscles  of  the  larynx  are  a  group  of  small  muscles  which  help  to  build  up 

the  laryngeal  wall,  and  which,  by  their  contraction,  move  the  laryngeal  cartilages 

on  each  other.     One  passes  between  the  cricoid  and  thyroid  cartilages — the  ciico- 

thyraid  moBcle;  two  pass  between  the  cricoid  and  arytenoid  cartiliiges — the  ciioo- 

aiytenoldeufl  posticus  and  crico-arytenoideua  lateralis ;  one,  in  each  lateral  wall  of  the 

larynx,  undercover  of  thealaof  the  thyroid  cartilage,  passes  between  the  thyroid  anil 

the  arytenoid  cartilages^the  thyro-arTtenoid.     Thesa  muscles  are  in  pairs.     Que 

ctico-thyroiii  muscle  only,  which  connects   the  two   ar}-tenoid 

ni«<nbniie  Cartilages,  and  which  is  termed  in  consequence  the 

arytenoideiu,  is  single.     In  addition  to  these,  some 

muscular  6bres  which  enter  the  aryteno-epiglotti- 

dean  fold  and  reach  the  epiglottis  require  to  W 

considered.      These   constitute   the  thyro-aiy-«pi- 

glottidsan  muscle. 

°"  The  crico-thyroid  muBcle  (musculua  crieo- 

thyreoideus)  is  placed  on  the  cricoid  cartilage,  and 

bridges  over  the  crico-thyroid  interval     Taking 

jjij^^  origin  from  the  lower  bonier  and  outer  surface  <>f 

the  anterior  arch  of  the  cricoid  cartilage,  its  fibres 

spread  out  in  an  upward  and  liackwara  direction. 

and  are  inserted  into  the  inner  surfaci;  and  lower 

margin  of  thj  thyroid  cartilage,  and  also  into  the 

anterior  aspect  of  its  inferior  comu.     As  a  general 

rule  it  is  divided  into  two  parts,  viz.  r  (1)  an  anterior 

Fio  689  —The  ChicivThvuiiid  MfscLK    "'"  "blique  part,  composed  of  those  fibres  which  an- 

inserted  into  the  ala  of  the  thyroid  cartilage ;  and 

(2)  a  posterior  or  horiwstal  part'  formed  of  those  hbres  which  are  inserted  into  tin; 
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inferior  corau  of  the  thyroid  cartilage.  It  ie  010861/  associated  with  the  inferior 
constrictor  muscle  of  the  pharynx,  and  sometimes  shows  a  certain  amount  of  cou- 
tiuuity  with  it. 

The  posterior  crico-arytenoid  mnBCle  (musculus  cricoarytienoidens  posterior) 
is  somewhat  fau-shaped  (Fig.  691,  p.  970).  It  springs  by  a  broad  origin  from  the 
depression  which  is  present  on  the  posterior  lamina  of  the  cricoid  cartilage  on  each 
aide  of  the  mesial  ridge,  and  its  fibres  converge  to  be  inserted  into  the  posterior 
surface  of  the  processus  muscularis  of  the  arytenoid  cartilage.  In  pursuing  its 
upward  and  outward  course  ou  the  back  of  the  cricoid  cartilage  its  fibres  show 
different  degrees  of  obliquity.  The  uppermost  fibres  are  short  and  nearly  horizontal ; 
the  intermediate  fibres  are  the  lougest,  and  are  very  oblique ;  whilst  the  lowest 
fibres  are  almost  vertical  in  their  direction. 

The  lateral  crico-arytenoid  muscle  (musculus  cricoarytEenoideus  lateralis)  is 
triangular  in  form  and  smaller  than  the  preceding  muscle  (Fig.  690).  It  springs 
from  the  upper  border  of  the  lateriil  jmrt  of  the  anterior  arch  of  the  cricoid  aa  far 
back  as  the  facet  which  supports  the  base  of  tlie  arytenoid  cartilage.  A  few  of  its 
fibres  also  take  origin  from  the  lateral  part  of  the  crico-thyroid  membrane,  to  which 
its  deep  surface  is  appUed.  From  this  attachment  its  fibres  run  backwards  and 
upwards,  and  converge  to  be  inserted  into  the  anterior  surface  of  the  processus 
inuscularis  of  the  arytenoid  cartilage.  The  superficial  or  outer  surface  of  this 
muscle  is  covered  by  the  lower  part  of  the  ala  of  the  thyroid  cartilage  and  by  the 
upper  part  of  the  crico- thyroid  muscle. 

The  thyro-arytenoid  mosde  (musculus  thyreoaryta^noideus)  is  placed  in  the 
lateral  wall  of  the  larynx  under  cover  of  the  ala  of  the  thyroid  cartilage  (Fig.  690). 
Its  lower  border  is  contiguous  with,  and  generally  inseparably  blended  with, 
the  upper  mai^n  of  the  lateral  crico-arytenoid  muscles,  so  that  the  two  muscles 
form  a  more  or  less  continuous  sheet.  The  thyro-arytenoid  muscle  is  usually 
described  aa  consisting  of  a  superficial  and  a.  deep  part,  termed  respectively  the 
thyro-arytenoideua  externus  and  the  thyro-arytenoideus  internus.  As  a  rule  these 
parts  are  more  or  less  completely  united,  and  can  only  be  isolated  from  each 
other  by  artificiiil  means. 

The  t}i]rro-ajTtenoideti8  eztemnB  is  a  broad  muscular  layer  which  lies  immediately 
subjacent  to  the  ala  of  the  thyroid  EpiKiottn 

cartilage.  Its  lower  border  is  incon- 
taetwith  the  lateral  ctico-arytenoid 
muscle,  whilst  its  upper  border  is 
placed  at  a  higher  level  than  the 

true  vocal  conl.     The  upper  part  """"  * 

of  the  muscle  is  therefore  in  rela-  ""' 

tion  to  the  wall  of  the  sinus  of  the 
larynx.    The    thyro-arytenoideus 

externus  arises  In  front  from  the  ncii^ 

lower  half  of  the  inner  surface  of 
the  ala  of  the  thyroid  cartilage, 

close  to  the  angle,  and  also  from  »teruii 

the  lateral  part  of  the  crico- 
thyroid membrane,  on  which  it  to  weticm 
some  exteut  hes.  Its  fibres  pass  ,„iij 
backwards,  and  are  inserted  into 
the  outer  border  and  muscular 
process  of  the  arytenoid  cartilage, 
a  certain  number,  however,  turning 
round  this  cartilage,  and  becom- 
ing continuous  with  the  transverse 
fibres  of  the  arytenoideus  muscle. 
A  considerable  number  of  the 
uppermost  fibres  of  the  thyro- 
arytenoideus  externus,  as  they  pro- 
ceed  backwards,  curve  upwards  so  as   to  form  a  thin  band  which   reaches  the 
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aryteno-epiglottidean   fold  and  the  margin  of  the   epiglottis.     These  constitute 
the  thyro-epiglottidflui  mnacle. 

The  thyro-ajytenoideas  intornoB  is  a  slender,  three-sided,  muscular  band  which 
is  applied  to  the  outer  aspect  of  the  true  vocal  cord,  and  receives  its  prismatic  fonn 
from  this  adaptation.  It  arises  in  front  from  the  angular  depression  between  the 
two  alffi  of  the  thyroid  cartilage,  and  is  inserted  behind  into  the  outer  aspect  of  the 
processus  vocalis  and  also  into  the  adjoining  depressed  part  of  the  antero-exteraal 
surface  of  the  arytenoid  cartilage.  The  thyro-arytenoideus  intemus  is  somewhat 
thicker  behind  than  in  front.  This  is  due  to  the  fact  that,  whilst  all  the  fibres 
which  compose  it  are  attached  to  the  arytenoid  cartilage,  ouly  a  certain  proportion 
obtain  attachment  in  front  to  the  thyroid  cartilage.  A  l&rgti  number  of  the  deeper 
fibres  are  directly  fixed  at  different  points  to  the  outer  side  of  the  true  vocal  cord. 
These  constitute  the  arr-Toealis  muscle  (Ludwig). 

The  thyro-arytenoideus  is  a  complicated  muscle,  and  the  al>ove  description  utn  ooly  hf 
re^rded  as  conve^-ing  in  a  general  way  what  may  be  regarded  aa  tlie  more  luiual  arrsngenirnl 
of  its  fibres.  It  IS  subject  to  much  variation  aiicf  t«  very  different  degrees  of  developiutiil  in 
different  individitala  As  a  rule  it  is  possible  to  trace  from  both  parts  of  the  mu«cle  fi1>res 
which  are  carried  obliquely  upwards  ovur  the  laryngeal  einus,  and  to  some  extent  also  over  the 
sacculus  laryngis.  Further  an  additional  part,  termed  the  imaU  or  iiiperior  thrrO'iiTtanoidsiii, 
is  as  a  rule  preeent  (93  per  cent  accoiding  to  Sewell).  This  is  a  slender  band  which  arines  from  llie 
inner  aspect  of  the  ala  of  the  thvrotd  cartilage  cloee  to  the  notch,  and  paaeee  liackwardn  and 
downwards  to  find  insertion  into  the  lateral  border  of  the  arytenoid  cartilage  immediately  al>ov* 
the  procerus  muscularis. 

The  arytenoidflQs  muscle  is  composed  of  two  portions — a  superficial  part, 
termed  the  arytenoideus  obliquus,  and  a  deeper  part,  called  the  arytenoidens 
transversus. 

The  arytenoidens  obliquus  consists  of  two  bundles  of  muscular  fibres,  each  of 

which  springs  from  the  posterior  aspect  of  the  muscular  process  of  the  arytenoid 

cartilage.     From  these  points  the  two  fleshy  slips  proceed  upwards  and  inwarils. 

and  cross  each  other  in   the  meaial  plane  like   the  two  limbs  of  the  letter  X 

K(;aching  the  summit  of  the  arytenoid  cartilage  on  each  side,  many  of  the  fibres  are 

inserted  into  it,  whilst  the  remainder  are  prolonged  round  it  into  the  aryteno- 

epiglottidean  fold.     Here  they  receive  tlit 

name  of  tlie  uyteuo-epiglottidean  mnsde, 

and  as  they  approach  the  epiglottis  thi-v 

are  joined    by   the   fibres   of    the   thjio- 

epiglottidean    muscle.     The    oblique   arr- 

*''  tenoid  muscles  may  therefore  be  reganfei 

as  forming  a  rudimentary  sphincter  muscle 

On  for   the  superior  aperture  of  the   laryns 

Aiy  Each  bundle,  starting  from  the  base  of  uuf 

of   the  arytenoid   cartilages,  is  proIon^'eJ 

1  into  the  aryteno-epiglottidean  fold  of  the 

opposite    side,   and    within    this    to    the 

margin  of  the  epiglottis. 

The  arytenoidens  tranrersus  is  an  un 
paired  muscle.  It  is  composed  of  trans- 
I  verse  fibres  which  bridge  across  the  intenal 
between  the  two  arytenoid  cartilages,  and 
occupy  their  posterior  concave  surface--- 
To  ft  large  extent  these  fibres  are  inperte-l 
into  the  posterior  aspect  of  the  outer  Ixinier 
of  each  arytenoid  cartilage,  but  manv  turn 
Fio.  691. —Dissection  uk  tkk  Muscles  on  ihk  j   .i  ■      l      j  j   iT  .■ 

PosTBRioB  AsFEiT  OF  THE  Labynx.  Tound  tlus  bordcF  attd  become  continuous 

with  the  fibres  of  the  ihyro-arylenoi'l 
muscle.  It  follows  from  this  that  the  arytenoidens  transversus  and  the  two  thyr"- 
arytenoid  muscles  are  sometimes  spoken  of  as  the  sphincter  of  the  glottis. 

Action  of  the  Laryngeal  Muscles- — By  the  action  of  the  laryngeal  muscles  the 
poHitiou  and  tension  of  the  tme  vocal  cords  are  so  influeDced  that,  during  the  passage  vi 
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air  through  the  larynx,  the  tone  and  the  pitch  of  the  voice  is  determined.  Tension  of  the 
true  vocal  cords  is  produced  by  the  contraction  of  the  two  crico-thyroid  muBcles.  The 
anterior  or  oblique  portions  of  the  muscles  pull  the  lower  border  of  the  thyroid  cartilage 
downwards,  whilst  the  posterior  horizontal  portions,  through  their  insertion  into  the 
inferior  cornua,  draw  the  thyroid  cartilage  forwards,  thereby  increasing  the  distance 
between  the  angle  of  the  thyroid  cartilage  and  the  vocal  processes  of  the  arytenoid  car- 
tilages. When  the  crico-thyroid  muscles  cease  to  coutract,  the  relaxation  of  the  cords  is 
brought  about  by  the  elasticity  of  the  ligaments.  The  thjrro-arytenoid  muscles  must  be 
regarded  as  antagonistic  to  the  crico-thyroid  muscles.  When  they  contract  they  approxi- 
mate the  angle  of  the  thyroid  cartilage  to  the  arytenoid  cartilages,  and  still  further  relax 
the  true  vocal  cords ;  and  when  they  cease  to  act  the  elasticity  of  the  ligaments  of  the 
larynx  again  restore  the  state  of  equilibrium.  The  ary-vocales  muscles,  by  the  insertion 
of  their  fibres  into  the  true  vocal  cords,  may  tighten  portions  of  these  conis,  whilst  they 
relax  at  the  same  time  the  parts  behind. 

The  width  of  the  rima  glottidis  is  regulated  by  the  aiytenoideus  muscle,  which  draws 
together  the  two  arytenoid  cartilages,  and  this  may  be  done  so  effectually  that  the  inner 
surfaces  of  these  cartilages  come  into  contact ;  the  glottis  respiratoria  is  thus  completely 
closed.  The  lateral  and  posterior  crico-arytenoid  muscles  also  modify  the  width  of  the 
rima  glottidis.  When  they  act  together  they  iissist  the  arytenoideus  muscle  in  closing 
the  glottis,  but  when  they  act  independently  they  are  antagonistic  muscles.  Thus  the 
posterior  crico-arytenoid  muscles,  by  drawing  the  muscular  processes  of  the  arytenoid 
cartilages  outwards  and  backwards,  swing  the  processus  vocales  and  the  vocal  cords  out- 
wards, and  thereby  open  the  rima.  The  lateral  crico-ajytenoid  muscles  act  in  exactly  the 
opposite  manner.  By  drawing  the  muscular  processes  of  the  arytenoid  cartilages  forwards 
and  inwards,  they  approximate  the  processus  vocales  and  close  the  rima. 

Closure  of  the  Larynx  during  Deglutition. — But  the  muscles  of  the  larynx 

have  another  function  to  perform  besides  vocalisation  and  regulating  the  amount  of  air 
passing  to  and  fro  through  the  glottis.  During  deglutition  it  is  requisite  that  tVie  com- 
munication between  the  pharynx  and  larynx  should  be  closed,  so  as  to  prevent  the 
fluid  or  solid  parts  of  the  food  entering  the  respiratory  passages.  Formerly  it  was  believed 
that  this  was  effected  by  the  folding  back  of  the  epiglottis ;  that  in  fact  the  epiglottis, 
during  the  passage  of  the  food,  is  applied  like  a  lid  over  the  entrance  into  the  vestibule  of 
the  larynx.  The  observations  of  Professor  Anderson  Stuart  would  seem  to  indicate  that 
this  view  is  incorrect.  According  to  Professor  Stuart  it  is  not  the  anterior  wall  of  the 
vestibule  which  moves ;  the  epiglottis  stands  erect,  whilst  the  posterior  wall  formed  by 
the  arytenoids  is  carried  forwards.  In  the  process  of  closing  the  laryngeal  entrance  the 
arytenoid  cartilages  are  closely  approximated,  glide  forwards,  and  arc  then  inclined  towards 
the  epiglottis.  The  result  of  this  is  that  the  laryngeal  opening  is  converted  into  a 
T-shaped  fissure.  The  mesial  limb  of  the  T  is  formed  by  the  interval  between  the  closely- 
applied  arytenoid  cartilages,  whilst  the  cross  limb,  which  lies  in  front,  is  bounded  anteriorly 
by  the  epiglottis  and  behind  by  the  aryteno-epiglottidean  folds.  The  apices  of  the 
arytenoid  cartilages,  with  the  cartilages  of  Santorini,  are  pressed  against  the  cushion  of 
the  epiglottis,  whilst  the  lateral  margins  of  the  epiglottis  are  pulled  backwards  so  as  to 
make  the  transverse  limb  of  the  fissure  distinctly  concave  in  a  backward  direction.  The 
muscles  chiefly  concerned  in  producing  these  movements  are  the  external  thyro-arytenoid 
and  the  transverse  arytenoid  muscles.  These  form  a  true  sphincter  vestibuli.  The  thyro- 
ary-epiglottidean  muscles  also  come  into  play.  They  pull  upon  the  epiglottis  so  as  to 
produce  tight  application  of  its  cushion  to  the  arytenoid  caitilages  and  the  cartilages  of 
Santorini,  and  they  also  curve  its  margins  backwards  so  as  to  increase  its  posterior 
concavity. 

Vessels  and  Nerves  of  the  Larynx. — Two  branches  of  the  vagus  nerve,  viz.  the  superior 
laryngeal  and  the  recurrent  laryngeal  nerves,  supply  the  larynx.  The  superior  laryngeal  divides 
into  the  internal  and  external  laryngeal  branches.  The  external  laryngeal  nerve  supplies  the 
crico-thyroid  muscle ;  whilst  the  internal  laryngeal  nerve  enters  the  larynx  by  j>iercing  the 
lateral  part  of  the  thyro-hyoid  membrane  to  supply  the  laryngeal  mucous  membrane.  The  re- 
current laryngeal  nerve  reaches  the  larynx  from  below,  and  supplies  all  the  intrinsic  lar^Tigeal 
muscles  with  the  exception  of  the  crico-thyroid. 

The  snperior  laryngeal  artery,  a  branch  of  the  superior  thyroid,  accompanies  the  internal 
laryngeal  nerve ;  whilst  the  inferior  laryngeal  artery,  which  springs  from  the  inferior  thyroid, 
accompanies  the  recurrent  laryngeal  nerve.  These  two  vessels  ramify  in  the  laryngeal  wall  and 
supply  the  mucous  membrane,  the  glands,  and  muscles. 

Growth-Alterations  and  Sexual  Differences  in  the  Larynx. — A  considerable 

amount  of  variation  may  be  noticed  in  the  size  of  the  larynx  in  different  individuals. 
This  is  quite  independent  of  stature,  and  explains  to  a  great  extent  the  diflerence  in  the 
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pitch  of  the  voice  whicti  is  observable  in  different  perBone.  But  quite  apart  from  these 
individual  variations,  there  is  a  marked  sexual  difTerence  in  the  size  of  the  laryuj:.  The 
male  larynx  is  not  only  absolutely  but  aleo  relatively  larger  than  the  female  laryni.  This 
is  noticeable  in  all  its  diameters,  but  more  particularly  in  the  antero-po^terior  dianieter, 
and  to  a  large  extent  the  increase  in  the  latter  direction  is  produced  by  the  strong  develop- 
ment of  the  laryngeal  angle  or  pomum  Adami  in  the  male.  The  great  aiitero-posterior 
diameter  of  the  male  larynx  necessarily  impliea  a  greater  length  of  the  vocal  cords  and  a 
lower  or  deeper  tone  of  the  voice  than  in  the  female. 

In  the  newly-bom  child  the  laryiii,  in  comparison  with  the  rest  of  the  body,  is  some- 
what  large  (C.  L.  Merker),  and  it  continues  to  grow  slowly  and  uniformly  up  to  the  sixth 
year  of  <:hildhood.  At  this  period  there  is  a  cessation  of  growth,  which  persists  uuiil 
puberty  is  reached,  and  then  a  stage  of  active  growth  supervenes.  Up  to  this  time  the 
larynx  in  both  sexes  is  similar  in  its  characters,  and  although  the  growth  which  now 
occurs  affects  both  the  male  and  the  female  larynx,  it  is  much  more  rapid  and  much  more 
accentuated  iu  the  male  than  in  the  female.  As  a  result  of  this  the  voice  of  the  male 
breaks  and  assumes  its  deep  tone. 

It  is  interesting  to  note  that  the  growth  activity  of  the  larynx  at  puberty  is  iatimalclv 
connected  with  the  development  of  the  sexual  organs.  In  an  individual  who  has  heeti 
castrated  when  young  the  larynx  attains  a  size  which  exceeds  that  of  the  female  only  Ut 
a  very  small  degree,  and  the  high  pitch  of  the  voice  is  retained. 

Appearance  presented  by  the  Interior  of  the  Laiynz  when  examined  by  the  I^rynj^- 
SCOpe- — When  the  cavity  of  the  larynx  is  illuminated  and  examined  by  the  laryngoecopic  minur 
the  parts  which  surround  the  superior  aperture  of  the  larynx,  oa  well  as  the  interior  of  tbeor^n, 

*       "       "*  Not  only  this,  but 

when   the  vocai 
oirds    are    widelv 


down  as  iw  hifai 

3  arched  upprr 
border  of  the  c|>i- 
glottis  conrtitut*- 


whiUt. 
be&ind     tl 

Uulcinir     < 
in  glottidii  closed.  B.  The  rima  glottidis  whIkIj  ojwii. 
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obje.  . 

behind     thui,    thi' 
ilging 

«lihul 
W  the 
the  epig 


:  epiglottis,  m 


I.  Rluitt  of  Ihr  tncha.  V  I^aryognl  ilnus.  lo    Bann  of  Um^iue  Vestibule,     fbnn^l 

*■  '"™^i"'id™'t'uli""        -■  T*""^    nj  '■!'  I'*'*"'"'"- ,  V  '''"'  eushion  uf 

9.  ArjFleno^rpLglotlldMii  fold.     H.  Cii»hlon  of  pplRlotti*.  Is!  CuMiform 

t.  tUniia  pyrironni'i,  »,  Hiiidlp  gloMO-episluCUilnn  folil.      N.  Tubsrqie  oj 

of  the  pictnit 
The  middle  gloseo-epiglottidean  ligament,  with  the  vallecular  fossa  on  either  side  of  it,  cao  sk' 
bo  inspected  in  the  interval  between  the  epiglottis  and  the  base  of  the  tongue.  The  sharp  »n- 
epiglotlidean  folds  are  clearly  visible,  and  in  the  back  portion  of  each  of  these  can  he  setn  ite 
two  prominent  tulierclea  which  are  formed  by  the  enclosed  cuneiform  cartilage  and  the  cartil»fn- 
of  SantorinL  Behind  these  tubercles  is  the  posterior  wall  of  the  pliarynx,  whilst  to  their  out.T 
side  the  deep  sinus  pyriformis  may  be  seen.  In  the  interior  of  the  larynx  the  false  and  the  trur 
vocal  cords  are  easily  recc^nised,  and  the  interval  between  the  false  and  the  true  corf,  or,  iu 
other  words,  the  entrance  into  the  laryngeal  sinus,  appeals  as  a  dark  line  ou  the  aide  wall  of  tbr 
larynx.  The  fftlee  vocal  cords  are  red  and  fieshy-looking ;  the  true  vocal  cords  during  phonaln'i 
are  tightly  stretched  and  pearly  white— ihe  white  colour  beiup  usually  more  appan;ut  in  lln' 
female  than  in  the  male.  The  outline  and  yellowLih  tinge  of  the  processus  vocalis  at  ili"  atlaoli- 
■  to  the  Iriie  vocal  cord,  as  well  as,  toaVlipht  extent,  the  outline  of  the  fore  part  of  the  Ukw 


of  the  arytenoid  cartilage,  can  in  a  siicceHafuI  laryngoscopic  examination  be  made  o  . 

vocal  cords  during  ordinary  inspiration  are  seldom  at  rest,  and  with  the  laryncoacope  thuir  movi- 

"js  may  be  studied.     It  should  be  borne  in  mind  that  the  picture  affuided  by  the  larjiigoecoi"- 

_..  _:...  _  ....    :..        ,.,     ,       lat  which  thedifferent  pi        "        ™ 

THE  TKACHEA. 
The  trachea  or  windpipe  is  u  wide  tube  which  is  l^ept  permanently  patent  by 
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a  series  of  cartilaginous  rings  embedded  in  its  walL  Tlieee  riogs  are  deficient 
posterioilf ,  and  consequently  the  tube  ia  not  coihpletely  cylindrical :  its  hinder 
wall  ia  flattened.  The  trachea  begins  above  at  the  lower  border  of  the  cricoid 
cartilage,  and  opposite  the  lower  margin  of  the  sixth  cervical  vertebra.  From  this 
it  extends  downwards  through  the  lower  part  of  the  neck  into  the  superior  media- 
stinum of  the  thorax,  in  which  it  ends  at  the  level  of  the  upper  border  of  the  fifth 
dorsal  vertebra  by  dividing  into  the  right  and  left  bronchus.  The  length  of  the 
trachea  in  the  male  is  from  four  to  four  and  a  half  inches,  and  in  the  female  from 
three  and  a  half  to  four  inches,  but  even  in  the  same  individual  it  varies  consider- 
ably in  length  with  the  movements  of  the  head  and  neck. 

The  lower  end  of  the  trachea  is  fixed  in  position.  This  is  a  necessary  provision  to 
prevent  dragging  on  the  roots  of  the  lungs  during  movements  of  the  head  and  neck. 
The  remainder  of  the  tube 
is  surrounded  by  a  quantity 
of  loose  areolar  tissue,  and 
possesaetia  con  siderable  amou  nt 
of  mobility.  Further,  its  wall 
is  highly  elastic,  and  thus 
when  the  head  is  thrown  back 
the  tube  elongates  through 
stretching,  and  when  the  chin 
is  de  prised  its  length  is 
diminished  by  the  recoil  of  its 
wall. 

The  trachea  does  not 
present  an  absolutely  uni- 
form calibre  throughout  its 
whole  length.  About  its 
middle  it  exhibits  a  slight 
expansion  or  dilatation,  and 
from  this  the  calibre  dimin- 
ishes in  an  upward  and  a 
downward  direction.  Close 
to  the  bifurcation  it  is  again 
slightly  expanded  (Braune 
and  Stabel). 

These  differences  in  the 
calibre  of  the  tube  are  de- 
termined by  the  surroundings 
of  the  trachea.  The  upper 
part  is  narrowed  through  its 
being  clasped  by  the  thyroid 
body.  Further,  a  short  dis- 
tance above  the  bifurcation 
an  impresaion,  sometimes 
strongly  marked,  is  usually 
seen  on  the  left  side  of  the 
trachea.  This  is  due  to  the 
close  contact  of  the  aortic 
arch  as  it  passes  backwards  | 
against  this  part  of  the  tube. 
It  is  evident  therefore  that 
the  second  slight  diminution 
iu  calibre  which  is  described 
by  Braune  and  Stahel  is  pro- 
duced   by   the    proiimity  of  Piiimonirj- «rtpr)- 

the  aorta.      Lejars  gives  the  pio.  683.— The  Trachba  ako  BiioNrtii. 

average   antero- posterior  dia-         ^lie  thyroid  body  is  indicted  bj  >  dotted  ling  uid  ■  purple  liul- 
meter  of  the  trachea  in  the 

living  person  as  11  mm.,  and  the  transverse  diameter  as  12-3  mm.  In  the  dead  subject 
the  lumen  of  the  tube  is  considerably  greater. 
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The  trachea  adheres  rigorouely  to  the  median  line  except  towards  its  lower  end, 
where  it  deviates  very  slightly  to  the  right  As  it  deaceuds  it  reoedes  rapidly 
from  the  surface.  This  is  due  to  its  following  the  curvature  of  the  vertebral 
column,  from  which  it  is  separated  by  the  cesophagus  alone. 

^  BelatioDSoftheTrachea. 

^  — In  the  study  of  the  rela- 

tions of  t)ie  trachea  it  is  con- 
venient to  consider  it  in  the 
,,  ^  two   ataees  of  cervical  aud 

thoracic. 
'^'^tuZy*  Whea  the  chin  is  held  so 

that  the  face  looks  forwards 
the  cervical  put  of  the 
trachea  measures  from  '2  to 
2^  inches  in  length;  but 
.  irtMy  when    the    head    is  tlitflwn 

i:Brati(i  iirMi  *'"  back  the  length  is  consider- 

vudi.  nenri  i  ^bly  iucresaed     In  its  upper 

part  the  trachea  is  clasped  by 
i.9fi  -iibcidvLin  ai  "  the  thyroid  body,  the  isthmus 

Tho™  of  which   is  apphed  to  iu 

anterior  surface,  and  co\er3 
i^ftcui  the  second,  third,  and  fourth 

fS'-Jtidj  rings,   whilst    on   each  side 

I"!*"™  cnmvt  the  lateral  lobe  of  the  same 

body  is  applied  to  its  lateral 
L.  .QiKiavTaii'art  surfacc,  aod  extends  dowo- 

u^nt^L  '  wards  as  low  as  the  fifth  riug. 

^^^^  On  either  aide  of  the  ceivltal 

trachea  is  the  conunon  carotid 
artery,  whilst  the  recurrent 
laryngeal  nerve  ascends  in 
the  groove  between  tht 
trachea  and  the  ccsopbagu.^ 
Posteriorly  the  trachea  is  in 
relation  to  the  (csopha^'us, 
which  intervenes  between  it 
and  the  bodies  of  the  verie- 
<  brie,  and  deviates  soniewbiit 

Mnenm  ^  the  left  as  it  deacenda. 

^  ,„^or  ^'^  addition  to  the  isthmus 

of  the  thyroid  body  two  thin 
'^'"'^,,  muscular  strata,  composed  of 

the  sterno-hyoid  and  sterno- 
thyroid muscle8,and  also  the 
□r^^u"         deep  fascia  and  integument, 
viMui  separate  the  cervical  trachea 

eivi!       "    "    from    the    surface.      In   the 
Aon  '"•^•^-  middle  line  of  the  neck  there 

'^°'  is  a  narrow  diamond-shajied 

^'™"'' ''  space     between     the     inner 

immr-  margins  of  these  muscles, 
dorsal  y,it|{jQ  which  the  trachftt  is 
merely  covered  by  the  int«-t:ii- 
ments  and  fasciFe.  It  is  importatit  to  note  that  in  the  lower  part  of  the  iiet.'k 
the  deep  cervical  fascia  is  iu  two  layers — viz.  a  strong  stratum  appUed  to  the  auteriur 
surface  of  the  sterno-hyoid  and  sterao- thyroid  muscles,  and  a  weaker  superficial  laver 
stretching  across  betweeu  the  two  stem o- mastoid  musclea  Beneath  these  muscular 
and  fascial  layers  the  inferior  thyroid  veins  descend  on  the  surface  of  the  tracltea. 


a.   684.— Tkanbv 
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and  sometimes  the  occasional  thjroidea  ima  artery  passes  upwards  in  front  of  the 
tube.  At  the  upper  border  of  the  manubrium  sterni  the  innominate  artery  may 
be  seen  crossing  the  trachea  obliquely. 

The  thoracic  part  of  the  trachea  is  situated  in  the  back  part  of  the  superior 
mediastinum,  being  separated  from  the  bodies  of  the  vertebrae  by  the  oesophagus 
alone.  Immediately  above  its  bifurcation  the  deep  cardiac  plexus  of  nerves  is 
placed  in  front  and  on  either  side  of  the  trachea.  At  the  level  of  the  fourth  dorsal 
vertebra  the  aortic  arch  is  very  intimately  related  to  it.  At  first  in  front  of  the 
tube,  the  aortic  arch  passes  backwards  in  close  contact  with  its  left  side.  The 
three  great  vessels  which  spring  from  the  aortic  arch  are  also  placed  in  close  proximity 
to  the  trachea.  The  innominate  and  left  common  carotid  arteries,  at  first  in  front, 
gradually  diverge  as  they  proceed  upwards  and  come  to  lie  on  either  side  of  the 
tube — the  innominate  to  the  right,  and  the  left  common  carotid  to  the  left.  In 
front  of  these  vessels  are  the  left  innominate  vein  and  the  remains  of  the  thymus 
body.  On  the  right  side  the  thoracic  part  of  the  trachea  is  in  relation  to  the  right 
vagus  nerve,  and  is  clothed  by  the  right  mediastinal  pleura ;  on  the  left  side  are 
the  left  subclavian  artery  and  the  left  recurrent  laryngeal  nerve. 

Structure  of  the  Wall  of  the  Trachea. — The  wall  of  the  trachea  and  bronchi  is 
composed  of  (1)  a  iibro-elastic  membraue  in  which  the  cartilaginous  rings  are  embedded ; 
(2)  within  this,  and  on  the  posterior  aspect  of  the  tube,  a  layer  of  muscular  tissue,  termed 
the  musculus  trachealis ;  and  (3)  the  lining  mucous  membrane. 

The  fibro-elastic  membrane  is  strong  and  dense,  and,  passing  round  the  whole  circum- 
ference of  the  tube,  it  becomes  continuous  superiorly  with  the  perichondrium  which 
invests  the  cricoid  cartilage.  Embedded  in  its  substance  are  the  series  of  cartilaginous 
rings.  These  vary  in  number  from  15  to  20,  and  are  composed  of  hyaline  cartilage. 
They  are  horseshoe-shaped,  the  posterior  fourth  of  the  circumference  being  deficient,  so 
that  behind,  each  ring  ends  in  two  rounded  extremities.  The  external  surface  of  a  tracheal 
ring  is  flat  and  even,  and  does  not  project  much  beyond  the  level  of  the  membrane  in 
which  it  is  embedded ;  the  inner  surface,  however,  is  convex  in  the  vertical  direction,  and 
consequently  it  bulges  slightly  into  the  lumen  of  the  trachea.  The  intervals  between  the 
rings  are  somewhat  narrower  than  the  rings  themselves,  and  neighbouring  rings  frequently 
show  a  more  or  less  complete  fusion,  whilst  others  present  other  irregularities,  such  as  a 
tendency  to  bifurcate.  The  lowest  ring  is  specially  adapted  to  the  tracheal  bifurcation. 
In  the  middle  line  in  front  it  inclines  downwards,  and  from  this  median  peak  a  cartilaginous 
strip  is  carried  backwards  in  the  fork  between  the  two  bronchi. 

The  mnscnlos  trachealis  is  a  continuous  layer  of  involuntary  muscular  tissue  placed 
in  the  posterior  part  of  the  wall  in  front  of  the  fibro-elastic  membrane.  The  musculai* 
bundles  are  arranged  transversely,  and  are  attached  to  the  extremities  of  the  rings,  and 
also  to  the  deep  surface  of  the  rings  for  a  short  distance  beyond  their  extremities.  In  the 
intervals  between  the  rings  the  transverse  muscular  bundles  are  attached  to  the  fibro- 
elastic  membrane.  It  is  evident  that,  by  its  contraction,  this  muscle  will  reduce  in  a 
marked  degree  the  lumen  of  the  tube. 

The  mucous  membrane  is  laid  smoothly  over  the  interior  of  the  tube  upon  a  layer  of 
submucous  areolar  tissue.  Lymphoid  tissue  enters  largely  into  the  composition  of  the 
tracheal  mucous  membrane,  and  its  inner  surface  is  lined  by  columnar  ciliated  epithelial 
cells.  The  action  of  the  cilia  exercises  an  important  influence  in  producing  an  upward 
movement  of  the  mucus  which  is  present  on  the  surface  of  the  mucous  membrane. 

Numerous  longitudinal  bundles  of  elastic  tissue  are  present  in  the  posterior  wall  of 
the  trachea,  more  particularly  in  its  lower  part,  between  the  mucous  membrane  and  the 
musculus  trachealis. 

In  connexion  with  the  mucous  membrane  there  is  a  plentiful  supply  of  acinose  mucous 
glands.  These  are  placed  in  the  submucous  tissue,  and  also  on  the  posterior  aspect  of  the 
tube  on  the  exterior  of  the  musculus  trachealis  as  well  as  amidst  its  muscular  bundles. 
They  send  their  ducts  to  the  surface  of  the  mucous  membrane,  where  they  open  by 
trumpet-shaped  mouths. 

THE  BRONCHI. 

The  two  bronchi  proceed  obliquely  downwards  and  outwards  from  the  termina- 
tion of  the  trachea,  each  towards  the  hilum  of  the  corresponding  lung.  Like  the 
trachea  they  are  kept  permanently  patent  by  the  presence  of  cartilaginous  rings  in 
their  walls.     These  rings  are  deficient  posteriorly,  so  that  the  bronchi  exhibit  a 
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flattened  posterior  surface  in  every  respect  similar  to  the  trachea.  The  two 
bronchi  differ  from  each  other,  not  only  in  the  relations  which  they  present  to  sur- 
rounding structures,  but  also  in  length,  in  width,  and  in  the  direction  which  they 
pursue  (Fig.  693,  p.  973). 

The  first  collateral  branch  arises  from  the  right  bronchus,  much  nearer  the 
trachea  than  in  the  case  of  the  left  bronchus.  It  is  this  which  determines  the 
length  of  these  primary  divisions  of  the  trachea,  and  although  there  is  much  varia- 
tion in  this  matter,  it  may  be  said  that,  as  a  rule,  the  left  bronchus  ia  at  least  twice 
as  long  as  the  right  bronchus.  According  to  Henle  there  are  from  six  to  eight 
rings  in  the  right  and  from  nine  to  twelve  rings  in  the  left  bronchus.  A  marked 
diflerence  is  alio  noticeable  in  the  calibre  of  the  two  tubes.  The  right  bronchus 
is  wider  than  the  left  in  the  proportion  of  100 :  78'4  (Braune  and  Stahel),  and  this 
asymmetry  is  clearly  due  to  the  fact  that  the  right  lung  is  more  bulky  than  the 
left.  The  right  bronchus,  as  it  passes  towards  the  hilum  of  the  right  lung,  takes 
a  more  vertical  course  than  the  left  bronchus.  It  therefore  lies  more  in  the  hue 
of  the  trachea,  and  to  this,  as  well  as  to  its  greater  width,  is  due  the  greater 
tendency  which  foreign  bodies  exhibit,  when  introduced  into  the  trachea,  to  drop 
into  the  right  in  preference  to  the  left  bronchus.  The  average  angle  which  the 
right  bronchus  forms  with  the  median  plane  is  24*8°,  whilst  the  angle  formed  by 
the  left  bronchus  with  the  median  plane  is  45*6°.  The  more  horizontal  course  of 
the  left  bronchus  is  probably  determined  by  the  marked  projection  of  the  heart  to 
the  left  side  of  the  mesial  plane  (Merkel). 

Relations  of  the  BronohL — Arching  forwards  over  the  right  bronchus  is  the 
vena  azygos  major,  whilst  arching  backwards  over  the  left  bronchus  there  is 
the  arch  of  the  aorta.  Occupying  the  interval  between  the  bronchi  there  is  a 
cluster  of  bronchial  lymphatic  glands,  and  an  irregular  chain  of  similar  glands  i^ 
carried  along  each  tube  towards  the  hilum  of  the  lung.  On  the  posterior  aspect  of 
each  bronchus  the  vagus  nerve  breaks  up  into  the  posterior  pulmonary  plexus,  whilst 
the  left  bronchus,  as  it  proceeds  downwards  and  outwards,  crosses  in  front  of  the 
oesophagus  and  the  descending  thoracic  aorta.  But  perhaps  the  most  interesting 
relation  is  that  presented  on  each  side  by  the  corresponding  pulmonary  artery.  On 
the  left  side  the  pulmonary  artery  crosses  in  front  of  the  left  bronchus  above  the 
level  of  its  first  collateral  branch,  and  then  turns  round  its  outer  side  to  gain  it^ 
posterior  aspect.  All  the  left  bronchial  branches,  therefore,  are  placed  below  the 
left  pulmonary  artery,  and  are  in  consequence  termed  hyparteriaL  The  right 
pulmonary  artery,  on  the  other  hand,  crosses  in  front  of  the  continuation  of  the 
right  bronchus  below  its  first  collateral  branch.  This  branch  is  therefore  terme*! 
the  eparterial  bronchos,  whilst  all  the  others  are  classified  as  hyparteriaL 

Structure  of  the  Walls  of  the  Bronchi. — The  walls  of  the  bronchi  present  a 
structure  similar  to  that  seen  in  the  trachea. 

THE  THOEACIC  CAVITY. 

A  central  vertical  partition,  termed  the  mediastinum  thoracis,  which  extend^ 
from  the  vertebral  column  behind  to  the  anterior  thoracic  wall  in  front,  subdivides 
the  thoracic  cavity  into  two  large  lateral  chambers  which  contain  the  lungs.  Froin 
the  fact  of  each  of  these  chambers  being  lined  by  an  extensive  and  separate  serous 
membrane  called  the  pleura,  they  receive  the  name  of  the  pleural  cavities. 

The  mediastinum  or  intervening  partition  is  built  up  of  several  stnictures 
which  lie  in  or  in  close  proximity  to  the  mesial  plane.  The  more  important  of 
these  are  the  heart,  enveloped  in  its  pericardium,  the  thoracic  aorta,  with  the  great 
vessels  which  spring  from  its  arch,  the  pulmonary  artery,  and  the  great  veins  in 
the  neighbourhood  of  the  heart,  the  thymus  gland  or  its  remains,  the  trachea, 
oesophagus,  and  thoracic  duct,  and  the  pneumogastric  and  phrenic  nervea 

The  pleural  cavities  in  which  the  two  lungs  lie  comprise  much  the  largest  pirl 
of  the  thoracic  cavity.  Each  is  bounded  bdow  by  the  corresponding  cupola  of  tlip 
diaphragm ;  and  as  the  right  cupola  rises  to  a  higher  level  than  ihe  left,  the  right 
pleural  cavity  presents  a  smaller  vertical  depth  than  the  left.  In  front,  the  wall 
of  each  pleural  chamber  is  formed  by  the  costal  cartilages  and  the  stemuiu : 
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laterally,  by  the  shafts  of  the  ribs  and  the  intercostal  muscles  as  far  back  as  the 
angles  of  the  ribs ;  behind,  by  the  portions  of  the  ribs,  with  the  intervening  inter- 
costal muscles,  whiich  lie  internal  to  the  costal  angles ;  apd  internally,  by  the  bodies 
of  the  vertebrae  and  the  mediastinal  partition  which  completely  shut  off  the  one 
chamber  from  the  other. 

The  mediastinum  is  not  median  in  position.  Owing  to  the  marked  projection 
of  the  heart  to  the  left  side,  and  to  the  position  of  the  descending  thoracic  aorta  on 
the  left  side  of  the  mesial  plane,  the  left  pleural  chamber,  although  it  is  deeper 
than  the  right,  is  greatly  reduced  in  width.  The  two  pleural  cavities,  therefore, 
are  very  far  from  being  symmetrical  in  form. 

Each  pleural  cavity  is  completely  lined  by  a  separate  serous  membrane  termed 
the  pleura.  The  portion  of  this  membrane  which  clothes  the  mediastinum  or 
intervening  partition  forms  the  lateral  boundary  of  a  space  termed  the  mediastinal 
or  interpleural  space,  within  which  the  parts  which  build  up  the  mediastinum  are 
placed. 

THE  TWO  PLEURAL  MEMBRANES. 

The  pleura  or  pleural  membrane  of  each  side  not  only  lines  the  corresponding 
pleural  cavity,  but  at  the  pulmonary  root  it  is  prolonged  on  to  the  lung  so  as  to 
give  it  a  complete  investment.  It  is  customary,  therefore,  to  recognise  a  visceral 
or  inyesting  part  (pleura  visceralis)  and  a  parietad  or  lining  part  (pleura  parietalis). 
The  inner  surface  of  the  membrane  {i.e.  that  surface  which  is  turned  towards  the 
interior  of  the  cavity)  is  coated  with  squamous  endothelium,  and  presents  a  smooth, 
glistening,  and  polished  appearance ;  further,  it  is  moistened  by  a  small  amount  of 
serous  fluid.  In  consequence  of  this  the  surface  of  the  lung  covered  by  visceral 
pleura  can  glide  on  the  wall  of  the  cavity,  lined  as  it  is  by  parietal  pleura,  with  the 
least  possible  degree  of  friction.  In  the  pathological  condition  known  as  pleurisy 
the  surface  of  the  membrane  becomes  roughened  by  inflammatory  exudation,  and 

the  so-called  "friction  sounds"  become  

evident  when  the  ear  is  applied  to  the     viscemi    >^<^^^^^-*^  ^■■^^^z^^X    Panetai 
chest.  P''"")^;*^^^/  X^!^5^^P*""^ 

Visceral  Pleura.  —  The  visceral 
pleura  is  very  thin,  and  is  so  firmly 
bound  down  to  the  surface  of  the  lung 
that  it  cannot  be  detached  without 
laceration  of  the  pulmonary  substance, 
and  then  only  in  small  pieces.  It 
dips  into  the  Assures  of  the  lungs, 
lines  them  down  to  the  very  bottom, 
and  thus  completely  separates  the  dif- 
ferent lobes  of  the  lungs  from  each  other. 
The  visceral  pleura  becomes  continuous 
with  the  mediastinal  part  of  the  parietal 
pleura  over  the  root  of  the  lung,  and 
also   through    the   ligamentum  latum 

pulmonis  ^^-  ®^^' — I^iaoram  showino  Arranoembnt  of 

Parietal  Pleura.— Different  names  ^^'^"''^''  ^^^'''  ^  '^"  *°  transverse  section. 
are  applied  to  the  parietal  pleura  as  it  lines  the  different  parts  of  the  wall  of  the 
cavity  in  which  the  lung  lies.  Thus  there  is  the  costal  pleura,  the  diaphragmatic 
pleura,  the  mediastinal  pleura,  and  the  cervical  pleura ;  but  it  must  be  borne  in 
mind  that  these  terms  are  merely  used  for  convenience  in  description,  and  the 
portions  of  the  membrane  so  designated  are  all  directly  continuous  with  each 
other. 

The  cervical  pleura  rises  up  into  the  root  of  the  neck,  through  the  superior 
aperture  of  the  thorax,  and  forms  a  dome-shaped  roof  for  the  pleural  cavity.  Its 
summit  or  highest  point  reaches  the  level  of  the  lower  border  of  the  neck  of  the 
first  rib ;  but  owing  to  the  great  obliquity  of  the  first  costal  arch,  this  point  is 
placed  from  one  to  two  inches  above  the  anterior  extremity  of  the  first  rib,  and 
from  a  half  to  one  and  a  hall*  inches  above  the  clavicle.  The  cervical  dome  of 
66 
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pleuriL  13  supported  on  the  outer  side  by  the  scalenus  auticus  and  scalenus  medius 
muscles,  whilst  the  subclavian  aiterj  arches  over  it,  and  lies  in  a  groove  on  its  inoei 
and  anterior  aspect  a  short  distance  below  its  summit.  At  a  lower  level  the 
innominate  and  subclavian  veins  also  lie  upon  its  inner  and  anterior  aspects. 

The  cerviual  eid  de  sac  of  pleura  iB  strengthened  and  held  in  place  by  an  apoueurotic 

expansion,  tirst  described  by  Sibeon,  which  is  spread  over  it,  and  is  attached  to  the  iiiiier 

concave  margin  of  the  first  rib.     This  fascia  ia  derived  from  a  small  muecular  Blip  wliich 

■>■  ...  rr    1  ™.     I,  _        T  J.     I.  1    ■       .  takes  oriidii  from 

Kif he  YsgUB  ncno      Trai'l^B  (Esophagan         Lefl  subclavian  srWry  ~  = 

the  traiisverei:  pro- 
cess of  the  Bcveutli 
cervical  vertebra. 
The    coitftl 
1  ,  plenra    is    the 

strongest  and 
thickest  part  of 
the  parietal 
pleura.  It  iinee 
the  deep  surface 
of  the  costul 
arches  and  of  the 
intervening  in- 
tercostal muEclea 
Infroutitreaches 
the  back  of  the 
sternum,  whilst 
behind  it  ie 
carried  forwanis 
ou  the  bodies  of 
the  vertebne.  It 
is  easily  detached 
from  the  parU 
which  it  coveR 
except  as  it  passes 
from  the  heaiL< 
of  the  ribs  on  to 
the  vertebral 
column.  Heie  ii 
i s  some wh&t 
tightly    hound 

ThedJMuM" 
Stic  plmira  covers 
the  portion  of 
the  upper  snrtac* 
of  the  diaphragm 
which  lies  to  the 
outer  side  of  the 
base  of  the  peri- 

Fio.  69J.— DlasECT10.v  ilh  A  HuUJEn  hardeNSU  BV  FoBMiO-iN-iKJECTIOM,  to  show  Ihe  Cardium,  but  it 
relations  of  the  two  pleural  »»cs  u  viewed  from  the  fropt.  The  anterior  and  does  not  dipdown 
dlBphra^niBtic  llnea  of  pleural  redeaion  ar«  eKhibilcd  by  blacii  dotted  line*,  whilst  ^  ^^^  bottom  of 
tbe  oullitieii  of  the  luogs  and  their  fisaurea  are  indicated  \<y  the  blue  lines.  ,  . 

*  the    narrow    m- 

terval  between  the  thoracic  wall  and  the  diaphragm.  In  other  words,  a  strip  of  the 
upper  surface  of  the  diaphragm  adjoining  its  costal  attachment  is  left  uncovered. 

The  mediastinal  plenra  extends  backwaixiB  from  the  posterior  surface  of  the 

anU'rior  thoracic  wall  to  the  vertebral  column,  and  it  clothes  the  side  of  tbe 

mediastinum  or  partition  intervening  between  the  two  pleural  cuvitiea.      It  i» 

continuous  with  the  pleura  costalia  of  its  own  side,  both  in  front  and  behind,  alonj; 

"o  lines  which  are  respectively  termed  the  anterior  and  poiterior  Umb  of  pltunl 
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reflection;  whilst  below  it  becomeB  continuous  with  the  diaphragmatic  plemii  of 
its  own  side  at  the  base  of  the  pericardium. 

Above  the  level  of  the  root  of  the  lung  the  mediastinal  pleura  passes  directly 
backwards  from  the  sternum  to  the  vertebral  column.      In  this  region  the  hft 
mediastinal  pleura  ia  applied  to  the  arch  of  the  aorta  and  the  phrenic  and  vagus 
nerves ;  to  the  left  innominate  vein,  the  left  superior  intercostal  vein,  and  the  left 
common  carotid  and  left  subclavian  arteries ;  to  the  ceaophagua  and  the  thoracic 
duet.    The  rightmediastinai pleura, 
on  the  other  hand,  ia  applied,  above 
the  level  of  the  root  of  the  lung,  to 
the  upper  part  of  the  superior  vena 
cava  and  right  innoouDate  vein ;  to 
the  right  innominate  artery ;  to  the 
vena   azygoa   major,   as    it   hooks 
forwards  above  the  bronchus;   to 
the  vag\i8  and  phrenic  nerves ;  and 
to  the  right  side  of  the  trachea. 

Opposite  the  root  of  the  lung, 
as  well  as  in  the  region  below  it, 
the  mediastinal  pleura  clothes  the 
corresponding  aspect  of  the  peri- 
cardium, and  ia  somewhat  firmly 
attached  to  it.  As  the  phrenic 
nerve  passes  downwanls  upon  the 
pericardium  it  is  likewise  coveretl 
over  by  the  pleura.  In  the  region 
corresponding  to  the  upper  lateral 
aspect  of  the  pericardium  the 
mediastinal  pleura  is  prolonged 
outwards,  so  as  to  form  an  invest- 
ment for  the  root  of  the  lung,  and 
become  continuous  around  the 
hilum  of  the  lung  with  the  visceral 
pleura.  Below  the  root  of  the 
lung  the  two  layers  of  pleura  which 
invest  it  come  into  apposition  with 
each  other,  and  are  prolonged  down- 
wards as  a  distinct  fold,  termed 
the  ligunentnin  latum  pulmonis. 
This  fold  stretches  between  the 
pericardium  and  the  lower  part  of 
the  inner  surface  of  the  lung,  and 
ends  below  in  a  free  border. 

Behind  the  root  of  the  lung 
and  the  ligamentum  latum  pul- 
monis the  mediastinal  pleura  on 
the  right  mle  is  carried  backwards 
to  the  vertebral  column  on  the 
tfiaophagus ,  whilst  on  the  left  side 
it  is  carried  backwards  over  the 
descending  aorta,  and  to  a  small 
extent,  in  the  region  immediately  above  the  diaphragm  and  in  front  of  the  aorta, 
over  the  lower  end  of  the  cesophagua 

Lines  of  Pleural  Reflection. — These  arc  three  in  niimher — viz.  the  ftnterior  or 
sternal,  the  posterior  or  vertebral,  and  the  lower  or  diaphragmatic.  The  pleural  cavities 
are  not  !i}-m metrical.  The  left  ia  longer  and  nai-rower  than  the  right,  and  it  thus  happens 
that  the  lines  of  pleural  reflection  do  not  accurately  correspond  on  tlic  two  sides  of  the 
body.     Fiirther,  although  the  posterior  line  of  reflection  is  fairly  constant,  the  other  two 
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reflection 'I  in  68  are  subject  to  marked  variations  in  different  Bubjecta.     Consequently  the 
foUawinj;  description  must  be  regarded  as  merely  giving  the  average  condition. 

The  posterior  or  vertebral  line  of  pleural  reflection  is  that  along  whicli  the  coetal  p\eun 
is  continued  forwards  from  the  vertebral  column  tn  become  the  mediastioal  pleura.  On 
the  right  ride,  above  the  root  of  the  lung,  the  pleura  passes  from  the  bodies  of  tlie  vertebne 
on  to  the  right  side  of  the  trachea;  whiUt  below  this  level,  and  behind  the  peri- 
cardium, it  paases  from  tbc  vertebral  bodies  on  to  the  (esophagus.  On  the  Itfl  tide,  atid 
above  the  arch  of  the  aorta  the  pleura  along  this  line  of  reflection  is  carried  from  the 
vertebral  column  on  to  the  (esophagus  and  thoracic  duct ;  below  that  level  it  passes  on 
to  the  descending  thoracic  aortk.  In  the  upper  part  of  the  chest  the  right  and  left 
linea  of  reflection  are  placed  well  apart  from  each  other,  and  about  equidistant  from  the 

meuial  plane.  As  they  are 
traced  downwards  they 
approach  more  ctoeely  to 
each  other  and  deviate  to 
the  left,  BO  that  whilst  tlie 
reflection  on  the  rufht  tide 
ur  takes  place  from  the  front 

aspect     of    the    vertebral 

bodies,  on  the  ifft  tiiU  it 

takes  place  from  tbc  Itft 

aspect    of    the    vertebral 

column.      This   is  due  to 

the  position  of  the  dcscend- 

%  ing  thoracic  aorta. 

f  The  anterior  Une  of 

^  pleural  reflection  ix  that 

%  along    which     the     costal 

J  pleura  leaves  the  anterior 

■s  thoracic  wall  to  become  the 

I  mediastinal  pleura.      The 

£  line   diflfers   somewhat  uu 

the  two  Bides,  and  in  botli 
cases  shows  a  tendency  to 
deviate  to  theleft  <Kig.  69K, 
I  p.  978).     Behind  the  upper 

I  part    of    the    outnubrium 

I  Btemi  the  two  pleural  saei 

1  are    separated    from   esrli 

other  by  an  angitlar  intfr 
val.  The  lines  of  refleclina 
at  the  inlet  of  tlic  tboni 
correspond  to  the  stenii> 
clavicular  joints.  From 
these  point^  as  they  art 
traced  downwards,  th.'v 
converge  on  the  back  of  thf 
manubrium,  until  at  ImI 
they  meet  a  short  di&tautt' 
above  the  upper  end  of  the 
gladiolus.  Here  the  t«o 
sacs  come  into  contact  n  ith 
each  other,  and  the  lines  of 
reflection  coincide.  From 
this  they  proceed  down- 
Fia.  998.— Lew  Pleikai,  Sac  in  a  Subjeitt  tLtRPEKsD  by  Fobhai.ik-  wards  on  the  bock  of  the 
1,  0[«ne(l  iuto  by  the  remoTal  of  tha  costal  pirt  of  the  puielal  atenium  with  a  Bliehl  de- 
■rh„  l„„.  ^„  .1„  w„  ,,™ov*d  «.  as  to  d^pl.jr  the  m^tia-   ^j^^j^^  ^^  ^,,p   ,^f^%f  (^^ 

mesial  plane,  until  a  point 
immediately  above  the  level  of  the  sternal  attachments  of  the  fourth  costal  cartilages  la 
reached,  and  here  the  two  sacs  part  company.  The  line  of  reflection  of  the  ri^l  jdnra  is 
continued  downwards  in  a  straight  line  behind  the  sternum  until  the  back  of  the  eusifonu 
cartilage  is  reached,  and  here  the  stenial  reflection-line  pjosscs  into  the  right  diaphragmatic 
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reflectioD-line.     Opposite  the  sternal  attachment  of  the  fourth  coatal  cartil^c  the  reflection 
line  of  the  Irft  ptmra  deviates  outwards  on  the  bock  of  the  steraum,  and  ie  continued 
downwards  at  a  variable  distance  from  the  right  pleura.     A  small  triangular  area  of 
peneardium  is  thus  left  uncovered  by  pleura,  and  therefore  in  direct  contact  with  the 
anterior  chest-wall.     Leaving  the  sternum,  the  reflection -line  of  the  left  pleura  descends 
parallel  and    close   to  the  left   mai^n   of   the  sternum  behind    the  fourth    intercostal 
space,  the  fifth  costal  cartilage  and  the  fifth  intercostal  space,  to  the  back  of  the  sixth 
costal  cartilage.  Here 
it  turns  outwards  and 
downwards,       and 
passes  into   the  dia^ 
phragmatic  reflec- 
tion-line of  the  left 
side. 

From  the  back  of 
the  sternum  the  ripht 
pfeura  is  reflected  in 
the  upper  part  of  the 
cheat  on  to  the  re- 
mains of  the  tb^iuuB, 
the  right  innominate 
vein  and  the  superior 
vena  cava,  and  below 
this  directly  on  to 
the  front  of  the  peri- 
cardium. The  U/t 
pleara  is  reflected 
from  the  back  of  the 
manubrium  stemi  on 
to  the  left  innominate 
vein  and  the  aortic 
arch,  and  below  this 
directly  on  to  the 
front  of  the  peri- 
cardium. 

The  l^^*pllr^^^m^- 
tic  line  of  nflectioii 
is  that  along  which 
the  pleura  leaves  the 
thoracic  wall  and  is 
reflected  on  to  the 
upper  surface  of  the 
diaphragm.  This 
reflection  takes  place 
along  a  curved  line, 
which,  except  behind 
as  it  approaches  the 
vertebral  column,  is 
placed  a  short  dis- 
tance above  the  lower 
border  of  the  thoracic 

wall.     Itdifferssome-  pio.  699._Disbkciio»  ow  ihk  Pleural  Sacs  raom  Behind. 

what  on  the  two  sides  The  blue  lities  indicate  the  outlinea  enJ  the  fiasures  of  the  hii.ga. 

of  the  body. 

On  the  Ifft  lide  the  diaphragmatic  line  of  reflection  proceeds  downwards  behind  the 
ascending  part  of  the  sixth  costal  cartilage,  crosses  behind  the  anterior  end  of  the  sixth 
intercostal  space  aud  the  descending  part  of  the  cartilage  of  the  seventh  rib  (Fig.  698). 
Still  continuing  to  descend,  it  passes  behind  the  eighth  costal  arch  at  the  junction  between 
its  cartilaginous  and  bony  portions.  This  is  a  fairly  constant  relation  on  both  sides  of  the 
body,  and  it  should  be  noted  that  a  vertical  line  drawn  downwards  from  the  nipple  (mam- 
millary  line)  intereects  the  line  of  pleural  reflection  close  to  the  point  where  it  presents  this 
relation  to  the  eighth  costal  arch.  Beyond  this  point  the  line  of  diaphragmatic  reflec- 
tion is  carried  downwards  and  outwards  across  the  extremities  of  the  bony  portions 
66  a 
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of  the  ninth  and  tenth  ribs.  As  it  passes  under  cover  of  the  tenth  rib,  or  it  may  be  a& 
it  proceeds  across  the  tenth  intercostal  space,  the  line  of  pleural  reflection  reaches  its 
lowest  point,  and  it  is  important  to  observe  that  this  point  lies  in  the  mid-lateral  line  (i.e. 
a  vertical  line  drawn  downwards  on  the  side  of  the  chest  midway  between  spine  and 
sternum).  From  this  it  ascends  slightly  as  it  curves  backwards  towards  the  spine.  Thus 
it  cuts  across  the  eleventh  rib  and  reaches  the  twelfth  rib.  The  relation  which  it  presents 
to  the  twelfth  rib  varies  in  accordance  with  the  length  of  that  rib.  When  the  last  rib  is 
not  abnormally  short  the  pleura  clothes  its  inner  half,  and  the  line  of  reflection  falls 
below  this  portion  of  the  rib  so  as  to  reach  the  spine  midway  between  the  head  of  the  last 
rib  and  the  transverse  process  of  the  first  lumbar  vertebra  (Fig.  699).  Here,  therefore, 
the  line  of  diaphragmatic  reflection  falls  below  the  lower  border  of  the  thoracic  wall, 
and  this  is  a  point  of  high  practical  importance.  In  operations  upon  the  kidney  the 
mcision  cannot  be  carried  above  the  level  of  the  transverse  process  of  the  first  lumbar 
vertebra  and  the  ligamentum  arcuatum  externum  without  the  risk  of  wounding  the  pleura. 

On  the  right  side  the  line  of  diaphragmatic  pleural  reflection  difiers  from  that  on  the 
left  chiefly  in  front  (Fig.  697,  p.  979).  Here  it  descends  to  a  lower  level.  Thus  it  pro- 
ceeds outwards  and  downwaixls  from  the  back  of  the  ensiform  cartilage  along  the 
posterior  aspect  of  the  ascending  part  of  the  seventh  costal  cartilage,  and  it  passes  beneath 
the  eighth  costal  arch,  as  a  rule,  at  the  same  point  as  on  the  left  side,  viz.  at  the  junction 
of  its  cartilaginous  and  bony  parts.  From  this  backwards  to  the  spine  the  relations  are 
so  similar  to  those  of  the  left  side  that  a  separate  description  is  unnecessary. 

It  is  commonly  stated  that  the  left  pleural  sac  reaches  a  lower  level  than  the  right 
In  certain  cases  there  is  no  doubt  that  it  does,  but  this  condition  is  by  no  means  the  rule. 
In  those  cases  where  the  two  pleural  sacs  do  not  reach  the  same  level  at  their  lowest 
points,  it  is  sometimes  the  right  and  sometimes  the  left  pleura  which  oversteps  the  mark. 

As  already  stated,  the  lowest  point  to  which  the  pleura  descends  is  usually  found,  on 
both  sides,  in  the  mid-lateral  line  where  the  diaphragmatic  reflection-line  crosses  the  tenth 
rib  or  the  tenth  intercostal  space.  This  point  can  be  very  readily  ascertained  on  the 
surface  by  drawing  a  horizontal  line  round  the  trunk  at  the  level  of  the  lower  part  of  the 
extremity  of  the  spinous  process  of  the  first  lumbar  vertebra,  and  noting  where  it  is 
intersected  by  the  mid-lateral  line.  In  the  majority  of  cases  the  point  of  intersection  will 
correspond  with  the  lowest  part  of  the  pleural  sac.  Another  horizontal  line  opposite  the 
spine  of  the  last  dorsal  vertebra  will  give  the  level  of  the  diaphragmatic  pleural  reflection 
in  the  mammillary  liue.^ 

Along  the  line  of  the  diaphragmatic  reflection  a  strong  fascia  passes  from  the 
lower  uncovered  part  of  the  diaphragm,  and  from  the  costal  cartilages  to  the  surface 
of  the  costal  pleura,  so  as  to  hold  it  firmly  in  its  place.  It  may  be  termed  the  phrenioo- 
pleural  fascia. 

MEDIASTINAL  OR  INTERPLEURAL  SPACE. 

The  term  mediastinal  space  is  applied  to  the  interval  between  the  mediastinal 
portions  of  the  two  pleural  sacs.  In  front  it  is  bounded  by  the  sternum,  and 
behind  by  the  vertebral  column.  It  is  customary  to  subdivide  this  space  in  a 
purely  arbitrary  manner  into  four  portions,  termed  respectively  superior,  anterior, 
middle,  and  posterior,  according  to  the  relations  which  they  present  to  the 
pericardium. 

The  superior  mediastinum  is  the  part  of  the  general  space  which  lies  above  the 
level  of  the  pericardium.  Its  boundaries  are  the  following: — In  front,  the  manu- 
brium sterni,  to  the  posterior  aspect  of  which  are  the  attached  lower  ends  of  the 
sterno-hyoid  and  sterno-thyroid  muscles ;  behind,  the  bodies  of  the  upper  four  dorsal 
vertebrae ;  below,  an  imaginary  and  oblique  plane,  which  extends  from  the  lowtf 
border  of  the  manubrium  sterni  backwards  and  upwards  to  the  lower  border  of  the 
fourth  dorsal  vertebra ;  laterally,  the  mediastinal  pleura. 

Within  the  superior  mediastinal  space  are  placed  (1)  the  aortic  arch  and  the 
three  great  arteries  which  spring  from  it ;  (2)  the  innominate  veins  and  the  upper 
part  of  the  superior  vena  cava ;  (3)  the  trachea,  gullet,  and  thoracic  duct ;  (4)  the 
phrenic,  pneumogastric,  left  recurrent  laryngeal  and  cardiac  nerves;  (5)  the 
thymus  gland. 

^  The  above  description  represents  the  average  results  which  have  been  obtained  from  the  ttndf  o^ 
the  pleura  in  a  larige  number  of  subjects,  eight  of  which  were  specially  hardened  by  formalin  or  other 
re-agents  for  the  purpose.  For  many  of  the  dissections  I  have  to  thank  my  former  assirtant,  Pr.  H. 
St.  J.  Brooks,  and  for  others  I  am  indebted  to  Professor  C.  J.  Patten  of  Sheffield. 
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The  middle  medlantinnm  is  the  wide  part  of  the  space  which  contains  the 
pericardium,  and  lies  below  the  superior  mediastinum.  In  addition  to  the  peri- 
cardium and  its  contents  the  middle  mediastinum  contains  the  phrenic  nerves  and 
their  accompanying  vessels. 

The  anterior  mediastinum  is  that  part  of  the  interpleural  space  which  lies 
between  the  pericardium  behind  and  the  sternum  in  front.  In  its  upper  part  this 
space  can  hardly  be  said  to  exiat,  seeing  that  here  the  two  pleural  sacs  come  into 
contact  with  each  other  on  the  anterior  aspect  of  the  pericardium ;  but  below  the 
level  of  the  sternal  ends  of  the  fourth  costal  cartilages  the  left  pleura  falls  short 
of  the  right  pleura,  and  an  interval  is  apparent.  The  only  contents  to  be  noticed 
in  the  anterior  mediastinum  are  a  few  lymphatic  glands  and  some  areolar  tissue, 
in  which  ramify  some  lymphatic  vessels,  and  some  minute  twigs  from  the  internal 
mammary  artery. 

The  poBterior  mediastinum  is  that  part  of  the  interpleural  space  which  is 
situated  behind  the  pericardium.  It  may  be  regarded  as  the  continuation  down- 
wards of  the  posterior  part  of  the  superior  mediastinum,  and  many  of  the  structures 
in  the  one  are  prolonged  downwards  into  the  other.  The  arbitrary  upper  limit  of 
the  posterior  mediastinum  is  the  lower  border  of  the  fourth  dorsal  vertebra.  In 
front  it  is  bounded  by  the  pericardium,  except  in  its  lowest  portion,  where  the 
anterior  wall  is  formed  by  the  back  of  the  diaphragm.  Behind  it  is  limited  by  the 
bodies  of  the  eight  lower  dorsal  vertebrae,  and  on  each  side  by  the  mediastinal  pleura. 
It  contains  the  descending  thoracic  aorta  with  the  left  aortic  intercostal  arteries, 
the  azygos  veins,  the  thoracic  duct  and  the  oesophagus,  with  the  two  pneumogastric 
nerves. 

Structure  of  the  Pleura. — The  pleura  on  each  side  is  a  closed  sac,  and,  like  other 
serous  membranes,  it  is  attached  by  its  outer  surface  to  the  wall  of  the  cavity  which  it 
lines  and  to  the  surface  of  the  viscus  which  it  covers.  It  is  composed  of  a  thin  con- 
nective-tissue stratum  in  which  bundles  of  fibres  cross  each  other  in  various  directions, 
and  intermixed  with  which  there  is  a  considerable  quantity  of  elastic  tissue.  On  the  inner 
surface  of  this  there  is  a  continuous  coating  of  thin  endothelial  cells  placed  edge  to  edge. 
The  pleura  so  formed  is  attached  to  the  parts  it  lines  and  invests  by  a  small  amount  of 
areolar  tissue  which  forms  a  snbserons  layer.  In  the  case  of  the  visceral  pleura  the  sub- 
serous tissue  is  continuous  with  the  areolar  tissue  in  the  substance  of  the  lung,  and  this 
accounts  for  the  tight  manner  in  which  the  membrane  is  bound  down. 

The  pleura  is  plentifully  supplied  with  blood.  This  is  conveyed  to  it  by  minute  twigs 
from  the  intercostal  arteries,  the  internal  mammary  artery,  and  the  bronchial  arteries. 
Lymphatic  vessels  also  are  particularly  abundant  in  the  pleura  and  in  the  subserous 
layer,  and  it  is  by  these  that  excess  of  fluid  is  conveyed  from  its  cavity.  Many  lymphatic 
vessels  communicate  directly  with  the  cavity  by  means  of  excessively  minute  orifices 
termed  stomata.  Dybkowsky  has  shown  that  the  lymphatics  and  stomata  of  the  pleura 
are  not  equally  distributed  throughout  the  membrane.  Over  the  ribs  and  on  the 
mediastinal  pleura  they  are  absent. 

THE  LUNGS. 

When  healthy  and  soimd  each  lung  lies  free  within  the  corresponding  pleural 
chamber,  and  is  only  attached  by  its  root  and  the  ligamentum  latum  pulmonis.  It 
is  not  common,  however,  to  meet  with  a  perfectly  healthy  lung.  Adhesions  between 
the  visceral  and  parietal  layers  of  pleura,  due  to  pleurisy,  are  generally  present. 

Like  the  cavities  in  which  they  are  placed,  the  two  lungs  are  not  precisely 
alike.  The  right  lung  is  slightly  larger  than  the  left,  in  the  proportion  of  about 
11  to  10.  The  right  lung  is  also  shorter  and  wider  than  the  left  lung.  This 
difference  is  due  to  the  great  bulk  of  the  right  lobe  of  the  liver,  which  elevates  the 
right  cupola  of  the  diaphragm  to  a  higher  level  than  the  left  cupola,  and  likewise 
to  the  heart  and  pericardium  projecting  more  to  the  left  than  to  the  right,  and 
thus  diminishing  the  width  of  the  left  lung. 

The  lung  is  light,  soft,  and  spongy  in  texture;  when  pressed  between  the 

finger  and  thumb  it  crepitates,  and  when  placed  in  water  it  floats.     The  elasticity 

of  the  pulmonary  tissue  is  very  remarkable.     A  striking  demonstration  of  this  is 

afforded  when  the  thoracic  cavity  is  opened,  and  the  atmospheric  pressure  acting 

66  6 
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upon  the  interior  and  exterior  of  the  lung  is  equalised.  Immediately  the  organ 
collapses  to  about  one-third  of  its  original  bulk,  and  it  becomes  impossible  in  such 
a  specimen  to  study  its  proper  form  and  dimensions. 

The  surface  of  the  adult  lung  presents  a  mottled  appearauce.  The  ground 
colour  is  a  light  slate-blue,  but  scattered  over  this  there  are  numerous  dark 
patches  of  various  sizes,  and  also  fine  dark  intersecting  lines.     The  coloration  of 


OF  THE   LUNOB,    PkBICARUIUM   AND  TuTMDB   GUMD. 

the  lung  differs  considerably  at  different  periods  of  life.  In  early  childhood  lli-i 
lung  is  roay-pink,  and  the  darker  colour  and  the  mottling  of  the  surface  which 
appear  later  are  due  to  the  pulmonary  substance,  and  chiefly  the  interstitial  areolar 
tis.sue  becoming  impregnated  more  or  less  completely  with  atmospheric  dust  anJ 
minute  particles  of  soot. 

At  every  breath  foreipi  nialtyr  of  this  kind  is  inhaleil,  Imt  only  a  niiiall  proportion  I'f  it 
rtjiohert  ihc  lung  lissu«.  The  givatiT  jwrt  of  it  I)ecom>-»  entangled  in  tht  »liniy  niuciu  wu|' jj 
toalB  thu  iniicoa-  nieniliran.-  <if  lln-  laryi-r  air-pa.wij.iw,  and  is  gi'iidnally  pot  rid  of  alonp  fiih 
the  niiicns  Ihroiigh  the  activilv  i(  the  •ilia  attaihwl  to  the  lining  epithi-liiim.  By  the  a.-iifUm 
of  these  a  current  towaidf  the  pharynx  is  e.stabliitlieii.     The  tine  dust  and  H..t 


pai'lirU's  which  reaih  lite  liner  reeetwn'  of  the  liuiKX,  and  ultiniately  the  inlmlitial 
parlly  coiivi'veii  away  ftj-  the  lyiuphalii:  vi-nHids  lo  llie  bronchial  gland.-,  which  in  wi 
l)eionif  in  many  easi*  al»«iliit>-ly  blat-k.     The  colour  of  the  limg.  thrn-r')ri'.  dei>eniir 
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f  liajipeDB  that  in  L'oal- 
:  surface  of  the  lung  may  iin  very  nearly  uniformly  black. 

The  fcetal  lung  differa  in  a  marked  degree  from  the  lung  in  an  individual  who 
has  breathed.  After  respiration  is  fully  established,  the  lung  soon  comes  to  occupy 
alm(»t  the  whole  space  allotted  to  it  in  the  pleural  cavity ;  in  the  ftetus,  on  the 
other  hand,  the  lung  is  packed  away  at  the  back,  and  occupies  a  relatively  much 
smaller  amount  of  space  in  the  thoracic  cavity.  Further,  it  is  tirm  to  the  touch, 
aud  sinks  in  water.  It  is  only  when  air  and  an  increased  supply  of  blood  are 
introduced  into  the  lung  that  it  assumes  the  soft  spongy  and  buoyant  qualities 
which  are  characteristic  of  the  adult  lung. 

Form  of  the  LiiQg:s. — The  lungs  are  accurately  adapted  to  the  walls  of  the 
pleural  chambers  in  which  they  are  placed,  and  in  the  natural  state  they  bear  on 
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the  surface  impressions  and  elevations  which  are  an  exact  counterpart  of  the 
irregularities  on  the  walls  of  the  cavity  in  which  they  lie. 

When  care  has  been  taken  to  harden  it  in  situ,  each  lung  presents  an  apex 
and  a  base,  an  inner  and  an  outer  surface,  and  an  anterior  and  a  posterior 
border. 

The  apex  pnlmonia  is  blunt  and  rounded,  and  rises  above  the  level  of  the 
oblique  first  costal  arch  to  the  full  height  of  the  cervical  dome  of  pleura.  It 
therefore  protrudes  upwards  througli  the  thoracic  inlet  into  the  root  of  the  neck. 
The  subclavian  artery  arches  outwards  on  its  inner  and  anterior  at^pects  a  short 
distance  below  its  summit,  and  a  groove  (sulcus  aubclavius)  correspondiuf;  to  the 
vessel  is  apparent  upon  it.  At  a  lower  level  on  the  apex  puhnnnis  a  shallower  and 
wider  groove  upon  its  inner  and  anterior  aspects  marks  the  position  of  the  innomi- 
nate and  subclavian  veins.  Although  these  vessels  impress  the  lung  they  are 
separated  from  it  by  the  cervical  pleura 

The  baaifl  pnlmonis  presents  a  semilunar  outline,  being  curved  around  the  base  of 
the  pericardium.  It  is  adapted  to  the  upper  surface  of  the  diaphragm,  and  conse- 
quently it  is  deeply  hollowed  out.  As  the  right  cupola  of  the  diaphragm  ascends 
higher  than  the  left,  the  basal  concavity  of  the  right  lung  is  deeper  than  that  of 
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the  left  lung.  Laterally  and  behind,  the  base  of  each  lung  is  limited  by  a  saUent 
thin  margin  which  descends  for  some  distance  in  the  narrow  pleural  recess  (sinus 
phrenico-costalis)  between  the  diaphragm  and  the  chest  walL  This  basal  maigin 
of  the  lung  extends  lower  down  on  the  outer  side  and  behind  than  it  does  in  front, 
but  it  falls  considerably  short  of  the  bottom  of  the  phrenico-costal  sinus  of  pleura. 
Thus,  after  expiration,  it  reaches  in  the  mammillary  line  the  lower  border  of  the 
sixth  rib;  in  the  axillary  or  mid -lateral  line  the  eighth  rib;  whilst  behind  it  pro- 
ceeds inwards  along  a  straight  horizontal  line  so  as  to  reach  the  vertebral  colimin 
at  the  level  of  the  extremity  of  the  spine  of  the  tenth  dorsal  vertebra.  During 
respiration  the  thin  basal  margin  rises  and  falls  in  the  phrenico-costal  sinus  of  the 
pleura,  but  even  after  the  deepest  breath  it  never  reaches  the  lowest  limit  of  this 
recess. 

The  bases  of  the  lungs  establish  important  relations  with  certain  of  the  viscera  which 
occupy  the  costal  zone  of  the  abdominal  cavity,  the  diaphragm  alone  intervening.    Thus 
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Fi«.  702. — Outer  or  Costal  Surfaces  op  the  two  Ldkgs. 
A,  Right  lung.  B,  Left  lung. 

the  base  of  the  right  lung  rests  upon  the  right  lobe  of  the  liver ;  whilst  the  base  of  the 
left  lung  is  in  relation  to  the  left  lobe  of  the  liver,  the  fundus  of  the  stomach,  the  spleen, 
and  in  some  cases  to  the  splenic  flexure  of  the  colon. 

The  outer  surface  of  the  lung  (facies  costalis  pulmonis)  is  extensive  and  convex^ 
It  is  accurately  adapted  to  that  part  of  the  wall  of  the  pleural  cavity  which  is 
formed  by  the  costal  arches  and  the  intervening  intercostal  muscles,  and  it  presents 
markings  corresponding  to  these.  Thus  the  imprint  of  the  ribs  appear  as  shallow 
oblique  grooves,  while  the  intercostal  spaces  show  as  elongated  intervening 
bulgings. 

The  inner  or  mediastinal  surface  of  the  lung  (facies  mediastinalis  pulmonis; 
presents  a  smaller  area  than  the  outer  surface.  It  is  applied  to  the  mediastinal 
septum,  and  presents  markings  in  accordance  with  the  inequalities  upon  this  (Fig. 
701,  p.  985).  Thus  it  is  deeply  hollowed  out  in  adaptation  to  the  pericardium  upon 
which  it  fits.  This  pericardial  concavity  comprises  the  greater  part  of  the  media- 
stinal surface,  and  owing  to  the  greater  projection  of  the  heart  to  the  left  side,  it  i? 
much  deeper  and  more  extensive  in  the  left  lung  than  in  the  right  lung.  Above 
and  behind  the  pericardial  hollow  is  the  hilum  of  the  lung.  This  is  a  wedge-shafted 
depressed  area,  within  which  the  vessels,  nerves,  and  lymphatics,  together  with  the 
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bronchus,  enter  and   leave  the  organ.     Amidst   these  structures  also  are  some 
bronchial  glands.     The  hiliim  is  surrounded  by  the  reflection  of  the  pleura  from 
the  surface  of  the  lung  on  to  the  pulmonary  root.     Behind  the   hilum  and  peri- 
cardial  area  there  iB  ciivirie 
on  each  lung  a  narrow 
strip  of  the  inner  sur- 
face of  the  lung  which 
is  in  relation   to  the 
lateral  wall  of  the  pos- 
terior     mediastinum. 
On  the  right  lung  this 
part  of  the  surface  is      ^ 
depressed,  and  corre-       , 
spends    to    the  oeso-    sn 

fihagus;  on  the  left  i 
ung  it  presents  a 
broad  longitudinal 
groove,  which  is  pro- 
duced by  the  contact 
of  the  lung  with  de- 
scending thoracic 
aorta,  and  also,  close 
to  the  base,  a  small 
flattened  area  in  front 
of  this  which  is  ap- 
plied to  the  cesophaguB 
where  it  pierces  the 
diaphragm. 

The  portion  of  the 
inner  surface  of  the 
lung  which  lies  above 
the  hilum  and  peri- 
cardiac hollow  is  ap- 
plied   to   the   lateral 

aspect  of  the  superior  ^^g  703.— Sauittal  Sktioh  ihhodoh  Left  SHonLoiK  akd  L»pt  Luso. 
mediastinum,  and  the 

markings  are  accordingly  somewhat  different  on  the  two  sides.  On  the  left  lung  a 
broad  deep  groove,  produced  by  the  aortic  arch,  curves  backwards  over  the  hilum, 
and  becomes  continuooa  with  the  aortic  groove  on  the  posterior  mediastinal 
surface.  From  this  a  narrower,  deeper,  and  much  more  sharply-marked  groove 
ascends,  and  turns  outwards  over  the  apex  pulmonis  a  short  distance  from  the 
summit.  This  is  the  sulcus  subclavius,  and  it  contains  the  left  subclavian  artery 
when  the  lung  is  in  place.  In  front  of  this  a  shallow  wide  groove,  also  leading 
up  to  the  front  aspect  of  the  apex,  corresponds  to  the  left  innominate  vein.  In 
the  right  lung  the  hilum  is  also  circumscribed  above  by  a  curved  groove,  but  this 
is  narrow  and  more  distinctly  curved  than  the  aortic  groove  on  the  left  side.  It 
lodges  the  vena  azygos  major  as  it  turns  forwards  to  join  the  superior  vena  cava. 
From  the  anterior  end  of  the  azygos  sulcus  a  wide  shallow  groove  extends  upwards 
to  the  lower  part  of  the  front  of  the  apex  pulmonis.  ITiis  is  produced  by  the 
apposition  of  the  lung  with  the  vena  cava  superior  and  the  right  innominate  vein. 
Close  to  the  summit  of  the  apex  there  is  also,  on  its  inner  aspect,  a  sulcus  for  the 
upper  end  of  the  innominate  artery. 

In  addition  to  the  hilum,  it  must  now  be  evident  that  the  inner  surface  of  each 
lung  presents  three  areas  which  correspond  respectively  with  (1)  the  middle 
mediastinum  (i.e.  the  pericardial  hollow) ;  (2)  the  posterior  mediastinum ;  and  (3)  the 
BUperior  mediastinum ;  and  that  in  each  of  these  districts  impressions  correspond- 
ing to  structures  contained  within  these  portions  of  the  interpleural  space  may  be 
noticed. 

The  poatarior  border  of  tlw  Itiiv  is  thick,  long,  and  rounded.     It  forms  the  most 
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bulky  part  of  the  organ,  and  occupies  the  deep  hoUow  in  the  thoracic  cavity  which 
is  placed  on  either  side  of  the  spine.  Indeed  the  term  "  border "  is  somewhat 
inappropriate,  as  it  forms  iD  reality  a  somewhat  extensive  surface  deeply  iDipresBed 

by  the  ribs,  and  not  in 
any  way  marked  off  from 
the  outer  surface  of  the 
lung. 
]  "*"  The  antoioT  border  of 

■till      the  lung  is  shorl  and  ex- 
ceedingly thin  and  sharp. 
So  It  begins  abruptly  above, 

immediately   below  the 

"'        groove  on  the  apex  for 

the  innominate  vein,  and 

p«  extends  down  to  the  base, 


tinuous  with  the  sharp 
basal  border.  The  thin 
anterior  part  of  the  lung 
is  carried  forwards  and 
inwards  in  front  of  the 
pericardium  into  the 
narrow  pleural  recess  be- 
hind the  sternum  and 
costal  cartil^^  (siniu 
costo-mediastinalis).  The 
anterior  border  <rf  the 
right  lung  fills  up  thii 
recess  completely,  and  in 
theupperpartof  thecheBt 
,  is  only  separated  from 
the  corresponding  border 
of  the  left  lung  by  tbe 
two  layers  of  mediastiiul 
pleura  which  are  reflected 
backwards  tram  the  Btei- 
num  to  the  perioardium.  The  anterior  border  of  the  left  lung,  in  its  lower 'part, 
shows  a  marked  deficiency  or  notch  (incisura  cardiaca)  corresponding  to  the  apei  oF 
the  heart,  and  where  this  exists  the  lung  margin  leaves  a  considerable  portion  of 
tbe  pericardium  uncovered,  and  fails  to  completely  fill  up  the  costo-mediastinal 
sinus  of  the  pleural  cavity.  During  respiration  the  anterior  margin  of  the  left 
lung  at  the  incisura  cardiaca  advances  and  retreats  to  a  small  extent  in  this  pleunl 
sinus  in  front  of  the  pericardium. 

Fissures  and  Lobes  of  the  Limgs. — The  l^t  lung  is  divided  into  two  bbrs 
by  a  long  deep  fissure  which  penetrates  its  substance  to  within  a  short  distance  of 
the  hilum.  Above  and  below  the  hilum  this  fissure  cuts  right  through  the  lung 
and  appears  upon  the  mediastinal  or  inner  surface.  Viewed  from  the  outer  aspect 
of  the  orgau,  it  begins  at  the  posterior  border  about  two  and  a  half  inches  below  tbe 
summit  of  the  apex,  about  the  level  of  the  vertebral  end  of  the  third  rib,  and  is 
continued  downwards  and  forwards  in  a  somewhat  spiral  direction  to  the  base  of  the 
lung,  which  it  reaches  a  short  distance  behind  its  anterior  end.  The  vjfp<a  lobe  uf 
the  lung  (lobus  superior)  lies  above  and  in  front  of  this  cleft.  It  is  conical  in 
forui,  with  an  oblique  base,  and  the  apex  and  the  whole  of  the  anterior  border  of 
the  luug  belong  to  it.  The  lower  lobe  (lobus  inferior)  lies  below  and  behind  the 
fissure.  It  is  the  more  bulky  of  the  two,  and  includes  almost  the  entire  base  and 
the  greater  part  of  the  thick  posterior  bonier. 

In  the  right  lung  there  are  two  fissures  subdividing  it  into  three  lobes.  One 
of  these  fissures  is  very  similar  iu  its  position  and  relations  to  tbe  fissure  in  the  left 
lung.    It  is,  however,  rather  more  vertical  in  its  direction,  and  ends  below  somewhat 
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further  outwarda  It  separates  the  lower  lobe  from  the  upper  and  middle  lobes. 
The  second  cleft  begins  in  the  main  fissure  at  the  posterior  border  of  the  lung,  and 
proceeds  horizontally  forwards,  to  end  at  the  anterior  border  of  the  lung  at  the 
level  of  the  fourth  costal  cartilage.  The  middle  or  intermediate  lobe  of  the  right 
lung  is  triangular  or  wedge-shaped  in  outline. 

Variations. — Variations  in  the  pulmonary  fissures  are  fairly  common.  Thus  it  sometimes 
happens  that  the  middle  lobe  of  the  right  lung  is  imperfectly  cut  off  from  the  up|)er  lobe. 
Supernumerary  fissures  also  are  not  infrequent,  and  in  this  way  the  left  lung  may  be  cut  into 
three  lobes,  an(i  the  right  lung  into  four  or  even  more  lobes.  The  occurrence  of  a  lobus  azygos 
in  the  right  lung  is  a  variation  of  some  interest,  seeing  that  such  a  lobe  ia  constant  in  certain 
mammals.  It  is  a  small  accessory  lobe,  pyramidal  in  form,  which  makes  its  appearance  on  the 
lower  part  of  the  inner  aspect  of  the  right  lung.  In  certain  cases  the  vena  azygos  major  is 
encloeed  within  a  fold  of  pleura,  and  is  sunk  so  deeply  in  the  pulmonary  substance  of  the  right 
lung  that  it  marks  off  a  small  accessory  lobe. 

ROOT  OF  THE  LUNG. 

The  term  root  of  the  lung  (radix  pulmonis)  is  applied  to  a  number  of  structures 
which  enter  and  leave  the  lung  at  the  hilum  on  its  inner  surface.  They  are  held 
together  by  an  investment  of  pleura,  and  constitute  a  pedicle  which  attaches  the 
lung  to  the  mediastinal  wall  of  the  pleural  cavity.  The  phrenic  nerve  descends  a 
short  distance  in  front  of  the  pulmonary  root,  whilst  the  vagus  nerve  breaks  up 
into  the  posterior  pulmonary  plexus  on  its  posterior  aspect  under  cover  of  the 
investing  pleura.  The  delicate  anterior  pulmonary  plexus  is  placed  in  front  of  the 
root  of  the  lung  beneath  the  pleura,  whilst  from  the  lower  border  of  the  root  of  the 
lung  the  Ugamentum  latum  pulmonis  extends  downwards.  These  are  the  relations 
which  are  common  to  the  pulmonary  root  on  both  sides  of  the  body,  but  there  are 
others  which  are  peculiar  to  each  side.  On  the  right  side  the  superior  vena  cava 
lies  in  front  of  the  pulmonary  root,  whilst  the  vena  azygos  major  arches  over  its 
upper  aspect.  On  the  left  side  the  aorta  arches  over  the  root  of  the  lung,  whilst 
the  descending  thoracic  aorta  passes  down  behind  it. 

Constituent  Parts  of  the  Pulmonary  Root. — The  most  important  structures 
which  enter  into  the  formation  of  the  pulmonary  root  are  (1)  the  two  pulmonary 
veins;  (2)  the  pulmonary  artery;  (3)  the  bronchus.  But  in  addition  to  these 
there  are  one  or  more  small  bronchial  arteries  and  veins,  the  pulmonary  nerves 
and  the  pulmonary  lymphatic  vessels,  and  some  bronchial  glands. 

The  pulmonary  nerves  come  from  the  vagus  nerve  and  also  from  the  sympathetic  system. 
Thev  enter  the  lung  and  follow  the  air-tubes  through  the  organ.  The  bronchial  arteries  are 
small  vessels  which  carry  blood  for  the  supply  of  the  lung  tissue.  They  arise  from  the  aorta  or 
from  an  intercostal  artery,  and  vary  in  number  from  one  to  three  for  each  lung.  In  the  root  of 
the  lung  they  lie  on  the  posterior  aspect  of  the  bronchus,  and  they  follow  the  air-tubes  throufi^h 
the  organ,  rart  of  the  blood  conveyed  to  the  lung  by  the  bronchial  arteries  is  returned  by  tne 
pulmonary  veins ;  the  remainder  is  returned  by  special  bronchial  veins  which  open  on  the  right 
side  into  the  vena  azygos  major,  and  on  the  left  side  into  the  vena  azygos  minor  superior. 

The  lymphatic  vessels  of  the  lung,  as  they  emerge  from  the  hilum,  unite  into  a  small  number 
of  trunks,  which,  placed  behind  the  large  pulmonary  vessels,  open  into  the  bronchial  glanda 

The  bronchuB  in  the  root  of  the  lung  lies  behind  the  great  pulmonary  vessels. 
The  pulmonary  artery  occupies  a  different  position  on  the  two  sides  in  relation  to  the 
main  or  undivided  part  of  the  bronchus.  On  the  right  side  it  is  .placed  below 
it,  whilst  on  the  left  side  it  crosses  the  bronchus  and  occupies  a  higher  level  in  the 
pulmonary  root.  The  two  pulmonary  veins  on  both  sides  lie  at  a  lower  level  in  the 
root  of  the  lung  than  the  pulmonary  artery  and  bronchus,  whilst  the  upper  of  the 
two  veins  occupies  a  plane  in  front  of  the  pulmonary  artery  (Fig.  701,  p.  985). 

Distribution  of  the  Bronchial  Tubes  within  the  Lungs. — The  two  lungs  are 
not  symmetrical ;  the  right  luug  is  subdivided  into  three  lobes,  and  the  left  lung  is 
cleft  into  two  lobes.  The  bronchi  exhibit  a  corresponding  want  of  symmetry.  The 
right  bronchus,  as  it  approaches  the  pulmonary  hilum,  gives  ofl'  two  branches  for  the 
upper  and  middle  lobes  of  the  right  lung  respectively,  and  then  the  main  stem  of  the 
tube  enters  the  lower  lobe.  The  left  bronchus  sends  off  a  large  branch  to  the  upper 
lobe  of  the  left  lung,  and  then  sinks  into  the  lower  lobe.  The  first  branch  of  the 
right  bronchus  for  the  upper  right  pulmonary  lobe  leaves  the  main  stem  about  one 
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inch  from  the  trachea.  The  first  branch  of  the  left  bronchus,  on  the  other  hand, 
takes  origin  about  twice  that  distance  from  the  trachea. 

The  relation  of  the  pulmonary  artery  to  the  bronchial  subdivisions  is  different 
on  the  two  sides.  On  the  right  side  it  turns  backwards  to  reach  the  posterior 
aspect  of  the  bronchus  below  the  first  and  above  the  second  bronchial  branch.  On 
the  left  side  the  pulmonary  artery  turns  backwards  above  the  level  of  the  first 
bronchial  branch.  On  the  right  side,  therefore,  the  first  bronchial  branch  is  placed 
above  the  pulmonary  artery,  and  in  consequence  it  is  termed  the  eparterial  bronchiiB; 
all  the  others  lie  below  the  artery,  and  are  termed  hsrparterial  bronchi.  On  the 
left  side  there  is  no  eparterial  branch ;  they  are  all  hyparterial. 

When  the  main  stem  of  the  bronchus  is  followed  into  the  inferior  lobe  of  each 
lung,  it  is  seen  to  travel  downwards  and  backwards  in  the  pulmonary  substance 
until  it  reaches  the  thin  back  part  of  the  base  of  the  lung  which  lies  between  the 
diaphragm  and  the  thoracic  wall,  and  there  it  ends.  As  it  proceeds  through  the 
inferior  lobe  it  gives  off  a  series  of  large  ventral  and  a  series  of  smaller  donud 
branches.  As  a  rule  these  are  three  in  number  in  each  case,  and  the  dorsal  and 
ventral  branches  do  not  arise  opposite  to  each  other,  but  alternately,  one  from  the 
back,  and  then  another,  after  a  slight  interval,  from  the  front  of  the  tube.  The 
first  hyparterial  division  on  each  side  (i.e.  the  branch  to  the  middle  lobe  of  the  right 
lung  and  the  branch  to  the  upper  lobe  of  the  left  side)  is  generally  regarded  as  the 
first  member  of  the  ventral  group. 

It  was  Aeby  who  first  recognised  the  existence  in  each  lung  of  a  main  or  stem  bronchm 
giving  off  a  ventral  and  dorsal  series  of  branches,  and  who  drew  the  distinction  between  the 
eparterial  and  hyparterial  bronchial  branches.  A  consideration  of  these  relations  led  this  author 
to  conclude  that  the  eparterial  bronchus  and  the  upper  lobe  of  the  right  lung  have  no  morpholo- 
gical equivalents  on  the  left  side  of  the  body.  In  other  words,  he  was  led  to  believe  that  the 
middle  lobe  of  the  right  lung  is  the  homologue  of  the  upper  lobe  of  the  left  lung.  Hasse,  who 
has  also  investigated  the  subject,  endorsed  this  view,  witii  certain  modifications  and  additiou.% 
and  the  hypothesis,  either  in  its  original  state  as  presented  by  Aeby,  or  as  subsequently  modifit^l 
by  Hasse,  has  been,  until  lately,  very  generally  accepted  by  anatomists.  More  recent  researcli, 
however,  has  seriously  affected  tlie  stability  of  this  conclusion.  Narath  contends  that  thedifttin<- 
tion  between  the  eparterial  bronchus  of  the  right  side  and  the  hyparterial  bronchi  of  both  pkIh 
is  not  one  of  fundamental  importance,  and  further,  that  a  brancn  which  arises  from  the  fii^t 
hyparterial  bronchus  on  the  left  side  and  turns  upwaixis  into  the  apex  of  the  left  lung  is  the  direit 
equivalent  of  the  eparterial  bronchus  of  the  right  side.  This  he  terms  the  apical  bronchos,  and 
he  believes  that  it  represents  the  first  dorsal  branch  of  the  left  stem-bronchus.  Huntington,  in  i 
very  convincing  pajHir,  strongly  supports  the  contention  of  Narath,  and  holds  that,  except  **f«'r 
purposes  of  topography,  we  should  abandon  the  distinction  between  eparterial  and  hypart<»rial 
bronchi."  With  Narath  he  regards  the  eparterial  bronchus  as  a  secondary  branch  which  has 
migrated  in  an  upward  direction  on  the  main  stem.  According  to  Huntington,  therefore,  Aeby* 
proposition  should  be  amended  as  follows : — 

Bight  Bide.  Left  side. 

Upper         +         middle  lobe  =  Upper  lobe- 

Lower         +         cardiac  lobe  =  Lower  lobe. 

The  cardiac  lobe  mentioned  in  this  table  is  the  occasional  azygos  lobe  to  which  reference  hit* 
alreafly  been  made,  and  it  is  interesting  to  note  that,  whilst  the  lobe  in  question  as  a  separnk 
entity  is  rai-ely  seen  in  the  human  lung,  the  bronchus  which  corresponds  to  it  is  alw%*>s 
present  in  the  pulmonarv  substance  as  an  accessory  branch,  which  proceeds  from  the  main  «»t«'ni 
aj3  it  traverses  the  lower  lobe  of  the  right  side.     It  receives  the  name  of  the  cardiac  bronchus 

Structure  of  the  Lung. 

The  lung  is  constructed  so  that  the  blood  which  reaches  it  through  the  pulmonarr 
artery  is  brought  into  the  most  intimate  relation  with  the  air  which  enters  it  throujfh  the 
trachea  and  bronchi.  An  interchange  of  materials  between  the  blood  and  the  air  is  thu* 
rendered  possible,  and  the  object  of  respiration  is  attained.  As  a  result  of  this  intor 
change  the  dark  impure  blood  which  flows  into  the  lung  through  the  pulmonary  arterj'  is 
rendered  bright  red  and  arterial. 

Lobules  of  the  Lung'. — A  thin  layer  of  subpleural  connective  tissues  lies  subjacent 
to  the  continuous  coating  which  the  lung  receives  from  the  visceral  pleura.  From  the 
deep  surface  of  this  subpleuml  layer  fine  septal  processes  penetrate  into  the  substance  of 
the  lung,  and  these,  with  the  connective  tissue  which  enters  at  the  hihim  upon  the  vessels 
and  bronchi,  constitute  a  supporting  framework  for  the  organ.  The  lung  is  lobular,  anJ 
on  the  surface  the  small  polygonal  areas  which  represent  the  lobules  are  indicated  by  the 
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pigment  present  in  the  connective  tissue  septa  which  intervene  between  them.  Although 
uo  pigment  is  present,  the  lobular  character  of  the  lung  is  particularly  w^ell  marked  in  the 
foetus,  and  with  a  little  care  the  surface  lobules  in  the  fcetal  lung  can  be  separated  from 
each  other  by  gently  tearing  through  the  intervening  connective  tissue.  The  lobules  thus 
isolated  are  pyriform  or  pyramidal  in  form.  The  broad  bases  of  these  lobules  abut  against 
the  subpleural  layer,  whilst  each  of  the  deep  narrow  ends  receives  a  minute  division  from 
the  bronchial  system  of  tubes.  The  lobules  which  lie  more  deeply  in  the  substance  of 
the  organ  are  not  so  large,  and  are  irregularly  polygonal  in  form. 

Alveolar  Ducts,   Infundibula,  and  Air-cells. — The  larger  branches  of  the 

bronchi,  as  they  traverse  the  lung,  give  off  numerous  divisions  which,  by  repeated 
branching,  ultimately  form  a  system  of  tubes  which  pervade  the  entire  organ.  At 
first  the  bronchial  divisions  come  off  at  very  acute  angles,  but  as  the  finer  ramifications 
are  reached  this  character  becomes  much  less  apparent.  There  is  no  anastomosis  between 
the  bronchial  branches. 

Within  the  various  lobules  the  tiner  bronchioles  send  off  further  branches,  which  pro- 
ceed at  right  angles  from  them.  Soon  the  ultimate  tubes  are  reached.  These  are  not 
cylindrical,  but  have  their  walls  pouched  out  by  numerous  hemispherical  diverticula. 
Such  a  bronchiole  is  called  an  alveolar  duct,  and  the  diverticula  are  the  air-cells  or  alveoli. 
Finally  the  alveolar  duct  divides  into  two,  three,  or  more  terminal  parts,  which  become 
expanded  and  form  the  club-shaf)ed,  blind  terminations  of  the  bronchial  system  of  tubes. 
These  csscal  endings  are  the  infandibnla,  and  the  walls  of  each  are  thickly  covered  by 
alveoli  or  air-cells,  all  of  which  open  into  the  infundibulum  as  into  a  corridor. 

Structure  of  the  Bronchi. — When  the  large  bronchi  enter  the  lung  they  become 
cylindrical,  and  lose  the  flattening  on  the  posterior  aspect  which  is  characteristic  of  the 
primary  bronchi  outside  the  lung.  They  possess  the  same  coats  as  are  present  in  the  case 
of  the  trachea  and  primary  bronchi,  but  as  the  tubes  become  smaller  by  repeated  division, 
these  coats  become  correspondingly  thinner  and  finer.  Certain  marked  differences  also  in 
the  manner  in  which  the  constituents  of  these  coats  are  arranged  become  apparent. 

In  the  external  flbro-cartilaginous  coat  the  cartilage  is  no  longer  present  in  the  form 
of  incomplete  rings,  but  in  irregular  plates  or  flakes  deposited  at  various  points  around 
the  wall.  As  the  tubes  diminish  these  cartilaginous  deposits  show  a  corresponding  reduc- 
tion in  size,  until  at  last,  in  bronchi  of  1  mm.  in  diameter,  they  disappear  altogether.  The 
glands  in  relation  to  the  tubes  for  the  most  part  cease  to  exist  about  the  same  point. 
The  muscnlar  or  middle  coat,  which  in  the  trachea  and  primary  bronchi  is  conflned  to 
the  back  wall  of  the  tube,  forms  a  continuous  layer  of  circularly-arranged  bundles  in  the 
bronchi  as  they  ramify  within  the  lung.  Spasmodic  contiuction  of  the  muscular  coat  gives 
rise  to  the  serious  symptoms  which  accompany  asthmatic  affections.  The  muscidar  fibres 
of  the  middle  coat  may  be  traced  as  far  as  the  infundibula,  on  the  walls  of  which  they  are 
present  in  considerable  numbers.  The  mncoos  lining  of  the  tubes  becomes  greatly  thinned 
as  it  is  followed  into  the  smaller  bronchioles.  It  contains  a  large  number  of  longitudinally- 
arranged  elastic  fibres,  and  is  disposed  in  longitudinal  folds,  so  that  when  the  tube  is  cut 
across  the  lumen  presents  a  stellate  appearance.  The  mucous  membrane  is  lined  by 
ciliated  columnar  epithelium. 

Structure  of  the  Infundibula  and  Alveoli. — The  walls  of  the  infundibula  and 

alveoli  are  exceedingly  flne  and  delicate,  but  nevertheless  constituents  continuous  with 
those  observed  in  the  three  coats  of  a  bronchus  are  found  entering  into  their  construction. 
The  epithelium  is  reduced  to  a  single  layer.  Further,  it  is  no  longer  columnar  and 
ciliated,  but  it  has  become  flat  and  pavement-like.  Two  kinds  of  epithelial  cells  may  be 
recognised — (1)  a  few  small  granular  polygonal  cells,  arranged  singly  or  in  groups  of  two 
or  three ;  (2)  more  numerous  thin  cells  of  large  size,  and  somewhat  irregular  in  outline. 
Outside  the  epithelium  is  a  delicate  layer  of  faintly-fibrillated  connective  tissue.  This  is 
strengthened  by  a  network  of  elastic  fibres  which  is  specially  well  marked  around  the 
mouths  of  the  alveoli,  and  is  also  to  some  extent  carried  over  the  walls  of  the  air-cells. 
Muscular  fibres  are  likewise  present  on  the  walls  of  the  infundibula,  but  it  is  questionable 
if  any  are  prolonged  over  the  air-cells. 

Pulmonary  Vessels. — The  pulmonary  artery,  as  it  traverses  the  lung,  divides  with 
the  bronchi,  and  closely  accompanies  these  tubes.  The  resultant  branches  do  not  anasto- 
mose, and  for  the  most  part  they  lie  above  and  behind  the  corresponding  bronchi.  The 
fine  terminal  divisions  of  the  artery  join  a  dense  capillary  plexus  which  is  spread  over  the 
alveoli  or  air-cells.  This  vascular  network  is  so  close  that  the  meshes  are  barely  wider 
than  the  capillaries  which  form  them.  In  the  partitions  between  adjacent  alveoli  there 
is  only  one  layer  of  the  capillary  network,  and  thus  the  blood  flowing  through  these 
vessels  is  exposed  on  both  aspects  to  the  action  of  the  air  in  the  air-cells.     The  radicles 
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of  the  pulmonary  vein  arise  in,  and  carry  the  blood  from,  the  pulmonary  capillary  plexus. 
Each  afferent  arteriole  supplies  the  blood  which  flows  through  the  capillaries  spread  over 
a  number  of  neighbouring  alveoli,  and  in  like  manner  each  efiPerent  venous  radicle  drains 
an  area  corresponding  to  several  adjoining  air-cells.  At  first  the  veins  run  apart  from 
the  arteries,  but  after  they  have  attained  a  certain  size  they  join  them  and  the  bronchi. 
As  a  rule  the  pulmonary  veins  are  placed  on  the  lower  and  front  aspect  of  the  corre- 
sponding bronchi. 

Development  of  the  Respiratory  Apparatus. 

The  lar3mx,  the  trachea,  the  bronchi,  and  the  lungs  arise  as  an  outgrowth  from  the 
ventral  aspect  of  the  foregut.  The  first  indication  of  a  respiratory  tract  occurs  in  the 
human  embryo  when  it  has  attained  a  length  of  3'2  mnt,  on  or  about  the  fifteenth  day 
of  development.  A  median  longitudinal  groove  makes  its  appearance  within  the  foregut 
on  its  ventral  wall.  This  extends  from  the  pharynx  in  front  to  the  region  of  the  stomach 
behind,  and  it  gradually  deepens  as  it  passes  backwards.  The  hinder  or  gastric  end  of 
the  pulmonary  groove  ends  in  a  blind  diverticulum  or  pocket,  which  freely  communicates 
with  the  cavity  of  the  foregut,  and  forms  a  hollow  median  protrusion  on  the  ventral 
aspect  of  this  portion  of  the  primitive  alimentary  canal.  The  opposite  end  of  the  groove 
is  bounded  by  the  furcula  (see  p.  35).  Further,  it  is  lined  with  endoderm  or  hypoblast 
continuous  with  the  endodermal  lining  of  the  foregut. 

Trachea  and  Lar]rnx. — The  pulmonary  groove  on  the  ventral  aspect  of  the  foregut 
becomes  first  partially  and  then  completely  separated  from  the  part  of  the  foregut  which 
lies  on  its  dorsal  aspect  by  two  lateral  ridges  which  grow  inwards  and  finally  meet.  Two 
tubes  are  thus  formed — viz.  one  behind,  the  oesophagus,  and  the  other  in  front,  the 
trachea  and  larynx.  At  their  cephalic  ends  a  communication  between  the  two  tubes  is 
preserved  as  the  permanent  communication  between  the  larynx  and  pharynx. - 

The  cephalic  end  of  the  air-tube  which  is  thus  separated  off  from  the  foregut  becomes 
enlarged  to  form  the  larynx,  whilst  the  remainder  is  developed  into  the  trachea.  The 
cartilages  of  the  larynx  do  not  make  their  appearance  until  the  eighth  or  ninth  week. 
.  The  thyroid  cartilage  is  believed  to  be  formed  out  of  the  ventral  portions  of  the  cartilages 
which  support  the  4th  and  5th  visceral  arches  of  the  two  sides  united  in  the  median  plane. 
The  epiglottis  takes  form  in  the  upper  or  front  part  of  the  furcula  (see  chapter  on  Embryo- 
logy, p.  35),  whilst  the  aryteno-epiglottidean  folds  and  the  arytenoid  cartilages  are 
developed  in  its  lateral  portions.  The  cricoid  cartilage  and  the  tracheal  rings  are  formed 
in  the  mesoderm  of  the  air-tube. 

Lung's  and  Bronchi. — The  endodermic  diverticulum,  or  pocket  in  which  the  gastric 
end  of  the  primitive  respiratory  groove  terminates,  very  early  bifurcates  into  two  ve^- 
cular  portions,  which  represent  the  primitive  right  and  left  bronchi  and  lungs.  From  the 
first  the  right  pulmonary  vesicle  is  slightly  the  larger  of  the  two.  Both  elongate,  and 
almost  immediately  each  part  undergoes  a  subdivision — the  right  into  three  vesicles,  and 
the  left  into  two  vesicles — thus  early  indicating  the  three  lobes  of  the  right  lung  and  the 
two  lobes  of  the  left  lung.  The  endodermal  cells  form  the  epithelial  lining  of  the  air- 
passages,  whilst  from  the  mesoderm  are  derived  the  blood-vessels  and  the  other  tissues 
which  build  up  the  lung.  The  hypoblastic  or  endodermal  subdivisions  thus  formed  are 
embedded  within  the  surrounding  mesoderm.  The  main  endodermal  subdivisions  continue 
to  branch  and  rebranch,  pushing  their  way  into  the  pulmonary  mesoblast,  until  the 
complete  bronchial  tree  is  formed.  The  method  of  subdivision  is  very  characteristic,  and 
from  the  first  the  various  branches  are  bulbous  or  flask-shaped  at  their  extremities. 
These  bifurcate,  and  although  at  first  the  two  subdivisions  in  each  case  appear  of  eqiwl 
importance,  one  grows  out  as  the  continuation  of  the  main  bronchial  stem,  whilst  the 
other  remains  as  a  lateral  branch.  When  the  ramification  of  the  endodermal  tubes  into 
the  lung  mesoderm  is  complete,  the  small  terminal  flask-shaped  extremities  of  the  various 
branches  represent  the  infundibula.  At  first  these  are  devoid  of  air-cells,  but  between 
the  sixth  month  and  the  termination  of  gestation  the  alveolar  diverticula  make  their 
appearance  on  the  alveolar  ducts  and  on  the  infundibula.  It  is  thus  seen  that  the 
epithelial  lining  of  the  entire  system  of  bronchial  tubes,  infundibula  and  alveoli,  is 
originally  derived  from  the  endodermal  lining  of  the  foregut.  The  other  constituents 
which  enter  into  the  constitution  of  the  lungs  and  bronchi  are  derived  from  the  mesoblast 

The  rudiments  of  the  lungs  grow  backwards  on  either  side  of  the  cesophagus  into  the 
fissure-like  portion  of  the  coelom  which  occupies  the  thoracic  region.  They  push  before 
them  the  epithelial  lining  of  the  latter,  and  thus  acquire  their  covering  of  visceral  pleura. 
By  the  development  of  the  diaphragm  and  the  pericardium  the  pleural  portions  of  the 
coelom  become  cut  ofl^  from  the  peritoneal  cavity  and  from  each  other. 


THE  DIGESTIVE  SYSTEM. 

By  Ambrose  Birmingham. 

Under  this  head  will  be  described  the  parts  which  are  connected  with  the 
reception  and  mastication  of  the  food,  and  its  digestion  and  passage  through  the 
body.  As  the  greater  part  of  the  digestive  system  is  placed  within  the  abdomen, 
the  description  of  this  cavity  as  a  whole,  with  that  of  its  lining  membrane  the 
peritoneum,  will  be  included. 

The  different  parts  of  the  digestive  system  may  be  grouped  under  the  following 
heads,  viz : — 

1.  The  Alimentary  Canal  or  Digestive  Tube. 

2.  The  Digestive  Glands. 

3.  Accessory  Parts. 

Alimentary  Oanal. — The  alimentary  canal,  taken  as  a  whole,  measures  about 
30  feet  in  length  (Fig.  705),  and  consists  of  the  following  parts  in  order : — mouth, 
pharynx,  oesophagus,  stomach,  small  and  large  intestines.  The  mouth  is  the  first 
division  of  the  tube.  It  is  separated  from  the  nasal  cavities  above  by  the  palate, 
and  opens  behind  into  the  pharynx.  This  latter  is  an  expanded  portion  of  the 
canal  lying  behind  both  the  mouth  and  the  nasal  cavity,  the  former  opening  into 
it  through  the  isthmus  of  the  fauces,  the  latter  through  the  posterior  nares ;  whilst 
lower  down,  immediately  below  the  base  of  the  tongue,  the  aperture  of  the  larynx 
is  found  on  its  anterior  wall.  Opposite  the  lower  border  of  the  larynx,  the  pharynx 
is  succeeded  by  the  oesophafinis,  a  long  and  comparatively  straight  portion  of  the 
digestive  tube,  leading  through  the  neck  and  thorax  to  the  abdomen,  which  it 
reaches  by  piercing  the  diaphragm.  Immediately  after  entering  the  abdomen  the 
tube  expands  into  a  pear-shaped  dilatation,  the  stomach.  This  is  followed  by  over 
20  feet  of  small  intestine,  the  junction  of  the  two  being  marked  by  a  constriction, 
the  pylorus.  The  small  intestine  presents  three  more  or  less  arbitrary  divisions — 
namely,  (a)  the  duodenum,  a  part  about  10  inches  in  length,  curved  somewhat  like 
a  horse-shoe,  and  closely  united  to  the  posterior  abdominal  wall ;  (6)  the  jejunum, 
which  includes  the  upper  two-fifths,  and  (c)  the  ileum,  the  lower  three-fifths  of  the 
small  intestine  beyond  the  duodenum.  The  jejunum  and  ileum  are  movably 
suspended  from  the  posterior  abdominal  wall  by  the  mesentery,  a  fan- shaped  fold 
of  the  peritoneum  or  lining  membrane  of  the  abdominal  cavity.  The  terminal  part 
of  the  ileum  opens  into  the  side  of  the  large  intestine,  a  few  inches  (2i)  from  the 
blind  commencement  of  the  latter.  There  is  thus  formed  at  the  beginning  of  the 
great  intestine  a  cul-de-sac,  the  caecum,  in  connexion  with  which  is  found  a  small 
worm-shaped  diverticulum,  the  vermiform  appendix. 

The  orifice  through  which  the  ileum  opens  into  the  large  intestine  is  guarded 
by  the  ileo-c8Bcal  valve,  which  prevents  any  return  of  its  contents  from  the  large  into 
the  small  bowel.  After  the  caecum  comes  the  ascending  colon,  which  runs  up  in 
the  right  side  of  the  abdomen.  This  is  succeeded  in  order  by  the  transverse  colon 
crossing  from  right  to  left,  the  descending  colon  running  down  on  the  left  side,  the 
sigmoid  flexure  of  the  colon  (which  includes  the  iliac  and  greater  part  of  the  pelvic 
colons  of  the  text),  and  finally  the  rectum,  which  opens  on  the  surface  at  the  anus. 

Digestive  Glands. — Whilst  the  greater  part  of  the  alimentary  canal  is 
furnished  with  numerous  minute   glands  contained  entirely  within  its  walls, 
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there  are  in  addition  certain  special  accumulations  of  glandular  tissue,  Daniely, 
the  liver,  the  pancrsas,  and  the  salivary  glands,  which,  although  developed  in  the 


P[<i.  705.— l-lENEKAL    ViRW   OK    THE    lllllKnTlVB   iiYHTEM  (dUgtUUmatic). 

The  traDBvene  colon  hts  1>cen  t'ut  to  show  th«  dumleauiii,  but  iln  conree  it  iniliotfd  bj  doUnl  Itnni.  T^' 
vermironn  appendix  ia  HMn  liaiiging  ilowii  from  the  cm^um.  The  loop  of  lar^  intMtina  which  pnn-lr-- 
the  rectum  ia  marked  ""igmoid  fleiure,"  and  includes  the  iliac  colon  and  the  grealer  pan  of  Ihf  |»l>;> 

emhryo  as  outgrowths  of  its  wall,  lie  entirely  outside  the  tube  in  the  adult, 
and  are  connected  with  it  by  special  ducts  through  which  the  gland-secretiou* 
pasa     The  largest  of  these,  the  liver,  is  placed  in  the  upper  and  right  portion  of 
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the  abdominal  cavity,  immediately  beneath  the  diaphragm,  and  its  secretion — 
the  bile — is  conveyed  into  the  duodenum  by  the  bile  duct.  The  pancreas,  next  in 
size,  lies  across  the  front  of  the  vertebral  column,  with  its  right  end  or  head  resting 
in  the  concavity  of  the  duodenum,  into  which  its  secretion  flows  through  the 
pancreatic  duct.  The  salivary  glands,  of  which  there  are  three  chief  pairs — parotid, 
submaxillary,  and  sublingual — are  placed  about  the  face,  and  their  ducts,  which 
convey  the  saliva,  open  into  the  mouth.  Whilst  the  secretion  of  these  latter 
undoubtedly  possesses  some  digestive  action,  and  they  must  consequently  be  ckssed 
as  digestive  glands,  nevertheless  the  saliva  is  to  be  looked  upon  as  a  mechanical 
lubricant,  which  facilitates  swallowing  and  the  movements  of  the  tongue  in  speaking 
and  masticating,  rather  than  as  an  aid  to  the  digestive  process. 

Accessory  Parts. — Under  this  heading  we  group  the  teeth,  tongue,  gums, 
palate,  and  tonsils.  The  teeth,  32  in  number  in  the  adult,  are  embedded  in  the 
jaws  and  surrounded  by  the  gums.  The  tongue  is  a  muscular  organ,  useful  alike 
in  masticating,  swallowing,  speaking,  and  in  the  exercise  of  the  sense  of  taste, 
which  specially  resides  in  its  modified  epithelium ;  it  occupies  the  greater  portion 
of  the  floor  of  the  mouth,  whilst  the  roof  of  that  cavity  is  formed  by  the  hard 
palate  anteriorly,  and  by  the  soft  palate  behind.  Finally,  the  tonsils  (Fig.  707)  are 
two  large  masses  of  lymphoid  tissue,  found  on  the  side- walls  of  the  oral  portion  of 
the  pharynx,  just  behind  the  mouth. 

THE  MOUTH. 

The  mouth  is  the  expanded  upper  portion  of  the  digestive  tube,  specially 
modified  for  the  reception  and  mastication  of  the  food.  In  it  we  distinguish :  the 
aperture  of  the  moutii  placed  between  the  lips;  the  vestibule,  the  slit-like  space 
which  intervenes  between  the  teeth  and  gums  internally,  and  the  lips  and  cheeks 
externally  (Fig.  706) ;  and  the  cavity  of  the  mouth,  which  lies  within  the  round  of 
the  dental  arches,  and  opens  behind  into  the  pharynx  through  the  isthmus  of  the 
fauces  (Fig.  707). 

The  aperture  of  the  mouth  (rima  oris)  is  the  upper  or  anterior  opening  of  the 
alimentary  canal,  and  is  bounded  above  and  below  by  the  corresponding  lips, 
which,  by  their  junction  at  the  sides,  form  the  angles  of  the  mouth  (commissurse 
labiorum).  In  a  state  of  rest,  with  the  lips  in  apposition,  the  rima  appears  as  a 
slightly  curved  line,  corresponding  in  length  to  the  interval  between  the  first 
premolar  teeth,  and  in  level  to  a  line  drawn  across  just  below  the  middle  of  the 
upper  incisor  crowns.  The  shape  of  the  rima  varies  with  every  movement  of  the 
lips,  from  the  resting  linear  form,  curved  like  the  conventional  bow,  to  a  circular 
or  oval  shape  when  the  mouth  is  widely  open,  or  the  "  pursed  up  "  condition  pro- 
duced by  the  contraction  of  the  orbicularis  oris. 

The  vestibule  (vestibulum  oris.  Fig.  706)  lies  immediately  within  the  aperture 
of  the  mouth.  In  the  normal  resting  condition  its  cavity  is  practically  obliterated 
by  the  meeting  of  its  walls,  which  reduces  it  to  a  sUt-like  space.  It  is  limited  on 
the  one  hand  by  the  deep  surface  of  the  lips  and  cheeks,  and  on  the  other  by  the 
dental  arches  and  gums.  Its  narrow  roof  and  floor  are  formed  respectively  by  the 
reflection  of  the  mucous  membrane,  from  the  deep  surface  of  the  lips  and  cheeks  to 
the  corresponding  gum.  This  reflection  is  interrupted  in  the  middle  line  by  a 
small  but  prominent  fold  of  the  mucous  membrane,  the  frenulum,  which  connects 
the  back  of  each  lip  to  the  front  of  the  gum.  The  upper  frenulum  is  the  better 
developed,  and  is  readily  brought  into  view  by  everting  the  lip. 

On  the  outer  wall  of  the  vestibule,  opposite  the  crown  of  the  middle  upper 
molar,  is  seen,  upon  a  variably  developed  eminence  (Fig.  716),  the  small  opening  of 
Stenson's  duct,  which  conveys  the  saliva  from  the  parotid  gland  to  the  mouth. 

When  the  teeth  are  in  contact  the  vestibule  communicates  with  the  cavity  of 
the  mouth,  only  through  the  small  and  irregular  spaces  left  between  the  opposing 
teeth,  and  posteriorly  by  a  wider  but  variable  aperture  behind  the  last  molars. 

Advantage  is  sometimes  taken  of  the  presence  of  this  aperture,  which  lies  between  the 
wisdom  teeth  and  the  ramus  of  the  jaw,  for  the  introduction  of  liquid  food  in  certain  cases — 
trismus,  anchylosis,  etc. — ^in  which  the  mouth  is  rigidly  closed. 
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The  anterior  border  of  the  masseter  can  be  distinctly  felt  with  tlie  Boger,  on  the  oul*r  wall 
of  the  vestibule,  when  the  uiuscle  h  thrown  into  a  state  of  contraction.  Still  further  bock,  the 
front  of  the  coiDnoid  process,  bearing  the  lower  part  of  the  inaertion  of  the  temporal  njuscle,  i-an 
be  easily  made  out;  Whilst  the  pterygo-niaxiUary  ligament,  which  corresponds  to,  and  Li  frll 
along  with,  the  anterior  boider  of  the  internal  pterygoid,  is  distinguishable  as  a  pliant  riilgH 
when  tlie  finger  is  carried  from  thu  front  of  the  coronoid  process  mwardi)  behind  the  wisdom 
tfieth  to  the  cavity  of  the  mouth. 

In  addition  to  Stvnson's  duct,  the  ducts  of  numerous  small  glands  which  arc  embedded  in  the 
lips  and  cheeks  open  into  the  vestibule. 

Under  normal  conditions,  as  pointed  out  above,  the  lij>8  and  cheeks  lie  against  the  i^th  and 
gums,  obliterating  the  cavity  of  the  vestibule,  and  helping,  with  the  aid  of  the  tongue,  lu  kw|i 
the  food  between  tlie  grinding  surfaces  of  the  molar  t«eth  during  mastication.  In  facial  pal^y. 
however,  owing  to  the  paralysis  of  their  muscles,  the  lips  and  cheiiks  fall  away  from  the  aeni.il 
arches,  and  allow  the  food  to  pass  out  from  between  the  teeth  and  to  accumulate  in  the  vt*tibul.-. 

Lips  (labia  oris,  Fig.  708). — These  are  the  Iwo  movable  folds,  covered  superfici- 
ally by  skin,  aod  on  their  deep  surface  by  diucoub  membrane,  which  surround  the 
rima  oris.     Laterally  the  two  meet  at  the  anglea  of  the  mouth,  and  beyond  tliis  arc 


Fill.  706. — Coronal  Swtion  t 

The  slit-like  char«etet  of  the  vestibule,  the  manner  In  which  the  tongue  Wis  up  the  niouth  c«Tily.  i'.- 
cloie  Bppositioa  of  tbetoeth,  the  relitiont  of  tbe  roots  or  the  up)<er  molara  tn  t1i<  uitniin  of  Hift 
more,  the  plica  auliliagualis  aver  the  sabliugual  gland,  nnd  the  iioaition  of  the  ruiinr  utery  jih.viL 
lie  noted. 

prolonged  into  the  cheeks,  with  which  they  are  eontinuoua  The  upper  lip  preseDt- 
OD  its  superficial  surface  a  well-marked  vertical  groove,  the  philtnmi,  bounded  by 
two  distinct  ridges  descending  from  the  columella  nasi  (Fig.  71-);  inferiorlj  the 
groove  widens  out,  and  terminates  opposite  a  slight  projection — the  labial  lubenl' 
— on  the  free  edge  of  the  upper  lip.  This  tubercle  ia  particularly  well  developeii 
in  children,  and  is  chiefly  responsible  for  the  character!  a  tic  curve  of  the  rima  on-i 
The  lower  is  usually  longer  and  more  movable  than  the  upper  lip. 

In  passing  from  before  backwards  the  following  structures  are  found  in  the 
lips: — (1)  The  skdn,  which  ia  closely  beset  with  hairs,  small  and  fine  in  the  chilii 
and  female,  long  and  stout  in  the  adult  mala  (2)  A  layer  of  fatty  snperflcUl  fitfot 
continuous  with  the  fascia  of  the  face  generally.  (3)  The  orbiciiluis  orii  mtuck. 
continuous  at  its  periphery  with  the  various  muscles  converging  towards  the  mouth 
A  number  of  ita  fibres,  or  those  of  the  muscles  joining  it,  pass  througti  the  su[ier- 
ticial  fascia  and  are  attached  to  the  skin,  thus  establishing  a  close  connexion 
between  the  latter  and  the  muscle.  (4)  The  sabmncoos  tiune,  which  is  occu)>ie<l 
by  an  almost  continuous  layer  of  racemose  glands — the  labial  [lands  (glandule 
labiales).  These  open  into  the  vestibule,  and  their  secretion  is  saiii  to  U- 
mucoua  (5)  The  macooB  membrane  of  the  mouth,  covered  by  atratified  stiuantfiii-- 
epithelium.     Between  the  orbicularis  and  mucous  membrane,  but  nearer  to  the 
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former,  that  is,  in  the  deeper  part  of  the  submucosa,  the  coronary  artery  is 
found  a  short  distance  from  the  free  margin  of  the  lip,  running  to  meet  its  fellow 
of  the  opposite  side. 

The  free  margin  of  the  lip  is  covered  by  a  dry  and  otherwise  modified  mucous  membrane. 
It  begins  where  the  integument  changes  colour  at  the  outer  edge  of  the  lip,  and  ends  posteriorly 
just  behind  the  line  along  which  the  two  lips  meet  when  closed,  where  it  passes  into  the  ordinary 
moist  mucous  membrane  of  tlie  vestibule.  It  presents  numerous  simple  vascular  papillae,  and 
its  nerves  (which  are  derived  from  the  infra-orbital  in  the  upper  lip,  from  the  long  buccal  at  the 
angles,  and  from  the  mental  branch  of  the  inferior  dental  in  the  lower  lip)  terminate  in  special 
ena  organs,  hence  the  acute  sensitiveness  of  this  part  In  the  child,  at  birth,  the  margin  of  the 
lip  is  divided  by  a  very  pronounced  groove  or  fissure  into  an  outer  and  an  inner  zone,  differing 
considerablv  in  their  appearance. 

When  the  ton^e  is  pressed  firmly  against  the  back  of  the  lips  and  moved  about,  the  labial 
glands  can  be  distinctly  felt  through  the  mucous  membrane,  giving  the  impression  of  a  knobby 
or  irregular  surface.  The  glands,  which  are  about  the  size  of  hemp-seeds  and  can  be  readily 
displayed  by  removing  the  mucous  membrane,  are  more  numei'ous  in  the  lower  than  in  the 
upper  lip.  Stoppage  of  their  ducts,  with  the  resulting  distension  of  the  glands,  gives  rise  to 
"mucous  cysts,'  a  well-known  patholo^cal  condition. 

It  should  be  remembered,  in  connexion  with  epithelioma  of  this  jmrt,  that  the  lymphatics  of 
both  lips  pass  down  to  join  the  submaxiUary  lymphatic  glands. 

Cheeks  (buccae). — The  cheeks  resemble  the  lips  in  structure,  being  formed  of  cor- 
responding layers.  Superficially  is  the  skin.  Under  this  lies  tlie  fatty  superficial 
fascia  of  the  face,  through  which  Stenson's  duct  runs  inwards  to  pierce  the 
buccinator ;  in  it  also,  near  the  end  of  the  duct,  are  found  four  or  five  mucous 
glands,  as  large  as  hemp-seeds.  These  are  known  as  the  molar  glands  (glandular 
molares);  their  ducts  pierce  the  cheek  and  open  into  the  vestibule.  Beneath 
this  superficial  fascia  lies  the  buccinator  muscle,  covered  by  the  thin  bucco- 
pliaryngeal  aponeurosis.  Deeper  still  is  the  submucosa,  which,  like  that  of 
the  lips,  contains  numerous  racemose  buccal  glands  (glandular  buccales).  And 
finally  the  mucous  membrane  is  reached  (Fig.  709). 

An  important  conBtituent  of  the  cheek  of  the  infant  is  the  sacking  pad  (corpus  ndiposum 
buccae),  an  encapsuled  mass  of  fat,  distinct  from  the  surrounding  superficial  fascia,  which  lies  on 
the  outer  side  of  the  buccinator,  and  passes  backwaids  into  the  large  recess  between  that  muscle 
and  the  overlying  anterior  part  of  the  masseter.  This  fatty  mass,  which  is  relatively  more 
developed  in  the  child  than  in  the  adult,  stren^hens  the  cheek,  and  helps  it  to  resist  the  effects 
of  atmoepheric  pi'essure  during  the  act  of  sucking.  In  the  adult  the  remains  of  the  pad  can  be 
distinctly  made  out  under  the  anterior  border  of  the  masseter. 

Cavity  of  the  Mouth  Proper  (cavum  oris  proprium). — This  is  the  space 
situated  within  the  dental  arches.  The  latter,  with  the  gums,  separate  it  from 
the  vestibule  (Fig.  706),  so  that  the  two  communicate,  when  the  teeth  are  in 
contact,  only  by  the  irregular  interdental  spaces,  and  through  the  passages  behind 
the  wisdom  teeth  already  referred  to. 

Posteriorly  the  cavity  of  the  mouth  opens,  through  the  isthmus  of  the  fauces, 
into  the  pharynx  (Fig.  707). 

Its  roof  is  formed  by  the  hard  and  the  greater  part  of  the  soft  palate ;  whilst 
its  floor,  in  the  ordinary  resting  condition,  is  entirely  occupied  by  the  tongue 
(Fig.  709).  If,  however,  the  tip  and  marginal  parts  of  the  tongue  be  raised,  there 
is  exposed  a  limited  surface  to  which  the  term  "  floor  of  the  mouth  "  or  sublingual 
region  is  more  usually  applied  (Fig.  712). 

The  sublingual  region  (Fig.  712)  is  covered  by  the  oral  mucous  membrane  which 
is  carried  across  from  the  deep  surface  of  the  gum  to  the  inferior  aspect  of  the 
tr>ngue,  with  the  mucous  membrane  of  which  it  becomes  continuous.  When  the 
tip  of  the  tongue  is  raised  the  membrane  forms  in  the  middle  line  a  prominent 
fold,  the  frennm  lingnaB,  stretching  from  the  floor  of  the  mouth  to  the  under  surface 
of  the  tongue.  On  each  side  of  the  frenum,  near  its  junction  with  the  floor,  there 
can  be  readily  made  out  a  prominent  soft  papilla  (caruncula  sublingualis),  on 
which  the  opening  of  Wharton's  duct  (of  the  submaxillary  gland)  may  be  seen 
(Fig.  712).  Running  outwards  aud  backwards  on  each  side  from  this,  and  occupy- 
ing the  greater  part  of  the  floor  of  the  mouth,  there  is  a  well-marked  ridge  (pUca 
sublingualis)  due  to  the  projection  of  the  underlying  sublingual  gland,  most  of  the 
ducts  of  which  open  near  the  crest  of  the  ridge. 
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When  the  mouth  is  closed,  and  respiration  is  carried  on  through  the  nose,  the  cavum  oris 
is  reduced  to  a  slit-like  space,  and  practically  obliterated  by  the  tongue  coniiug  in  contact 
with  the  palate  above,  and  with  the  ffums  and  teeth  laterally  and  in  front  (Fig.  706).  When  the 
mouth  is  slightly  open  and  the  teeth  nearly  in  contact,  the  tongue  becomes  somewhat  concave 
or  grooved  along  the  middle  line,  and  leaves  a  channel-like  space  between  it  and  the  palate,  while 
it  remains  in  contact  with  the  roof  and  gums  laterally.  By  depressing  the  hyoid  bone  ¥rith  the 
root  of  the  tongue,  the  cavum  oris  can  be  increased  to  a  considerable  size  even  when  the  teeth  art' 
in  contact  Finall  v,  by  the  simultaneous  descent  of  the  lower  jaw  and  hyoid  bone  with  the  tongue, 
and  the  ascent  of  the  soft  palate,  the  cavity  is  increased  to  its  greatest  dimensions  (Fig.  707). 

Gums  (gingivee). — This  term  is  applied  to  the  red  firm  tissue,  continuous  with 
the  mucous  membrane  of  the  vestibule  on  the  one  hand,  and  with  that  of  the 
palate  or  floor  of  the  mouth  on  the  other  (Fig.  706),  which  covers  the  alveoLir 
borders  of  the  maxilla  and  mandible,  and  surrounds  the  necks  of  the  teeth. 
The  gums  are  composed  of  dense  fibrous  tissue,  inseparably  united  to  the  periosteuiu 
and  covered  by  mucous  membrane.  They  are  richly  supplied  with  blood-vessels, 
but  sparsely  with  nerves,  and  are  covered  by  stratifi^  squamous  epithelium. 
Around  the  neck — or  more  correctly  the  base  of  the  crown — of  each  tooth,  the  gum 
forms  a  free  overlapping  collar,  and  at  this  part  particularly  it  is  closely  beset  with 
small  papillae,  visible  to  the  naked  eye.  In  thickness  it  usually  measures  from  1 
to  2  mm. 

THE  PALATE  AND  ISTHMUS  FAUCIUM. 

The  palate  (palatum)  is  the  term  applied  to  the  strongly-arched  structure  which 
forms  the  roof  of  the  mouth,  and  projects  posteriorly  into  the  pharynx  as  a  pliant 
fold,  imperfectly  dividing  that  cavity  into  two  (Figs.  708  and  710).  Its  anterior  half 
or  more  has  a  foundation  of  bone,  and  separates  the  nasal  fossae  from  the  mouth. 
This  part  is  known  as  the  hard  palate.  The  posterior  portion,  which  is  free  froui 
bone,  separates  the  naso-pharynx  above,  from  the  mouth  and  oral  pharynx  l^elow. 
and  is  known  as  the  soft  palate. 

The  hard  palate  (palatum  durum.  Fig.  708)  occupies  the  space  within  the 
upper  dental  arch,  and  is  continuous  with  the  gums  in  front  and  laterally,  whilst 
behind  it  passes  into  the  soft  palate.  It  is  formed  by  the  palatal  processes  of  the 
superior  maxillary  and  palate  bones  (Fig.  721),  covered  by  periosteum,  and  by  a 
layer  of  firm  mucous  membrane.  Beneath  this  mucous  membrane,  particularly  at 
the  sides  and  in  front,  is  found  a  considerable  quantity  of  dense  fibrous  tissue, 
firmly  united  to  the  periosteum  on  the  one  hand  and  to  the  mucous  membrane  on 
the  other.  This  dense  tissue  forms  an  effective  protection  for  the  palate,  and,  in 
addition  to  the  palatine  vessels  and  nerves,  it  contains  in  its  posterior  half  a  large 
number  of  racemose  (palatine)  glands. 

Traversing  the  middle  of  the  palate  is  seen  a  faint  central  ridge  or  raphe  (Fig.  707X  indicating' 
its  original  development  from  two  lateral  halves.  Behind,  this  raphe  is  continued  along  the  stt: 
palate  to  the  hase  of  the  uvula,  and  in  front  it  ends  in  a  slight  elevation,  the  incislTe  pad  «-t 
papilla  palatina.  From  the  anterior  end  of  the  raphe  a  series  of  transverse  ridges  of  munxi^ 
memhrane,  ahout  six  in  number,  run  outwards,  just  behind  the  incisor  teeth  ;  they  are  known  ■«* 
the  palatine  ruga,  and  are  composed  of  dense  fibrous  tissue.  Sometimes  a  small  pit,  which  ^ull 
admit  the  point  of  a  pin,  is  seen  on  each  side  immediately  behind  the  central  inciaor  t<«th,  and 
about  2  mm.  from  the  middle  line.  These  pits  correspond  to  the  lower  openings  of  Steiis^n  - 
canals,  with  which  they  are  occasionally  contmuous. 

The  soft  palate  (palatum  moUe,  or  velum  pendulum  palati,  Fig.  708)  is  a 
movable  valve-like  fold  which  runs  obliquely  downwards  and  backwards,  like  the 
"  tongue "  of  a  whistle,  across  the  cavity  of  the  pharynx  almost  as  far  as  its 
posterior  wall.  Whilst  it  is  attached  to  the  hard  palate  in  front,  and  blends  with 
the  pharyngeal  walls  laterally,  its  posterior  border  is  free,  and  between  it  and  tli»» 
posterior  wall  of  the  pharynx  is  left  a  valvular  passage — the  isthmus  of  the 
pharynx — through  which  the  naso-pharynx  and  the  oral  pharynx  communicate? 
with  one  another. 

The  soft  palate  is  composed  of  two  layers  of  mucous  membrane  between  which 
are  contained  the  palatine  muscles,  vessels,  nerves,  and  connective  tissue,  the 
aponeurosis  of  the  palate,  and,  in  addition,  a  very  large  number  of  racemose  gland^^ 
These  glands  are  arranged  in  a  thick  continuous  layer  on  the  inferior  surface  beneath 
the  mucous  membrane,  and  form  quite  one-half  of  the  mass  of  the  soft  paLit« 
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generally,  whilst  in  its  anterior  part,  where  miiBcular  fibres  are  wanting,  they 
constitute  almost  its  entire  thicknesa 

Its  upper  surface,  which  is  convex,  forms  a  continuation  backwards  and 
downwards  of  the  floor  of  the  aasal  fosB^  (Fig.  708),  and  is  covered  by  a  pro- 
longation of  the  nasal  mucous  mem- 
brane— ciliated  in  its  upper  half  or 
more.  The  under  surface  is  arched, 
and  prolongs  backwards  the  roof  of  the 
mouth,  towards  the  cavity  of  which  it 
looks.  In  front  the  soft  palate  is 
attached  to  the  posterior  edge  of  the 

hard  palate.     Zaterally  it  blends  with  * 

the  side  wall  of  the  pharynx  along  a 
very  oblique  line  as  it  ^opes  down- 
wards and  backwards  {Fig.  708).  Its  ^ 
poitvrior  margin  is  thin  and  free:  it 
presents  in  the  middle  line  an  elongated 
conical  projection,  the  nvnla  (Fig.  707), 
and  at  each  side  of  this  a  sharp  con- 
cave edge  arches  outwards,  and  passing 
downwards  and  slightly  backwards 
becomes  continuous  with  a  ridge  on 
the  side  wall  of  the  pharynx  termed 
the  posterior  palatine  arch  (posterior 
pillar  of  fauces).       From    the  under 

sorfaee  of  the  soft  palate,  7  or  8  mm.   y,u.  707.— Open  UorrB  sBowma  Palam  *nb  Tonsilh. 
further   forwards,  and   near  the   base  it  ai™  shows  the  two  pal»tine»n:he»,  and  th6pli«ryi,ge«i 

of   the    uvula,   spring    another    pair    of  uthmm  through  which  the  nuo-pharyiix  aboVB  com- 

ridges,  the     anterior    palatine    arches         niuiiii:ot«  with  the  oral  portion  of  th«  pharynx 

(anterior    pillars    of    fauces),    which 

pass  downwards  and  slightly  forward  to  the  sides  of  the  tongue  (Fig.  707). 

The  anterior  part  of  the  soft  palate  for  8  or  10  mm.  (J  iuch)  contains  practically  no 
muscular  fibres ;  it  ia  compoBed  of  the  palatine  aponeurosis,  covered  by  an  extremely 
tliick  layer  of  glands  on  tlie  under  surface  and  by  mucous  membrane  on  both  aurfaces. 
This  anterior  portion  is  much  less  movable  than  the  rest  of  the  soft  palate,  and  forms  a 
relatively  horizontal  continuation  backivards  of  the  hard  palate,  stretching  across  between 
the  two  internal  pterygoid  plates.  It  is  upon  this  portion  chiefly  that  the  tensor  palati 
acts.  The  posterior  and  larger  part  contains  muscular  fibres  in  abundance,  slopes  strongly 
downwards,  and  is  freely  movable,  being  the  portion  upon  which  the  remaining  palatine 
niuBcles  act 

The  palatine  aponeurosis,  which  ia  confined  to  the  anterior  part  of  the  soft  palate,  is  in 
the  form  of  a  thin  flat  sheet,  constituting,  as  it  were,  a  kind  of  common  tendon  for  the 
palatine  muscles  which  are  attached  to  (or  blended  with)  its  posterior  mai^in  ;  whilst  its 
anterior  margin  is  united  to  the  posterior  edge  of  the  palatal  processes  of  the  palate  bone. 
With  the  exception  of  the  aponeurosis  of  the  tensor  palati  which  pasaea  into  ita  lateral 
part,  the  muscles  do  not,  as  a  rule,  reach  further  forwanis  than  to  within  8  or  10  mm.  of 
the  posterior  edge  of  the  hard  pialate. 

The  uvula,  already  referred  to,  is  a  conical  projection,  very  variable  in  length,  which 
is  continued  downwards  and  backwards  from  the  middle  of  the  soft  palate.  It  is 
composed  chiefly  of  a  mass  of  mcemose  glands  and  connective  tissue  covered  by  mucous 
niembrane,  and  containing  a  slender  prolongation  of  the  asygoa  uvulie  muscle  in  ita 
upper  part 

The  macona  membrans  of  the  palate,  which  is  covered  by  stratified  squamous  epithelium,  ie 
firmer  and  more  closely  adherent  in  fron^  near  the  rugse,  than  behind,  near  the  soft  ]ialat«. 

Mucous  glandfi,  the  orificea  of  which  can  be  seen  as  dole  with  the  naked  eje,  are  extremely 
abundant  in  the  soft  palate,  and  in  the  posterior  half  of  the  hard  palate,  except  near  the  raph< 
They  are  wanting  in  the  anterior  part  of  th.       '  '       '        "'  '  '         •  ■    >    > 


wanting  in  the  anterior  part  of  the  palate,  where  the  mucoiia  membrane  is  particularly 


The  palatine  rng»  (which  correspond  to  more  strongly  developed  ridges  in  camivora,  etc)  are 

11  niaf^gj  ij,  (Jig  ciijy  at  birth,  although,  perhaps,  relatively  less  distinct  in  the  foetus  of 

[  months ;  in  old  age  they  become  more  or  less  obliterated  and  irregular.     At  birth, 
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also,  and  in  the  foetus,  the  incisive  pad  at  the  anterior  end  of  the  raphe  is  continued  over  tlif 
edge  of  the  gum  into  the  frenulum  of  the  upper  lip. 

The  vessels  of  the  palate  are  derived  from  the  posterior  palatine  artery,  which  iiuis  forvar^k 
on  the  hard  palate  close  to  the  alveolar  border,  and  from  the  ascending  palatine  branch  of  the 
facial,  which  accompanies  the  levator  palati  to  the  soft  palate. 

The  nerves — all  branches  of  Meckel's  ganglion — are:  the  large  posterior  palatine,  which 
descends  through  the  posterior  palatine  canal  and  runs  forward  on  the  hard  palate  with  the 
posterior  palatine  artery ;  the  naso-palatine,  which  passes  down  tlirough  the  foramen  of  ScaqKi 
and  reaches  the  front  of  tlie  hard  palate ;  and  the  snuul  posterior  and  accessory  posterior  palatine 
nerves,  which  run  through  the  accessory  palatine  canals  and  supply  the  soft  palate. 

Fauces  or  Isthmns  of  the  Fances  (isthmus  faucium). — This  is  the  aperture 
through  which  the  mouth  communicates  with  the  pharynx  (Fig.  707).  It  is 
bounded  at  the  sides  by  the  anterior  palatine  arches,  above  by  the  under  surface  of 
the  soft  palate,  and  below  by  the  dorsum  of  the  tongue ;  in  width  it  corresponds 
pretty  closely  to  the  cavum  oris. 

The  anterior  palatine  arches  (arcus  glosso-palatinus),  often  known  as  the  anterior 
pillars  of  the  fauces,  are  two  prominent  folds  of  mucous  membrane,  containing  tlie 
palato-glossus  muscles  in  their  interior,  which  bound  the  isthmus  of  the  fauces 
laterally  (Fig.  707).  Springing  above  from  the  under  surface  of  the  soft  palate,  a 
little  way  (about  8  mm.)  in  front  of  its  free  edge,  and  near  the  base  of  the  uvula, 
they  pass  downwards  and  slightly  forwards  to  join  the  tongue  a  little  iKihind  t\w. 
middle  of  its  lateral  border. 

The  posterior  palatine  arch  is  described  with  the  pharynx  (p.  1034). 

THE  TONGUE. 

The  tongue  (lingua)  is  a  large  mobile  mass  composed  chiefly  of  muscular 
tissue,  and  covered  by  mucous  membrane,  which  occupies  the  floor  of  the  mouth 
and  forma  the  anterior  wall  of  the  oral  pharynx  (Fig.  708). 

Whilst  the  sense  of  taste  resides  chiefly  in  its  modified  epithelium,  the  tongue 
is  also  an  important  organ  of  speech,  and,  in  addition,  it  assists  in  the  mastication 
and  deglutition  of  the  food — functions  which  it  is  well  fitted  to  perform,  owing  to 
its  muscular  structure  and  great  mobility.  In  length  it  measures,  when  at  rasi, 
about  three  and  a  half  inches,  but  both  its  length  and  width  are  constantly 
varying  with  every  change  in  the  condition  of  the  organ,  an  increase  in  length 
being  always  accompanied  by  a  diminution  in  width,  and  vice  versa. 

In  describing  the  tongue  we  distinguish  the  following  parts :  the  body  (corpus 
linguae),  made  up  chiefly  of  striped  muscle,  and  forming  the  mass  of  the  organ  ;  the 
dorsum  (Fig.  709),  which  looks  towards  the  palate  and  pharynx,  and  is  free  in  it> 
whole  extent;  the  base,  the  posterior  wide  end  which  is  attached  to  the  hyoid 
bone ;  the  apex  or  tip,  the  pointed  and  free  anterior  extremity ;  the  margin,  which  is 
free  in  its  anterior  half  or  more,  i.e.  in  front  of  the  attachment  of  the  anterior  palatine 
arch  (Fig.  709).  Finally,  the  unattached  portion  on  the  inferior  aspect,  seen  wheu 
the  apex  is  turned  strongly  upwards  (Fig.  712),  constitutes  the  inferior  surface ; 
whilst  the  attached  portion,  fixed  by  muscles  and  mucous  membrane  to  the  hyuiti 
bone  and  mandible,  is  known  as  the  root. 

The  dorsum  of  the  tongue  (dorsum  linguae),  when  the  organ  is  at  rest,  is 
strongly  arched  from  before  backwards  in  its  whole  length  (Fig.  708),  the  greatest 
convexity  corresponding  to  the  attachment  of  the  anterior  palatine  folds.  Wlieii 
removed  from  the  body  the  tongue,  unless  previously  hardened  in  dtu,  loses  it> 
natural  shape,  and  appears  as  a  flat,  elongated  oval  structure,  which  gives  a  vtTV 
erroneous  idea  of  its  true  form  and  connexions. 

The  dorsum  is  naturally  divided  into  two  areas — an  anterior  or  oral  part,  which 
lies  nearly  horizontally  on  the  floor  of  the  mouth,  and  constitutes  about  two-third^ 
of  the  length  of  the  whole  tongue  (Fig.  709);  and  a  posterior  ox  pharyngeal  part, 
the  remaining  third  of  the  organ,  which  is  placed  nearly  vertically,  and  forms  the 
anterior  wall  of  the  oral  pharynx  (Fig.  710).  The  separation  between  these  tw*> 
parts,  which  differ  in  appearance  as  well  as  in  direction,  is  indicated  by  a  distinct 
V-shaped  groove,  called  the  sulcus  terminalis  (Fig.  710),  the  apex  of  which  is 
directed  backwards,  and  corresponds  to  a  blind  depression  on  the  surface  of  the 
tongue,  the  foramen  cscum,  whilst  its  diverging  limbs  pass  outwards  and  forwanls 
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towards  the  atlachments  of  the  anterior  palatine  arches.  The  foramen  CEecum  is 
the  remains  of  a  tubular  down-growth  formed  early  in  embryonic  life,  in  the  region 
of  the  dorsum  of  the  tongue,  from  which  the  isthmus  of  the  thyroid  gland  is 
developed  (see  page  38). 

The  posterior  or  pharyngeal  portion  of  the  dorsum  lingfuse  (Fig.  708),  nearly 
vertical  in  direotion,  forms  the  greater  portion  of  the  anterior  wall  of  the  oral 
pharynx  (Fig.  710),     Its  surface  is  free  from  evident  papillse,  but  is  thickly  studded 


HWk 


D8.— .Saolttal  Sue 


with  rounded  projections,  each  presenting,  as  a  rule,  a  little  pit,  visible  to  the 
naked  eye,  at  its  centre ;  the  great  majority  of  these  are  lymphoid  follicles  (folliculi 
toiisillares  lingualea.  Fig.  713,  C)  similar  to  those  found  in  tht  tonsils;  some  few 
lire  said  to  be  mucous  glands;  all  are  covered  by  a  smooth  mucous  membrane, 
and  they  combine  to  give  to  this  region  a  characteristic  nodular  appearance. 

The  7nueiyus  membrane  of  this  portion  of  the  tongue  is  separated  fn)ni  the 
muscular  substance  by  a  submucous  layer  in  which  the  lymphoid  follicles  and 
the  mucous  glands  lie  embedded  (Fig.  708).  At  the  sides  it  is  continuous 
with  that  covering  the  tonsils  and  the  side  wall  of  the  pharynx  ;  whilst  behind 
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it  is  reflected  od  to  the  froot  of  the  epiglottis,  forming  io  the  middle  line  a 
promiaent  fold,  the  frennlom  epiglottidis  or  middle  glosso- epiglottic  fold  (jiUlh 
gloaso-epiglottica  media.  Fig.  709),  at  each  side  of  which  is  a  wide  depteasion, 
the  Tallecola. 

Two  lateral  glosBo-epiglottic  folds  have  been  described,  but  these  pass  from  the  I'irl? 
of  the  epiglottis,  uot  to  the  tougue,  but  upwards  aloug  the  wall  of  the  pharynx,  iipoii 
which  they  are  soou  lost ;  consequently  the  term  pharyngo^piglottic  is  more  applicalilo 
to  them. 

The  anterior  or  oral  portion  of  the  dorsum  linguee,  namely,  the  part  in  front 
of  the  sulcus  terminaliB  (Fig.  709),  is  convex,  both  from  before  Itackwards  and 

InWniilJuguUrTcIn    Hlpoglou*!  neiT" 
Spinal  iccvHOQ'  herv4»       |     |    Jntfimul  ctrotld  ■rtcrr 


Fru.  709.— Horn zimTAL  Sectcon  tbrouoh  Mouth  *ni>  Pharvhi  at  thb  Lbvbl  or  the  TnNsii,-. 

Thf  stylovharyiigeuH,  which  in  shown  immsdiatelj  lo  the  inner  side  of  Ihe  Biternnl  carotid  utfry,  »nil  Ibe 

pnvertFhrai  muBclei,  arc  not  indicated  by  raferenM  linea. 

from  side  to  side  in  the  resting  condition  of  the  organ  (Fig.  706).  It  usuallv 
presents  also  a  slight  median  depression,  along  the  centre  of  which  may  be  sivn 
some  indication  of  a  median  raphe  in  the  form  of  an  irregular  crease,  which  eud^ 
posteriorly  near  the  foramen  ceecum.  The  mucous  membrane  of  this  portion  "t 
the  dorsum  is  thickly  covered  with  the  prominent  and  numerous  papills  (papilLf 
linguales)  which  give  the  tongue  its  most  characteristic  appearance. 

On  the  pharyngeal  part  of  the  tongue  there  are  also  Bmall  papiUsry  proJKctions  of  iIk 
coriuni,  but  the  epitlielium  fills  up  all  the  intervals  between  the  papiUs,  and,  aa  it  were,  K'Vrl- 
off  the  surface,  so  that  none  are  visible  to  the  eye  as  projections  aoove  the  (.Ttieral  levpL  ih<r 
the  anterior  part  of  the  tongue,  on  the  conlmry,  the  projections  of  the  wrium  an'  Inrp'  ami 
prominent,  and  the  intervals  tetween  them,  while  tliey  are  covered,  yet  arr  not  fiUwi  up,  by  i'"' 
epithelium,  so  that  the  projections  stand  out  distinctly  and  independently,  and  in  place*  oUAi"  i 
height  of  nearly  2  nun.  above  the  general  surface. 
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Papilln  of  the  Tongue  (Fig.  *J09). — Theae  are  formed  by  variously-Bhaped 
projections  of  the  corium  of  the  mucous  membraae,  covered  by  thick  caps  of  epithe- 
lium. They  are  of  three  diSerent  varieties : — 1,  Conical  or  fihform  (papilla  conicie, 
p.    filiformeB); 

2,  Fungiform  ^^^ 
(papUlte     fungi-  "^^^^.^ 
tormeaetp.lenti-    '  .ntuiw 
cularee) ;     and    ' 

3,  C ire um vallate  \ 
(papillse  valla  t£e).    '' 

The  conicalor  '™'" 

fllifoim  papillte  """^ 

(Fig.     711)    are 
the  smallest  and 

most    numerous,  iriiiiiici« 

forming  as  they   r  te 

do  a  dense  crop  ■ 
of  minute  pro-  ■ 
jectioDB  all  over   ' 

the  anterior  two-  e  iic 

thirds  of  the  ^ 
dorsum,  and  also 

upon  the   upper  ""* 

part  of  the  mai^in 
and  tip,  of  the 

tongue.         POS-  mimlB 

teriorly     they 
are  arranged   in 

diveigent     rows  "  '"''* 

running     out- 
wards   and    for- 
wards  from   the  ' 
raphe,  parallel  to 

the  limbs  of  the  •""')' 

sulcus  terminalis.  ,„rvi- 

More  anteriorly,  tow 

the  rows  become 
nearly     trans- 
verse,  and   near  rm™^"* 
the  tip  irregular.  u,^ 
Each    papilla    is 
composed  of  a 
conical  projection 
of  the  corium, 
beset  with  micro- 
scopic papills        Fiu.  710.— Thi  Anterior  Wall  of  the  Pbarynx  with  its  Ohk-ices,  berk 
hke  those  of  the                                            ^^^^  beuiwd. 

skin  and  covered  '^*  "pecimen  from  which  the  drawiDg  was  niiuie  was  obtaineJ  from  a  fomialin-hanlenecl 
1  '    ii.-   1      I  boilv,  by  removing  the  posterior  wall  of  the  pharynx  wliile  leaving  the  nnterior 

by    a    thlCJl    long  „i,  undisturbed.      The  following  points  should  be  noted  :  the  greatest  width  of 

cap    of   stratified  the  pharym,  above,  at  the  lateral  recesHe*  ;  the  posterior  nare^  with  the  inferior 

squaninuset)ithe-  turbinated  bones  eeeD  throngb  them  ;   the  levator  onshiou  ; 

r^  ^  Dortioa  of  the  lOUEUe. 

hum. 


portion  of  the  lougue. 


Oft«n,  however,  the  cap  ot  epithelium  is  broken  up  itiM  eeveral  long  slender  hair-like 
processes,  giving  rise  to  the  variety  known  as  filiform  papillae.  The  cap  of  epithelium  is 
lieing  constantly  ahed  aud  renewed,  and  an  excessive  or  diminished  rate  of  shedding  or 
renewal,  coupled  with  the  presence  of  various  fungi,  gives  rise  to  the  several  varieties  of 
"  tongue  "  found  in  different  diseases. 

The  conical  and  filiform  papilla  are  probably  of  a  prehenaible  or  tactile  nature,  and 
ure  highly  developed,  and  horny,  i 
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The  fungiform  papilla  (Fig.  711)  are  lai^r  and  redder,  but  leea  DumerouB  than 

the  last  variety,  and  they  are  found  chiefly  near  the  tip  and  margiDB  of  the  tODgue. 

comparatively  few  being  present  over  the  dorsum  generally.     Each  is  in  shape  hke 

a  "  puff-ball "  fungus  (HalUbuitun), 

F-.ngiroti..p»piu.      8«>.nd.ty        consisting  of  an  enlai^ed  roundt'd 

head,    attached    by    a    somewbal 

narrower  baae.     Ab  in  the  case  of 

the    conical    papilla,    the    coriimi 

is  Htudded  over  with   microscopic 

papillse,  which   are  burled  in  the 

covering   of   squamous   epithelium 

E  and  do  not  appear  on  the  surface. 

Most  of  the  fungiform  papillai,  i1 

not  all,  appear  to  be  furnished  with 

taste-buds,  and  they  are  prohably 

Conical  mod  runKirorm  papillae,    xso.  intimately  Gonuected  wiih  the  sense 

of  taste. 

The    circnmTallate    papilla 

(Fig.   711),   much    the   largest  of 

c  all  the  papillae  of  the  tongue,  are 

confined  to  the  region  iminedialely 

c  in   front  of  the  sulcus  terminahs 

and  foramen  ciecum.   Usually  about 

ten  in  number,  they  are  arranged 

in  the  form  of  the  letter  V,  with 

the  apex  backwards,  just  in  from 

T.-:::;;—^-;:;^^--— ^-^»>E),^.^TTT7rrrT"-T7TrTTT~  ^f  ^nd  parallel  to  the  sulcus  ter- 

Aci«..m«ii.»p.piiu.    xH.  minalis.    One  or  two  of  the  papilla 

FiQ.  711.— Thb  Papill*  of  Tokqde.  are  usually  placed  at  the  apex  of 

The  upper  illustration  shows  conical  and  riiDgifomi  papilla,    the  V,  inunediately  anterior  to  tlie 

ibe  lower  1  d™,mvaiiai«  papiUii.     c,   Corium.  «.J   foramen  cawum.     In  appearand  a 

E,   Bpitheimm  of   tlie    mucous  ni¥ril>raaB.       The  wavy       .  ,,    ,  ...  '^^    ,  , 

dark  liofg  reprewut  arteries.  ciTcumvallate  papilla  resembles  very 

closely  the  impression  left  by  press- 
ing the  barrel  of  a  small  pen  on  soft  wax  (Fig.  710).  Each  is  composed  of  a 
cylindrical  central  part  (1  to  25  mm.  wide),  slightly  tapering  towards  its  l>a6e,  ami 
flattened  on  its  crown,  which  projects  a  little  above  the  general  surface  of  the  tongue. 
This  is  surrounded  by  a  deep,  narrow,  circular  trench  or  fossa,  the  outer  waU  nf 
which  is  known  as  the  vallnm.  The  vallum  appears  in  the  form  of  an  encirchn^' 
collar  very  slightly  raised  above  the  adjacent  surface  (Fig,  709). 

As  in  the  case  of  the  other  forms,  the  circumvallate  papillae  are  made  up  of  a 
central  mass  of  corium,  beset  with  numerous  microscopic  papilla  on  the  crownn. 
but  not  on  the  sides,  and  covered  over,  aa  are  the  surfaces  of  the  fossa  and  vallutu. 
by  stratified  squamous  epithelium.  Into  the  fossae  open  the  ducts  of  some  small 
aeroua  glands  (Fig.  711). 

On  the  aides  of  the  circum vallate  papilla,  as  well  as  upon  the  opposed  Burface 
of  the  vallum,  are  found,  in  considerable  numbers,  the  structures  known  as  t*«t«- 
buds,  the  special  end-organs  of  the  nerves  of  taste. 

The  apex  (apex  linguae),  and  the  marg^  (margo  lateralis)  of  the  tongue  in 
front  of  tlie  attachment  of  the  anterior  palatine  arch,  are  free,  and  lie  in  contact 
with  the  teeth  when  the  tongue  is  at  rest. 

On  tli«  upper  balf  or  more  of  ihe  margin  and  ape:t,  papilla  are  preseut  aa  on  the  dorsum ; 
but  on  the  lower  pari  lliey  are  absent,  ana  the  surface  ia  covervd  by  suioolli  iiimijua  nii'iiiliram-. 

JiiHt  in  front  of  the  auterior  palatine  arcL,  on  the  margin,  are  iiKUallj'  seen  abuut  6vt  or  'ti 
diHtintt  vertiisl  folds,  formiiifj  the  folia  lingua,  which  are  beMt  with  taste-buils,  anil  e<irri«i>i>ii'< 
to  a  well-defined  area  (tlie  papilla;  fi)liat(e}  on  the  side  >it  the  toiigUF  in  wriaiii  auiiual^  ;rj'il'ii, 
hare,  clc),  in  which  it  forms  an  inipirtant  part  of  the  organ  of  iJiste. 

The  inferior  surface  (facies  inferior)  of  the  tongue,  which  is  exposed  by  turning' 
the  apex  of  the  organ  upwards,  is  limited  in  extent  (Fig.  71-),  and  is  free  fn>iu 
visible  papilhe,  the  surface  being  covered  by  a  smooth  mucous  membrane.     Kunniog 
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along  ita  middle,  except  uear  tlie  tip,  ie  a  depresBion,  from  whicli  a  fold  of  mucous 

membrane,  the  franolom  lingiue,  passes  down  to  the  floor  of  the  mouth,  and  cd 

towards  the  back  of  the  mandible.     At  each  side  of  the  frenulum,  and  a  short 

distance  from  it,  the  large  ranine 

vein  is  distinctly  seen  through  the 

mucous  membrane.      Further  out 

still   are  situated    two   indistinct, 

fringed  folds  of  mucous  membrane, 

the  plica  flmbrutn,  which  converge  "" 

somewhat    as    they   are    followed 

forward  towards  the  tip,  near  which     | 

they  are  lost. 

Frijm   the  inferior  surface  of 
the  tongue  the  mucous  membrane  '^  "' 

passes  across  the  floor  of  the  mouth 

to  the  inner  surface  of  the  gum,  "EJLnd"' 

with  the  mucous  covering  of  which  .m^ 

it  becomes  continuous. 

The  plica  fimbriatteoorr^ajtond  pretty 
dusely  to  the  courseof  the  ranine  arteries 

as  they  run  towardn  the  tip  ;  tlie  arteries,  lugiiie 

however,  are  deeply  placed  in  the  sub- 
stance of  the  tongue,  at  a  distance  of  3  *''"' 
Xo  6  mm.  from  the  inferior  surface.     The  r 
pile*,  which  are  more  dietinct  at  birth  ^"''^ 
ami  in  the  ftetus,  are  said  to  correspond  ulimd 
to  the  under  tongue  found  in  the  lemurs. 

The  root  of  the  tongue  (radis  ,gu^i,, 

lincuje)    is    the    portion    of    the  iff"'., 

mfenor  aspect  which  is  connected 
by  muscles  and  mucous  membrane 
to  the  mandible  and  hyoid  bone. 
It  is  of  very  considerable  extent, 
and  is,  with  the  base,  the  most 
fixed  part  of  the  organ.  It  is  also 
the  situation  at  which  the  vessels 
and  nerves  as  well  as  the  extrinsic 
muscles  enter. 

Structure  of  the  Tongue. — The  tongue  La  chiefly  composed  of  striped  muscular 
tissue,  in  coimeiiou  with  which  are  found  a  considerable  admi^itiire  of  fine  fat  aud  a 
median  septum  of  conuective  tissue  occupying  the  centra)  part  of  the  organ.  In  addition, 
there  are  vessels,  nerves,  glands,  and  lymphoid  tissue,  the  whole  beiug  covered  over  by 
mucous  membrane,  except  at  the  root  (Fig.  713). 

The  muscular  tissue  is  derived  partly  from  the  terminatioDs  of  the  extrinsic  muscles 
— namely,  the  hyogloasiis,  styloglossus,  genioglossus,  palatoglossus,  and  cbondroglossus ; 
but  also  largely  frooj  the  intrinsic  muscles — namely,  the  superior  lingualis,  inferior 
liogualia,  the  transverse,  aud  the  vertical  lingual  nmacles.  These  are  so  arranged  that 
they  form  a  cortical  portion,  made  up  chiefly  of  longitudinal  Ghrea — derived  above  from 
the  superior  lingualis  and  the  hyogloaaua,  at  the  sides  from  the  styloglossus,  and  below 
from  the  inferior  lingualis.  This  cortex  surrounds  a  central  or  raedoUary  portion,  divided 
into  two  lateral  halves  by  the  septum,  and  formed  in  great  part  by  the  transverse  and 
vertical  fibres,  and  also  by  the  fibres  of  the  genioglossi  ascending  to  the  dorsum.  The 
muscular  fibres  derived  from  these  various  sources  end  by  being  inserted  into  the  deep 
surface  of  the  mucous  membrane. 

The  detailed  description  of  the  extrinsic  and  intrinsic  muscles  will  be  Found  on 
page  414. 

The  septum  is  a  median  fibrous  partition  found  in  the  medullary  portion  only,  and 
easily  exposed  by  separating  the  two  genioglossi  on  the  under  surface  of  the  tongue. 
Auteriwly  it  usually  extends  to  the  apex  ;  whilst  posteriorly  it  grows  gradually  narrower, 
aud  expanding  transversely  at  the  aame  time,  it  passes  into  a  broad  sheet  (the  hyoglossal 
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membrane)  which  is  united  to  the  upper  border  of  the  hyoid  bone,  fttid  gives  attachment 
to  the  posterior  fibres  of  the  geniogloesus.  From  the  sides  of  the  septum  the  truisverse 
fibres  of  the  tongue  arise. 

The  mncona  membrane  on  the  anterior  two-thirds  of  the  dorsum,  and  on  the  tree 
margins,  is  firm  and  closely  adherent  to  the  underlying  muscular  substance,  the  fihm 
of  wbich  are  inserted  into  it.  On  the  posterior  third  of  the  dorsum,  and  on  the  iofcrior 
surface,  it  is  neither  so  firm  nor  so  closely  united  to  the  muscular  subetance,  from  which 
it  is  separated  in  both  of  these  situations  by  a  layer  of  submucous  ^saue. 

The  mucous  membrane  of  the  tongue,  like  that  of  the  rest  of  the  mouth,  is  covcreii 
by  stratified  squamous  epithelium. 

Qlands  of  the  Tongue.— Numerous  small  racemoee  glands  are  found  scattered  benealh  tin- 
inucous  membrane  of  the  post«rior  third  of  the  tongue ;  and  a  small  collection  of  similar  gUnds 
is  present  at  the  margin,  opposite  the  eircumvallate  papillae.  Small  serous  glnnda  are  sW 
foimd  embedded  in  the  dorsum  near  the  circumvallate  papillie,  into  the  foasa-  of  which  ihi^it 
ducts  open  (Fig.  711). 

The  chief  collections  of  glandular  tissue  in  the  tongue,  however,  are  found  embedded  in  tL<> 
nniBcle  of  the  under  surface,  a  little  way  behind  the  apex,  on  each  side  of  the  middle  line  (Fig. 
7121l     They  are  known  an  the  apical  glands  (glandule  lingualee  anteriores  of  Niihn  or  BUn'lin). 

ThoRe  apical  glands  are  displayed  by  removing  the  nmcous  membrane  and  also  a  lavrr  uf 

^™"J1™        ^'Hi^^  ILngralis  HbTM  Kpltheliuin     l.vinpholil  li..or 


muscular  filires  (derived  from  the  united  inferior  lingualia  and  BtylogloBsue)  about  2  iniii.  m 
thickness  from  the  tmder  surface  of  the  tonme  a  little  distance  behind  the  apei.  They  are  oval  m 
nhape,  often  partly  broken  up  by  muscular  nbres,  and  they  measure  from  J  to  }  in.  (IS  to  19  nim 
in  length.  They  are  mixed  serous  and  mucous  glands,  and  they  open  by  three  or  four  vf-Ti 
small  auct^  on  the  inferior  surface  of  the  tongue. 

Vessels. —The  chief  artery  is  the  lingnaL  This  vessel  passea  forwaids  on  each  side  bcn.aih 
the  hyoglopaiiB  muscle,  and  then  is  continued  on  to  the  apex — between  the  geniogloasua  on  llir 
inner  side  and  the  inferior  lingiialis  externally— under  the  name  of  the  raninc  artery.  Anteriurlv 
it  is  covei-wl  by  the  fibiijs  of  the  inferior  lingualis,  and  lies  J  to  J  inch  from  the  surface.  Ni-«r 
the  apei  the  arteries  of  opposite  sides  are  connected  by  a  branch  which  pierces  the  septum,  but 
otherwiae,  with  the  exception  of  capillary  anaetomcais,  they  do  not  communicate.  The  donalu 
liBgun  brancb  of  the  lingual  is  distributed  to  the  pharyngeal  part  of  the  tongue,  whikt  srnii- 
twigs  of  the  tonaiUar  brancli  of  the  facial  are  also  distributed  in  the  same  r^<Hi. 

The  veini  are  :  the  ranine,  the  chief  vein,  wliioh  lies  beneath  the  mucous  membrane  at  lir- 
fide  of  the  frenum,  and  runs  l>ackwards  over  the  hyoglossus  muscle  with  the  hyporioaaal  nenr: 
two  veute  comi tat,  which  accompany  the  lingual  artery  ;  and  a  donalit  UnsuBTeis  nom  the  Iw-k 
of  the  longue.     The,pe  either  unite  and  form  a  common  trunk,  or  open  separately  into  the  internal 

Nerree.— The  nerves  which  supply  the  tongue  are :  (1)  The  hypogloanl,  tiie  motor  nerve  of 
the  tongue,  which  enters  the  geniogluseus  and  passes  up  in  its  sulwtance  to  the  intrinsic  roOK'lci, 
in  which  it  ends,  (2)  The  hnsiull,  a  branch  of  the  inferior  maxillary  nerve,  which  is  tixvai- 
panied  by  the  chorda  tympani  brancb  of  the  facial  The  linpual,  after  croasing  thr  hyqgW"* 
muscle,  breaks  up  and  enters  the  interior  lingualis  and  geniogloeeue,  and  thus  makes  't»^Y, 
upwards  to  the  mucous  membrane  of  the  anterior  two-thirds  of  the  tongue — the  lingual  ilwii 
conferring  common  sensation  on  this  part,  the  chorda  tympani  probably  carrying  to  it  ta*i< 
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fibres.  (3)  The  glossopharyngeal  nerve  passes  forwards  beneath  the  upper  part  of  the  hyoglossus, 
and  sends  its  terminal  branches  to  the  mucous  membrane  of  the  posterior  third  of  the  tongue, 
supplying  the  circumvallate  papillae,  and  the  part  of  the  tongue  behind  these,  with  both  gustatory 
and  common  sensory  fibres.  (4;  The  internal  laiyngeal  neire  also  distributes  a  few  fibres  to  the 
poiterior  part  of  the  base  of  the  tongue,  near  the  epiglottis. 

The  lymphatics  of  the  anterior  half  of  the  tongue  pass  down  through  the  floor  of  the  mouth 
and  join  the  snbmanllary  lymphatic  glands.  Those  from  the  posterior  half  run  with  the  ranine 
vein  across  the  hyoglossus  muscle  (where  they  are  connected  with  some  small  lingual  glands)  and 
join  tlie  deep  cervical  glands. 

GLANDS. 

Various  organs,  differing  widely  both  in  structure  and  function,  are  commonly 
included  under  the  general  term  glands.  It  is  made  to  embrace :  (a)  the  glands 
tinth  ducts,  such  as  the  digestive  glands  (liver,  pancreas,  salivary  glands,  etc.),  the 
sweat  and  sebaceous  glands  of  the  skin,  the  testes,  etc.,  and  the  small  glands 
embedded  in  the  walls  of  the  digestive  and  respiratory  tracts;  (b)  the  so-called 
ductless  glands  (spleen,  thyroid,  suprarenals,  etc.),  which  possess  no  ducts,  but 
throw  their  secretions  into  the  blood  or  lymph  passing  through  them.  We  shall 
here  consider  only  the  true  glands — namely,  those  included  in  the  first  group 
mentioned  above,  which  are  all  characterised  by  the  possession  of  ducts ;  and  what 
follows  refers  to  them  alone. 

A  gland  may  be  defined  as  an  epithelial  oi;gan  which  separates  or  elaborates  from  the  blood 
some  substance  which  is  either  to  be  dischargea  from  the  body  or  used  further  in  the  economy. 
The  product  of  the  activity  of  the  gland  is  known  as  its  secretion,  and  the  secretion  is  conveyed 
to  its  destination  in  all  true  glands,  as  explained  above,  by  the  gland  duct 

Every  gland  is  primarily  an  outgrowtn  of  the  epithelium  from  the  surface  to  which  the  secre- 
tion of  the  gland  is  to  be  subsequently  conveyed.  This  outgrowth  may  remain  undivided,  con- 
stituting a  simple  gland.  On  the  other  hand,  it  may  break  up  into  two  or  more  branches,  giving 
rise  to  a  compound  gland.  We  thus  arrive  at  the  two  great  classes  of  glands — simple  ana 
comnound. 

A  simple  gland  may  remain  tubular,  when  it  is  known  as  a  simple  tubular  gland,  of  which 
Lieberkiihn's  foUicles  in  the  wall  of  the  small  intestine  and  the  sweat  glands  are  examples.  Or 
it  may  be  dilated  at  its  extremity,  the  enlargement  being  known  as  an  acinus  (dxtyot,  a  grape  or 
grape -stone)  or  alveolus,  thus  constituting  a  simple  acinous  or  alveolar  gland,  of  which  there  are 
IV w  examples  in  man  (viz.  some  sebaceous  glands),  though  they  are  numerous  in  the  skin  of  the 
frog,  etc.     This  gives  us  two  varieties  of  simple  glands — tubular  and  acinous  or  alveolar. 

Similarly  a  compound  gland  may  remain  tubular,  constituting  a  compound  tubular  gland,  such 
n.s  the  kidney,  testicle,  and  the  majority  of  the  gastric  glands.  Or,  on  the  other  hand,  the 
terminal  branches  of  its  ducts  may  be  beset  with  ailatations  (%.e,  acini  or  alveoli),  giving  rise  to 
a  compound  acinous  or  alveolar  gland,  which  latter,  owing  to  a  remote  resemblance  presented  by 
itM  chistering  lobules  to  a  miniature  bunch  of  grapes,  is  often  known  as  a  ra^em^se  gland  (racemus,  a 
cluster).  Most  of  the  glands  of  the  body  are  examples  of  this  variety — e,g.  the  salivary  glands,  the 
small  glands  of  the  mouth,  tongue,  pharynx,  oesophagus,  respiratory  passages,  eyelids,  etc  Thus 
we  arrive  at  two  varieties  of  compound  glands  also — tubular  and  acinous  or  alveolar. 

A  compound  acinous  (racemose)  gland  is  composed  of  a  main  duct  which  branches  and 
re-branches  more  or  less  freely  accoiding  to  the  size  of  the  gland,  and  the  terminal  divisions  of 
which  end  finallv  in  specialised  secreting  parts,  the  acini  or  alveoli,  quite  distinguishable  from 
the  ducts  or  conducting  parts.  In  true  acinous  glands  the  acini  or  alveoli  are  distinctly  saccular ; 
in  other  glands,  such  as  the  pancreas,  this  is  not  the  case,  the  acini  being  long  and  narrow. 
Accord in^lv,  the  term  acino-tv^bular  has  been  introduced  and  applied  to  glands  of  this  latter 
type,  which  is  usually  made  to  include  the  pancreas,  the  prostate,  and  Brunner's  glands.  ^ 

It  should  be  added  that  the  term  acino- tubular  is  by  some  authors  used  exclusively  instead 
of  acinous  for  all  racemose  glands. 

There  is  one  gland,  however,  which  cannot  be  included  in  any  of  the  above  varieties,  and 
which  must  be  placed  in  a  class  by  itself.  This  is  the  liver.  It  is  composed  of  an  enormous 
number  of  small  secreting  lobules,  between  which  run  the  branches  of  tne  bile-duct  These 
lobules  in  the  mammalian  liver  cannot  in  any  wav  be  compared  to  acini,  or  to  collections  of  acini, 
as  their  cells  are  not  arranged  around  a  central  lumen,  but  form  a  practically  solid  mass,  with 
minute  bile  capillaries  running  everywhere  between  them.  It  might  in  mammals,  for  want  of  a 
1  Hotter  term,  be  classed  as  a  soltd  gland. 

The  foregoing  may  be  summarised  in  tabular  form  thus : — 

I.  Simple  glands.— Duct  undivided. 

(a)  Simple  tabular.  — Undilated  at  end — €,g,  Lieberkiihn's  follicles,  sweat,  and  many  gastric 

glands. 

(b)  Simple  acinous  (alveolar  or  saccular). — Dilated  at  end — e,g,  some  sebaceous  glands  (raie) 

^  Some  authorities  consider  the  glands  of  Brunner  to  belong  to  the  cXdfiS  of  compound  tubular  glands 
(Ueidenhain,  Watney,  Jonnesco,  etc.). 
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II.  Compound  glands.— Duct  divided. 
(ii)  Compoimd  tubnUr.— Brandt e<l   eIoDgat«d   tubes,  no  auiiii— ^ij.  teettw,  kidney,  hiifi 
gastric  glands. 

(b)  Compoona  acinous  or  alveolar  (raceniate  glands),  brancLed  duct  with  sarcular  aiiui  ou 

terminal  brancheii^e.^.  salivary,  sebaceous,  and  Mpibomian  glaods ;  the  mucous  gUiidc 
of  the  mouth,  t^mgiie,  palatu,  pharynx,  nose,  cesophagus,  and  rcspiratorv  tube. 

(c)  Acino-tabnlar. — Branched  duct«  with  eloiigaited  iiarrow  acini  on  tvrmiDal  bTaDchtx  —  r.i;. 

pancreoa,  Brunner's  glands,  prostate. 

III.  SoUd  glaad— The  liver. 

To  save  confusion  it  may  be  pointed  out  that  instead  of  acinuH  tlie  term  alveolus  (aud  al^i 
saccule  and  folliilv)  is  oft^u  uscil,  and  abio  that  the  l«rni  "racemose  gland  "  is  often  convvDitciilr 
uaed  instead  of  compound  aciuoiia  gland. 

General  Structure  of  Glands.— Whilst  the  small  glands,  such  as  those  of  iln; 
uiouth  aud  pharynx,  are  placed  iu  the  mucosa  or  submucosa  immediately  beneath  the 
point  at  which  tjieir  ducts  open  on  the  surface,  the  large  glands  form  diittinct  m^sset, 
generally  surrounded  by  special  capsules,  and  often  lie  at  a  considerable  distance  from  tlit- 
points  at  which  their  ducts  open. 

One  of  these  large  glands  of  the  acinous  type,  such  ae  the  parotid  or  submaxillaTr, 
presents  the  following  general  arrangement.  The  gland  is  made  up,  as  can  be  set'n  wilb 
the  unaided  eye,  of  a  mimber  of  masses,  often  aa  large  as  peas,  which  are  surrounded  and 
held  t^^tVier  by  connective  tissue.  These  are  known  as  lobes,  and  to  each  a  branch  of 
the  duct  passes.  The  lobes  are  in  turn  made  up  of  a  number  of  smaller  masses — lobuli". 
— each  having  a  special  branch  of  the  lobar  duct.  These  again  are  composed  of  smaller 
lobules,  and  so  on  to  a  varying  degree.  Finally,  the  smallest  are  made  up  of  a  termiiiul 
branch  of  the  duct,  with  a  cluster  of  acini  or  alveoli  developed  upon  it. 

The  acini  or  alveoli,  the  special  secreting  portions  of  the  gland,  are  composed  of  i 
basement  membrane,  often  fenestrat«d  or  basket-like,  formed  of  flattened  cells,  on  \hi 
out«r  side  of  which  the  blood  and  lymph  vessels  He.  The  inner  surface  of  this  membraiif 
is  lined  by  the  secreting  epithelial  cells,  usually  polygonal  in  shape,  wfatch  almost  coiu 
pletely  fill  the  alveolus.     A  small  Inmen,  however,  is  left,  into  which  the  secretion  ot  tin- 

cells  is  shed,  wliencv  ii 
Biiuii^t^fnihun  sivwiuB  passes  into  the  duet  "I 

the  lobule,  and  thus  i^i 
the  main  duct 

Theblood-veswUaii'i 
lymphatics,  on  entehii.; 
the  gland,  break  up  an<l 
run,  branching  as  t1i«} 
go,  in  the  connect  ivi- 
tissue  which  convev- 
them  to  all  parts  of  ihc 

UuGOos  and  Seroo 

OlandB.— Two  distinci 

varieties  of  saliviiri 

glands  are    found,   tin 

serous  and  the  mucous 

liiaDuui  difTering  not  only  in  tin- 

„iti,  ,p|.|,.tii,^  cell  •""'■  nature  of  their  setretinii, 

.,  but  also  in  the  charwicr 

„      -, ,     „  c  ^  „  of  the  epithelium  liuirii; 

Fth.  714.— Beition  ok  *  Sekoiib  Gland  on  the  i.Kn,  a  Mi'codh  Glakd  ,,    -       i       i-       .     .1. 

OS  THE  KK.HT  STBE  (B..Im„  and  v.  Davidnfl).  their  alveoli.      In  th.«- 

In  the  wroiis  gland  llie  graoular  secreting  cells  and  the  cenlrally-jil  need  uucleu"  /f.         -■  ,.    '',  ■•.. 

shoQld  bi-  noted.     The  relntively  clear  cells,  with  the  dirk  cresceuti  of  V'^'B-     "■*'    *"*   epiIDC^ 

Gmniizii.  nre  distinctive  in  the  mucons  gisnd.  Ital  cells  are  large,  clear, 

or  faintly  granular,  hihI 
the  nucleus  lies  as  a  rule  near  the  base  of  the  cell.  In  addition,  many  nnicous  glaudis 
but  not  all,  have  small  flattened  or  crcsccntic  cells,  distinctly  granular,  which  stain  stronfilv 
with  ordiuary  stains,  lying  between  the  basement  membrane  and  the  bases  of  the  chief 
cells.     These  are  the  cretcentx  or  demituntt  of  Gianuzzi. 

In  the  acini  or  alveoli  of  serous  glands,  on  the  other  hand  (F'ig.  714),  the  epitljelial 
cells  are  di.stinctly  granular,  the  grannies  staining  well  with  ordinary  stains ;  the  rucli'i 
are  rounded  and  lie  near  the  centre  of  the  cells,  and  no  demilunes  are  present. 

In  man  the  parotid  and  the  small  glands  which  open  into  the  fosss  of  the  ciivum 
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raiktc  papillte  aloue  are  teroui.  Tbe  Bubmaxillary  and  the  apical  gland  of  the  tongue 
aie  raixfl,  the  serouB  alveoti  being  the  more  Dumeroua ;  whilst  the  eubliiigual,  labial, 
buccal,  and  all  other  glands  of  the  month,  tongne,  and  palate  are  said  to  be  mucouj. 

Salivary  Glands. 

This  term  is  generally  understood  to  include  only  the  three  large  masses  of 
glandular  tisane  found  on  each  side  of  the  face — namely,  the  parotid,  submaxillary, 
and  sublingual  glands.     Bnt,  a3  previously  pointed  out,  numerous  other  small  glands 


Fi-:.  715.~HiimmNTAr,  Hktidn  thbohuh  Mocth  and  Pbabvnx  at  thb  Uvti.  ay  thk  Tonsils. 

The  BtylophnTngeus,  whitli  is  sliown  uiimeiliat«ly  to  tbe  inner  aida  ot  the  eitemal  carotid  artery,  and  the 

pr«verte1iral  munckii,  are  not  iniUeated  by  lefmatm  linen. 

nf  a  similar  nature  are  found  in  the  lips,  cheeks,  palate,  tongue,  etc.     These  have 
already  been  Buffiuiently  described,  and  require  no  further  mention. 

Parotid  Gland  (gkndula  parotis).— This,  the  largest  of  the  salivary  glands,  is 
a  distinctly  lobulated  mass  nf  a  yellowish  or  light  reddish-brown  colour,  which  is 
placed  in  a  deep  rece.ss  (the  parotid  recess)  at  the  side  of  the  head,  below  and  in 
front  of  the  ear  (Fig.  716).  It  extends  up  to  the  zygoma,  down  to  the  angle  of 
the  jaw  or  even  to  a  lower  level,  and  backwards  to  the  stemo-mastoid  miiacle. 
Internally  it  lies  on  the  styloid  process,  and  anteriorly  its  facial  process  is  continued 
for  a  variable  distance  over  the  surface  of  the  masseter. 

When  the  gland  is  carefully  removed  without  disturbing  the  surrounding  parts,  the 
reccM  which  it  occupiea  is  seen  to  be  a  considerable  space,  between  the  ramus  of 
the  jaw  in  front  and  tbe  stemo-mastoid  muscle  behind,  with  a  floor  formed  of  two 
sloping  walls,  an  anterior  and  a  posterior,  which  meet  at  an  angle  corresponding  pretty 
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closely  to  the  styloid  process.  Thus  the  receas  is  three-sided  (Fig.  715),  the  thin) 
side  corresponding  to  the  parotid  fascia  coveriDg  the  gland.  Into  this  parotid  Ttau  the 
greater  part  of  the  parotid  gland  fits  closely.  From  its  anterior  part,  however,  ike 
variably-developed  fodal  process  is  continued  forward  over  the  masseter  muscle. 

Paiotid  Fascia. — The  parotid  receas  is  covered  over  on  the  one  hand,  and  lined  <m  rhe 
other,  by  fascia.  The  covering  layer  ia  specially  known  as  the  parotid  fascia,  and  both  jl 
and  the  lining  layer  are  derived  from  the  deep  cervical  fascia,  which  divides  beloir  to 
enclose  the  gland.  The  parotid  fascia  proper  is  connected  above  to  the  zygoma  ;  behind,  to 
the  auditory  meatus  and  anterior  border  of  the  atemo-mastoid  ;  below,  it  is  continuous 
with  the  deep  cervical  fascia,  and  in  front  it  passes  forvrards  over  the  massetcr,  and  blemls 
with  the  fascia  of  that  muscle.  The  layer  of  fascia  beneath  the  gland  forms  a  lining  for 
the  recess,  and  is  united  above  to  the  perioateum  over  the  auditory  meatos  aud  bacli 
part  of  the  glenoid  fossa ;  internally  it  ia  connected  to  the  styloid  process  ;  whilst  below  il 

joins  the  deep  cervicfil 
fascia.  Taken  together. 
the  two  layers  fomi  h 
definite  capsule  which 
completely  encloses  the 
gland.  In  connexion 
with  the  lower  st»l 
anterior  part  of  tlii- 
capsule  is  developc<l  » 
special'  flat  baud,  tlio 
stylo-mandibolar  ligs^ 
ment,  which  panser 
downwards     and    ouv 

**^""°'^''°'  process  to  the  angle  ^i 

Flrotldglud  jljg   j^„_       It   gepa^t^ 

the  anterior  pari  of  tbt 
parotid  gland  from  ilii 
back    of    the    intertul 
DeepiirocMof  pterygoid  muscle;  pir 

'HyiohrniYiimMie  haps  occasionally,  al^' 

8„bn»dlU^K'tai  ^""°    .*'>«      "PP*^  "!'■ 

Low,rbord«rof  posWnor    part    of  li.. 

mindihic  Submaxillary  gland, 

MflQhJoicl  inu«lB  _,  ,    «  . 

A-frtorwirot  ,       Shape   and  Beta- 

digutrtc  ■•rf)  tions  of  the  Parotid 

^'""'""'"'  Gland.  — Like    (h; 

recess    in    which   i: 
lies,   the    main   nia^ 
of  the  parotid  gUmi 
■n.       .       _.■      ,.^  ui    ..^        J.,.,  L    I  .  .is    three-sided  (Fij 

The  greater  portion  of  tliB  body  of  tie  mandible  hu  been  removed  to  expose  the  K.^y          .  .            th 

BUbliogUBl  and  Hie  deeper  p«rt<  of  the  sabmoiillary  gUnds,     Foiir  dacls  of  ''■")•        ''^^        ttlTt'- 

the  sublingual  glanil  are  shown  opening  on  the  floor  of  the  month  over  the  SUrfaCeS  heiQg  SUper- 

gland,  a  fifth  is  >hown  opeuing  into  tho  anterior  end  of  Wharton'e  duct.  QqioI      anterior      aili'- 

Tho  course  of  Wharton's  duet  in  shown  by  a  dotUd  line.  .  '  .                      ' 

poetenor. 
The  mperficial  surface  is  closely  covered  by  the  parotid  fascia,  and  its  li^wer 
part  is  also  crossed  by  the  highest  fibres  of  the  plutysmo.  The  anterior  surfnc 
approximately  Hat,  hes  in  contact  with  the  wide  posterior  surface  of  the  in- 
ternal pterygoid  muscle ;  it  is  also  related  to  the  posterior  border  of  the  mandilile 
and  the  masseter  muscle,  whilst  from  its  superficial  part  the  &cUl  pn>e«n  i^ 
continued  forwards  over  that  muscle.  The  posterior  surface  lies  from  without 
inwards  against  (1)  the  anterior  border  of  the  stemo-maetoid  and  the  auditory 
meatus,  (2)  the  posterior  belly  of  tlie  digastric  and  the  occipital  artery,  and  ';•;  lliv 
spinal  accessory  nerve  and  carotid  sheath — the  internal  jugular  vein  within  ihr' 
sheath  being  in  very  close  relation.  The  inner  angle  formed  by  the  meetins; 
of  the  anterior  and  posterior  surfaces  corresponds  to  the  styloid  process  and  ili'' 
styloid  muscles  (Fig.  715).  Above,  the  gland  is  Umited  superficially  by  tin- 
zygoma;  more  deeply  a  thin  process  runs  up  into  the  posterior  part  of  the  glenoid 


Flu.  71S.— Thb  Sauvabt  Olakds  and  tbeik  Ducra. 
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fossa.  Inferiorly  it  usually  reaches  a  little  distance  below  a  line  prolonged  hori- 
zontally backwards  from  the  angle  of  the  jaw,  but  its  limit  in  this  direction  is 
variable. 

Occasionally  the  parotid  ^land  passes  down  a  considerable  distance  below  the  angle  of  the 
mandible,  lying  here  superficial  to  the  posterior  part  of  the  submaxillary  gland,  from  which  it 
ut  seiiarated  by  a  thickened  band  of  the  deej)  cervical  fascia,  passing  from  the  angle  of  the  jaw  to 
the  tascia  of  the  sterno-mastoid.    At  other  times  it  does  not  quite  reach  the  angle. 

The  facial  process  of  the  gland — often  of  considerable  size — is  a  flat  and  some- 
what triangular  portion  which  runs  forwards  from  the  upper  part  of  the  gland,  and 
overlaps  the  masseter  muscle  to  a  varying  extent;  from  its  most  anterior  part 
the  parotid  duct  emerges,  and  a  separated  portion  of  this  process,  often  found  lying 
immediately  above  the  duct,  is  known  as  the  socia  parotidis  (glandula  parotis 
acceasoria). 

Traversing  the  substance  of  the  gland  (Fig.  715)  are  found : — (1)  the  temporo- 
maxillary  vein ;  (2)  on  a  deeper  plane,  the  branches  of  the  facial  nerve  passing 
forwards;  and  (3)  more  deeply  still,  the  external  carotid  artery  which  lies  beneath 
the  lower  part  of  the  gland,  but  is  embedded  in  its  deep  surface  above.  Just 
before  it  emerges,  the  artery  divides  into  its  two  terminal  branches  in  the  gland 
substance. 

The  parotid  or  Stenson's  duot  (ductus  parotideus)  leaves  the  anterior  border 
of  the  gland  at  its  most  prominent  part  (Fig.  716).  It  first  runs  forwards  across 
the  masseter,  usually  accompanied  by  the  socia  parotidis  which  lies  above  it, 
and  also  by  branches  of  the  facial  nerve;  whilst  the  transverse  facial  artery 
is  commonly  some  distance  above,  though  its  relation  is  variable.  Having  crossed 
the  masseter,  it  turns  abruptly  round  the  anterior  border  of  this  muscle  and  runs 
inwards  through  the  fat  of  the  cheek,  practically  at  right  angles  to  the  first  part  of 
its  course,  to  reach  the  buccinator,  which  it  pierces.  Then  passing  for  some  distance 
(5  to  10  mm.)  between  the  buccinator  and  mucous  membrane,  it  opens  into  the 
vestibule  of  the  mouth  by  a  very  small  orifice,  on  a  variably-developed  papilla, 
opposite  the  crown  of  the  second  upper  molar  tooth. 

The  course  of  the  duct,  which  is  fairly  constant,  can  be  marked  on  the  side  of 
the  face  by  drawing  a  line  from  the  lower  edge  of  the  auditory  meatus  to  a  point 
midway  between  the  ala  of  the  nose  and  the  red  of  the  lip;  the  middle  third 
of  this  line  corresponds  fairly  accurately  on  the  surface,  to  the  course  pursued 
by  the  duct. 

The  gland  varies  in  weight  from  half  an  ounce  to  an  ounce  or  more.  Several  small  lobes  or 
processes  are  found  in  connexion  with  it — viz.  one  running  backwards  between  the  stemo-mastoid 
and  the  di^stric ;  a  glenoid  lobe  of  very  small  size,  which  lies  in  the  posterior  part  of  the 
glenoid  cavity ;  a  pharyngeal  process  (Fig.  716),  which  runs  forwards  and  inwards  between  the 
styloid  process  and  the  external  carotid  artery  towards  the  pharynx.  A  pterygoid  extension 
running  forwards  between  the  two  pterygoid  muscles,  although  described,  cannot  properly  be  said 
to  exist. 

Stenson's  duct  measures  from  1|  to  2^  inches  (38  to  62  mm.)  in  length,  and  \  inch  (3  to  4  mm.) 
iu  diameter.  The  caUbre  of  the  auct  is  very  much  greater  than  that  of  its  orifice,  which  only 
admits  a  fine  bristle,  and  for  this  reason  the  duct  may,  to  some  extent,  be  looked  upon  as  a 
reservoir  for  the  saliva,  as  well  as  a  duct  for  its  conveyance.  In  the  child  it  pierces  the  "  sucking 
pad  "  on  it«  way  to  the  mouth. 

VesBels  and  Nenres. — The  arteries  which  supply  the  gland  arise  from  the  external  carotid, 
and  from  the  branches  of  this  artery  in  relation  to  the  gland. 

The  veins  join  the  temporo-maxillary  and  its  tributaries.  The  lymphatics  pass  to  both  the 
au])erficial  and  the  deep  cervical  glands ;  there  are  also  a  few  small  parotid  lymphatic  glands, 
which  lie  on  the  surface  of  the  upper  and  lower  part  of  the  parotid  beneath  the  capsule.  Some 
are  said  to  be  embedded  in  the  substance  of  the  parotid  itself. 

The  nerves  are  derived  (a)  from  the  auriculo-tcm]>oral,  and  (6)  from  the  sympathetic  on  the 
external  carotid.  The  fibres  of  the  sympathetic  are  mainly  vaso-constrictor.  Those  of  the 
auriculo- temporal  convey  to  the  gland  secretory  fibres  from  the  glosso-pharyngeal. 

Submaxillary  Oland. — The  submaxillary  gland  is  next  iu  size  to  the  parotid, 
and  resembles  it  in  its  lobulation  and  colour.  It  is  placed  partly  in  the  sub- 
uiaxiUary  triangle  and  partly  under  cover  of  the  posterior  part  of  the  mandible 
uear  its  angle  (Fig.  716). 

In  size  and  shape  it  may  be  compared  to  a  small  walnut  with  three  flattened 
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sides.  It  is  enclosed  in  a  complete  capsule  derived  from  the  deep  cervical  fascia : 
embedded  in  this  capsule,  and  superficial  to  the  gland,  are  found  a  few  submaxillarr 
lymphatic  glands,  which  are  of  importsmce  owing  to  their  connexion  with  the 
lymphatics  of  the  lips  and  of  the  anterior  half  of  the  tongue. 

In  consideriDg  the  relations  of  the  gland,  it  is  well  to  remark  that  there  is  in  this  region  a 
three-aided  space  bounded  externally  by  the  inner  surface  of  the  mandible  ]x»low  the  mylohyoid 
ridge,  internally  and  above  by  the  mylohyoid  muscle  running  inwards  and  dovrn wards,  and  b<l<»w 
by  the  skin  and  fascia  passing  from  the  margin  of  the  jaw  obliquely  inwards  and  downwards  to  join 
the  side  of  the  neck.  In  tliis  sjiace  the  gland  lies  with  external,  internal,  and  inferior  surfaces 
corresponding  to  the  walls  of  the  space. 

The  superficial  or  inferior  surface  looks  downwards  and  outwards ;  it  is  covered 
by  the  deep  cervical  fascia  and  the  platysma,  and  is  crosseil  by  the  facial  vein, 
which  lies  superficial  to  the  gland,  whilst  the  artery  passes  in  part  beneath  it.  The 
external  surfojce  rests  against  the  inner  aspect  of  the  lower  jaw  (submaxillary  fossa) 
for  an  inch  and  a  half  forward  from  the  angle,  to  which  latter  it  usually  reaches 
behind.  The  deep  or  internal  surface  lies  on  the  posterior  part  of  the  mylohyoid 
muscle,  and  behind  this,  on  the  hyoglossus  and  the  posterior  l)elly  of  the  digaatric 
with  the  stylohyoid ;  for  the  gland  is  not  contained  within  the  limits  of  the  sub- 
maxillary triangle  inferiorly,  but  passes  down  some  little  distance  over  the  digastric 
muscle.  From  the  deep  surface,  anterior  to  its  middle,  a  narrow  tongue-like  deep 
process  (Fig.  716)  is  continued  forwards  beneath  the  mylohyoid  muscle  along  with 
the  duct. 

The  posterior  end  of  the  gland,  which  is  its  most  bulky  jwrtion,  either  abuu 
against,  or  lies  very  close  to,  the  sterno-mastoid,  and  is  often  overlapped  by  tin- 
lower  end  of  the  parotid  gland.  The  facial  artery,  on  its  way  to  the  border  of  thf 
mandible,  lies  in  a  groove  in  the  upper  and  back  part  of  the  gland. 

The  Bubmaxillajy  or  Wharton's  duot  leaves  the  deep  surface  of  the  glauu 
about  its  middle,  and  runs  forwards  beneath  the  mylohyoid  muscle  with  the  d^'p 
process,  along  the  upper  and  inner  aspect  of  which  it  is  placed  (Figs.  716  and  ^VI. 
Pursuing  its  course  forwards  beneath  the  floor  of  the  mouth,  on  the  inner  side  ct 
the  subungual  gland,  the  duct  crosses  the  hyoglossus  and  the  genioglossus  mudclt"' 
and  finally  opens  on  the  floor  of  the  mouth  at  the  side  of  the  frenulum  lingua 
where  its  small  orifice  is  placed  on  the  summit  of  a  soft  papilla  (caruncula  sul^ 
liugualis)  close  to  its  fellow  of  the  opposite  side. 

While  running  forward  beneath  the  floor  of  the  mouth  the  duct,  which  ia  about  two  incht*  1<  i  -: 
(50  mm.),  is  crossed  on  its  inferior  aspect  by  the  lingual  nerve  near  the  anU^rior  bordi-rof  ti. 
hyoglossus,  that  is  opposite  the  2nd  molar  tooth.  The  nerve  at  the  time  is  arching  hvm  tii' 
posterior  end  of  the  mylohyoid  ridge  (against  which  it  lies)  inwards  and  forwards  in  oni*T  t" 
reach  the  under  surface  of  the  tongue,  and  in  this  course  it  passes  beneath  the  duct  at  tlie  jK't-' 
indicated.  As  in  the  case  of  Stenson's  duct,  the  calibre  of  Wharton's  duct  is  much  greater  tl. " 
that  of  the  orifice  hy  which  it  opens  ;  for  this  reason  it  may  likewise  be  looketl  upon  as  foruiinii'. 
to  some  extent,  a  reservoir  for  the  saliva  secreted  by  the  gland. 

Vessels  and  Nerves. — The  arteries  come  chiefly  from  the  facial  and  its  submental  braiK  !j 
the  veins  are  similarly  disposed.     The  nerves  are  derived  from  the  submaxillary  eanglion  (win  '. 
lies  above  the  deep  process  of  the  gland),  and  are  composed  of  fibres  from  the  rtiorda  tvmj«:-. 
from  the  lingual,  and  from  the  sympathetic  on  the  facial  artery.     The  lympliatics  paas  to  li.-^ 
submaxillary  lymphatic  glands. 

Sublingual  Oland. — This  is  an  elongated  almond-shaped  mass,  flattened  fruii> 
side  to  side,  and  much  wider  (from  above  downwards)  in  front  than  l)ehind,  whicli 
lies  on  the  floor  of  the  mouth  Ijeneath  the  plica  sublingualis — a  ridge  of  the  uiuom> 
membrane  produced  by  the  prominent  upper  border  of  the  gland  It  is  usuall} 
from  IJ  to  IJ  inches  (37  to  45  mm.)  in  length,  whilst  its  bulk  is  al>out  equal  t^ 
that  of  two  or  three  almonds. 

It  is  placed  between  the  mandible  externally,  the  genioglossus  intcmalh,  lii* 
mylohyoid  muscle  Ijelow,  and  the  mucous  membrane  of  the  mouth  al>ove  (Fij:.  7uo 

Its  detailed  relations  are  as  follows  : — Its  outa'  surface  rests  against  the  iiiuer  a^jt'tt 
of  the  body  of  the  mandible  above  the  mylohyoid  ridge.  Its  inner  surface  is  in  contact 
with  the  genioglossus  and  the  hyoglossus  muscles,  as  well  as  with  Wharton's  duct,  whi  ' 
runs  forwards  between  the  gland  and  the  muscles.  Below,  it  rests  on  the  niylohy<»id,  a»J 
at  its  posterior  part  on  the  deep  process  of  the  submaxillary  gland  ;   whilst  iti«  «//" 
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protninent  border  is  covered  only  by  the  mucous  membrane  of  the  mouth,  here  raised  up 
bj  the  gland  to  form  the  plica  sublingualis  (Fig.  712).  The  anterior  portion  of  the  gland 
is  much  deeper  and  more  bulky  than  the  posterior  half,  and  it  meets  its  fellow  in  the 
middle  line  beneath  the  frenulum  linguee.  The  posterior  extremity  grows  gradually  more 
slender,  and  ends  near  the  posterior  part  of  the  mylohyoid  ridge,  where  it  lies  above  the 
deep  process  of  the  submaxillary  gland. 

Its  ducta,  generally  known  as  the  ducts  of  Bivinus  (ductus  sublinguales  minores), 
are  numerous  and  of  small  size ;  they  leave  the  upper  part  of  the  gland,  and,  after  a 
short  course,  open  on  a  series  of  papillae,  visible  to  the  naked  eye,  which  are  placed 
along  the  summit  of  the  plica  sublingualis. 

The  gland  is  not  enclosed  in  a  distinct  capsule,  thus  differing  from  the  parotid  and  submaxil- 
lary glands ;  bat  its  numerous  lobules,  which  are  smaller  than  those  of  the  glands  just  mentioned, 
Are  held  together  by  fine  connective  tissue,  loosely,  but  still  in  such  a  manner  as  to  make  one 
more  or  less  consolidated  mass  out  of  what  was,  in  the  embryo,  a  number  of  separate  glands. 

As  a  rule  all  the  ducts  open  separately  on  the  summit  of  the  plica  sublingualis,  and  appar- 
ently none  of  them  join  Wharton  s  duct  Frequently  some  of  those  from  the  anterior  and  more 
bulky  part  of  the  gland  are  larger  than  the  others,  but  the  presence  of  a  large  duct  running 
aloD^de  of  Wharton's  duct,  and  opening  with  or  beside  it  (ductus  major  Rivini,  duct  of 
Bartholin),  is  very  rare,  and  must  be  consiaered  as  an  exceptional  condition  in  man,  although 
normal  in  the  ox,  sheep,  and  goat  The  same  may  also  be  said  of  ducts  from  the  sublingual, 
which  are  described  as  opening  into  the  duct  of  Wharton. 

Vessels  and  Neryes. — ^The  arteries  are  derived  from  the  sublingual  branch  of  the  lingual 
and  from  the  submental  branch  of  the  facial.  The  nerves  come  from  the  lingual,  the  chorda 
tympani,  and  the  S3anpathetic,  through  a  branch  of  the  submaxillary  ganglion  which  joins  the 
lingual,  and  is  conveyed  by  it  to  the  gland. 

The  apical  gland  of  the  tongue  (Nuhn's)  is  described  with  the  tongue,  p.  1006. 
Development  of  the  Salivary  Glands,  Palate,  and  Tongue. 

The  general  development  of  the  lips,  mouth,  palate,  and  tongue  is  described  on  pages 
37  to  42,  and  reference  wir  be  made  here  only  to  a  few  special  points  bearing  upon  this 
matter. 

Several  explanations  of  the  formation  of  the  philtmm  or  groove  on  the  front  of  the 
upper  lip  have  been  put  forward ;  most  probably  it  is  produced  by  the  union  of  the  median 
fronto-nasal  process  with  the  two  maxillary  processes  (see  p.  39),  the  floor  of  the  groove 
being  formed  by  the  fronto-nasal  process,  and  the  ridges  bounding  the  groove  at  the  sides 
corresponding  to  the  line  of  meeting  of  the  fronto-nasal  with  the  maxillary  pi-ocesses. 

The  salivary  glands  are  developed  as  solid  outgrowths  of  the  buccal  epithelium,  one 
each  for  the  submaxillary  (the  first  developed)  and  the  parotid,  several  for  the  sublingual 
gland.  The  outgrowths  are  at  first  simple ;  they  subsequently  divide,  and  finally  develop 
alveolar  enlargements  on  their  extremities.  By  a  separation  of  the  lining  cells,  the  ducts, 
and  later  on  (about  the  22nd  week)  the  alveoli,  become  hollowed  out,  and  present  a  lumen 
as  in  the  adult. 

The  development  of  the  palate  is  given  at  page  40 ;  but  it  should  be  mentioned 
that,  in  order  to  account  for  the  position  which  the  fissure  in  cleft  palate  usually  occupies, 
viz.  between  the  central  and  lateral  incisors,  the  theory  has  been  advanced  by  Albrecht, 
that  each  premaxilla  is  made  up  of  two  separate  segments,  an  inner  (or  endo-gnathion), 
containing  the  central  incisor,  and  an  outer  (or  meso-gnathion),  containing  the  lateral 
incisor  (the  rest  of  the  maxilla  constituting  the  exo-gnathion).  Between  these  two 
segments  of  the  premaxilla  (endo-  and  meso-gnathion)  the  cleft  is  said  to  run,  and  not 
between  the  premaxilla  and  maxilla  as  usually  held. 

Tongne. — The  tongue  is  developed  in  the  embryo,  not  on  the  floor  of  the  primitive 
mouth,  but  upon  the  anterior  wall  of  the  pharynx,  and  in  two  parts,  which  are  at  first 
distinct  but  soon  unite.  The  anterior  two-thirds  of  the  organ  is  formed  from  the 
tuberculnm  impar,  a  single  median  elevation,  developed  on  the  ventral  wall  of  the  pharynx, 
immediately  behind  the  first,  or  mandibular,  visceral  arch.  Behind  the  tuberculum  impar, 
at  first,  lies  a  prominent  elevation — the  iurcula,  from  the  anterior  part  of  which  the 
epiglottis  is  formed — the  two  being  separated  by  a  distinct  sulcus,  the  sinus  arcuatus 
(see  p.  37).  Soon,  however,  the  ventral  extremities  of  the  second  and  third  visceral 
arches,  growing  downwards,  unite  across  the  middle  line.  The  tuberculum  is  thus 
separated  from  the  furcula,  and  the  middle  portion  of  the  sinus  arcuatus  is  divided  into 
an  anterior  and  a  posterior  part.  The  ventral  ends  of  the  two  arches  having  fused, 
develop,  after  a  little  time,  into  a  prominent  semilunar  ridge,  the  rudiment  of  the  posterior 
68  a 
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third  of  the  tongue.  This  ridge  embracea  tbe  back  of  the  tuberculum  impar,  but  it  is 
separated  from  it  in  part  by  tbe  tuit«nor  diviaioii  of  tbe  siuus  arcuatuH,  which  pcrgigtH 
even  in  the  adult  as  tbe  foramen  cnvum,  with  the  isuLcus  termiualis  ruuuiug  forvaidB  und 
outwards  on  each  side  from  it.  Finally,  the  two  rudiments  of  the  tongue — the  tuberculuDi 
impar  and  tbe  Bemiluuar  ridge — become  blended,  the  only  indicatioa  of  the  original 
tteparation  being  the  fotamen  ciL'Cum,  the  sulcus  tenniaaliti,  and  the  different  characlers 
which  the  mucous  membrane  presents  on  the  two  divisions  of  tbe  organ.  At  tbe  foranieu 
cfficum  the  downgrowtb  which  gives  rise  to  the  iathmue  of  tbe  thyroid  gland  takes  pluce, 
and  a  part  of  the  thyro-glossal  duct  which  in  the  early  condition  connects  the  two  may  iu 
rare  cases  persist  iu  the  adult  in  connexion  with  the  foramen, 

THE  TEETH. 

The  teeth  are  highly  modified  portions  of  tbe  mucous  luembiaDe  of  the  mouth, 
specially  developed  to  perform  the  important  function  of  mastication,  that  is,  the 
division  and  trituration  of  the  food  which  takes  place  in  the  mouth  before  the  holm, 

as    the    resulting 

mass  is  called,  can 

be  swallowed.    Each 

tooth  is  a  calcified 

papillaof  themticoud 

membrane  of  the 

i>eniiiiii-i.t   mouth,  and  consist? 

|""J        like  tlwt  niembraije 

t  pemiiueiit  of  two  chief  portions 

'"nc'™r  — namely,  the  den- 
tine derivedfromtlie 
connective  tiasue, 
and  the  enamel  from 
the  epithelial  layer 
of  the  mucouB  mem- 
brane. The  dentiw 
constitutes  the  chief 
mass  of  tbe  tuoth. 
whilst  the  «ntiMl 
I  forms    a    cap  for 

the  portion  which 
projects  above  the 
gum.  There  is  alsn 
found  in  the  t«th 
_nother      special 

By  removing  tin-  bony  oultr  wall  of  tlie  alveoli,  tbe  roots  of  tlie  t*etli  which  hove  (.:_„,, ^  ».v.  Himm 
betu  eniptKl,  nad  tlie  pemuiient  Udh  which  sre  still  embedded  Id  the  "»«'*•'  ''"«  ™~' 
msDdiblc  aud  louUla,  liave  beeu  eipowd.  The  milk  teeth  are  colaurtd  blue,  tOIIl  Or  CTUStftpotron, 
the  iwrtuaiieiit  teeth  ytllow.      It  will  bo  seen  that  the  first  pcrDiuieiit  molars    a    form    of    moditiili 

have  appeared,  tlie  ueutral  and  lateral  milk  incisors  Lave  been  replaced  by  the    u  which    en- 

correspooding  pcnijaueut  teeth  in  the  ujijur  jaw,  but  the  milk  canine  and     ""°^   ,    ""'C"    t"" 
molars  have  not  yet  been  slied.    Iu  tlie  lower  jaw  the  Motrat  milk  inciwr  ha"   cases  the  rootS,  tht.':^ 
beau  ro|ilaeed  by  the  permanent  central ;  the  lateral  has  not  yet  been  shed,  but    latter    beine    fonucd 
its  permauent  suei:Bs.-or  is  making  its  way  up  to  the  nurface  on  ita  liugua]  si.le.    pl,;„fl,.  ^F  Honhno. 
In  addition,  the  canine  and  two  niohuB  of  the  n<ilk  set  persist.     The  poiition    •^'"^^J   *>«,  aeuime. 
of  the  crowns  of  the  iiermanent  teeth  between  the  roots  of  the  milk  molar*.  Dentine         auU 

and  tha  deep  situation  occupied  by  the  pemiauent  taainaa,  should  be  roteii.    enamel,  but  porlicu- 
Obserre  also  the  absorption  ot  the  root  uf  the  lower  lateral  incisor.  larlv   thp  lattt-r   are 

the  hardest  and  most  re-siutant  Btructures  in  the  body,  and  are  thus  specially  fitted 
for  the  functions  which  they  have  to  perform. 

Temporary  and  Permanent  Teeth.. — The  mouth  of  the  infant  at  birth  contain? 
no  teeth,  although  a  number,  partly  developed,  lie  embedded  in  the  jaws  beneath 
the  gum.  Some  six  months  later  teeth  begin  to  api>ear,  and  by  the  end  of  tli-' 
second  year  a  set,  known  as  the  milk  teeth,  twenty  in  number,  has  been  "cut' 
Then  follows  a  pause  of  about  four  years,  during  which  no  visible  change  taki-a 
place  in  the  mouth,  although  in  reality  an  active  preparation  for  furtber  develop- 
ment is  going  on  beneath  the  gum. 


Fig.  717.~-Tebth  (If  4  Child  oveh  Sevbh  Years  old  (mo.lified  from  Teatut). 
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At  the  end  of  this  period,  namely,  about  the  sixth  year,  the  next  stage  in  the 
production  of  the  adult  condition  begins.  It  consists  in  the  eruption  of  four  new 
teeth — the  first  permanent  molars — one  on  each  side,  above  and  below,  behind  those 
o(  the  milk  set.  This  is  followed  by  the  gradual  falling  out  of  the  twenty  teeth 
which  have  occupied  the  mouth  since  the  second  year  (Fig.  717),  and  the  sub- 
BtitutiOD  for  them  of  twenty  new  teeth,  which  take  up,  one  by  one,  the  vacancies 
created  by  the  dropping  out  of  each  of  the  milk  set.  Finally,  the  adult  condition 
is  attained  by  the  eruption  of  eight  additional  teeth^the  2nd  and  3rd  molars — 
two  OD  each  aide,  above  and  below,  behind  those  which  have  already  appeared.  All 
of  these — the  penoanent  set — have  appeared  by  the  end  of  the  twelfth  or  thirteenth 
year,  except  the  four  wisdom  teeth,  which  are  usually  cut  between  the  seventeenth 
and  twenty-fifth  year,  but  are  often  delayed  until  a  very  much  later  period,  and 
occasionally  never  appear. 

The  set  of  teeth  which,  as  indicated  above,  begin  to  appear  in  the  infant  about 
the  sixth  month,  are  known  as  the  decidnons,  temporary,  or  milk  teeth  (dentes 
decidui),  whilst  those  which  succeed  them  and  form  the  adult  equipment  are  the 
pemuuient  teeth  (dentes  permanentes). 

The  milk  teeth  are  twenty  in  number,  and  are  named  as  follows  in  each  jaw, 
beginning  at  the  middle  line : — central  inoisor,  lateral  incisor,  canine,  first  molar 
and  second  molar ;  or  more  briefly,  two  incisors,  one  canine,  two  molars.  This  is  con- 
veniently expressed  by  the  "  dental  formula  "  for  the  deciduous  teeth  in  man,  which 
shows  the  number  of  each  class  of  teeth  above 
and  below  on  one  side  of  the  mouth,  viz.  :— 
i.  f,  c.  {,  m.  i. 

The  pemument  teeth,  thirty  -  two  in 
number,  are  named  in  each  jaw,  beginning 
at  the  middle  line: — central  incinor,  lateral  c 
incisor,  canine,  Ist  premolar  (or  bicuspid), 
2nd  premolar  (or  bicuspid),  Ist  molar,  2nd 
molar,  and  3rd  molar  or  wisdom  tooth 
(dens  serotinus).  The  dental  formula  for 
the  permanent  set  in  man  is  thus : — 
i.  f,c.  l.jwi.  |,m.  f 

General  Form  and  Stmctnre. — A  tooth 
consists  (Fig.  718)  of  (1)  the  crows  (corona 
dentia),   the    portion   projecting  above   the 
gum,  which  varies  in  shape  in  the  different 
teeth,  and  in   all,  except  the  incisors  and 
canines,   bears   on    its   grinding   surface   a 
number   of    tubercles    or    cusps   (tubercula 
coronie).  varying  in  number  from  two  to  five 
io  the  different  teeth;  (2)  the  neck  (coUum 
dentin),  the  faintly  constricted  part  which  is 
surrounded   collar -wise   by   the   gum,   and 
which  connects  the  crown  with  (3)  the  root 
(radix    dent  is),   the    portion    of   the    tooth 
which   is  embedded  in  the  alveolus  of  the 
maxilla  or  the  mandible.     In  the  majority 
of  teeth,  namely,  in  all  except  the  molars, 
the  root,  as  a  rule,  is  sinttle,  or  nearly  bo,        aivoIw  perii«t 
and  consists  ol  a  long,  tapermg,  conical,  or 
flattened    piece,    perfectly   adapted    to    the 
alveolus  in  which  it  lies.     In  the  molar  teeth  (and  in  some  of  the  others  occasion- 
ally) the  root  is  divided  iuto  two  or  three  tapering  or  flattened  roots  or  fangs. 
At  the  apex  of  each  root  there  can  be  made  out,  even  with    the  naked  eye, 
a  minute  opening  (foramen  apicis)  through  which  the  vessels  and  nerves  enter  the 
tooth. 

On  making  a  section  of  a  tooth  (Fig.  718),  it  will  be  seen  that  the  interior  of 
68  & 
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the  body  is  occupied  by  a  cavity  of  some  size,  generally  called  the  pulp  cavity 
(cavum  dentis),  owing  to  the  fact  that  it  is  filled  in  the  natural  state  by  the  soft 
and  sensitive  tissue  known  as  the  pulp.  This  pulp  cavity  gradually  narrows 
below,  and  is  prolonged  into  each  root  of  the  tooth  as  a  slender  tapering  passage, 
the  root  canal  (canalis  radicis),  which  opens  at  the  apical  foramen  already  referred 
to.  Through  these  root-canals,  which  also  contain  some  pulp,  the  vesaela  and 
nerves,  which  enter  at  the  apex,  pass  to  the  interior  of  the  tooth. 

Short  diverticula  of  the  pulp  cavity  are  prolonged  into  the  bases  of  the  cusps  in 
the  molar  and  premolar  teeth,  and  in  the  incisors  also  there  are  similar  slight  pro- 
longations of  the  cavity  towards  the  angles  of  the  crown. 

The  roots  of  the  teeth  are  embedded  in  the  sockets  or  alveoli  of  the  jaws,  to 
which  they  are  accurately  adapted,  and  firmly  united  (Fig.  718)  by  a  highly 
vascular  layer  of  connective  tissue — the  alveolar  periosteiim  (alveolo-dental  perios- 
teum or  root-membrane).  This  is  att^ached  to  the  wall  of  the  alveolus  on  the  one 
hand  and  to  the  root  of  the  tooth  on  the  other,  whilst  above  it  is  continuous  with 
the  connective  tissues  of  the  gum. 

So  accurately  are  the  root  and  the  alveolus  adapted  to  each  other  over  their 
whole  extent,  and  so  firmly  does  the  periosteum  bind  them  together,  that,  under 
normed  conditions,  the  tooth  is  quite  firmly  fixed  in  the  bone,  and  no  movement 
of  the  root  within  the  alveolus  can  take  place ;  the  vessels  and  nerves  entering  at 
the  apex  are  thus  secured  against  pressure  or  strain. 

When,  however,  the  alveolar  periosteum  is  inflamed  it  becomes  swollen  and  exquisitely  sen^i- 
tive ;  the  tooth,  as  a  result  of  the  swelling,  is  pushed  partly  out  of  its  socket,  its  crown  proJKt 
above  those  of  its  neighbours,  and  strikes  against  the  opposing  tooth  when  the  mouth  is  clo^^i, 
giving;  rise  to  much  pain  and  discomfort 

The  neck,  although  a  useful  term,  can  scarcely  be  reconiised  as  a  distinct  constriction  in  tht 
permanent  teeth  ;  it  corresponds  to  the  line  along  which  the  gum  and  alveolar  periosteum  mni. 
or  along  which  the  gum  is  united  to  the  tooth ;  but,  as  already  pointed  out,  the  piim  does  net 
stop  at  the  neck,  but  forms  a  free  fold  which  surrounds  the  base  of  the  crown  collar-wise  for  a 
short  distance.  The  outline  of  the  margin  of  the  gum  opposite  the  labial  and  lingual  snrfacfv  t-f 
the  crown  is  usually  concave,  but  opposite  the  proximal  and  distal  sides  of  the  tooth  it  is  conreL 
and  reaches  much  nearer  to  the  edge  of  the  crown  than  on  the  other  surfaces. 

In  the  incisors  and  canines  the  pulp  cavity,  which  is  about  J  to  i  the  diameter  of  the  tt«'tii. 
passes  very  gradually  into  the  root  canal  (Fig.  718),  so  that  it  is  difficult  to  say  where  one  ei:  * 
and  the  otner  begins.  The  reverse  is  the  case  in  the  molars,  whilst  the  premolars  are  somewli '' 
variable  in  this  respect 

Tartar  is  a  hard  calcareous  deposit  from  the  saliva  (salivary  calcidus),  often  found  on  the  l<^'l 
near  their  necks.  It  is  composed  of  lime  salts,  and  its  deposit  is  largely  determined  by  tli 
presence  of  organisms  (leptothrix,  etc.)  in  the  mouth. 

THE  PERMANENT  TEETH. 

The  permanent  teeth  (Figs.  719  and  724)  are  thirty-two  in  numl)er,  sixteen  abo>^ 
and  sixteen  below,  or  eight  in  each  half  of  either  jaw ;  and,  although  we  can  group 
them  under  four  heads — incisors,  canines,  premolars,  and  molars — tlie  individual 
teeth  differ  so  much  in  their  characters  that  each  tooth  will  require  a  sej>aratt 
description. 

Descriptive  Terms.— Before  describing  the  permanent  teeth,  it  is  requisite  that 
certain  terms  which  are  employed  to  denote  the  surfaces  of  the  teeth  should  be  defineJ. 
This  is  a  matter  of  some  importance,  seeing  that  the  terms  inner  and  outer,  anterior  ani 
posterior,  cannot,  owing  to  the  curvature  of  the  dental  arches,  be  properly  applied  to  all 
the  teeth  in  the  same  sense.  The  terms  given  below  have  been  adopted  seeing  that  thtv 
are  free  from  the  danger  of  misconception. 

The  part  of  a  tooth  which  comes  in  contact  with  the  teeth  of  the  opposite  jaw  is  knomi 
as  the  grinding  or  masticating  surface  (facies  masticatoria.  Fig.  721).  The  surface  in 
contact  with  or  looking  towards  its  predecessor  in  the  row  is  known  as  the  proziiiul 
surface  (fades  meclialis  in  incisors  and  canines, /ck?i«  anterior  in  premolars  and  moUrM. 
the  opposite  surface,  namely,  that  which  looks  towards  its  successor  in  the  row,  is  knouu 
as  the  distal  surface  (facies  lateralis  in  incisors  and  canines,  facies  posterior  in  molaw  aiJ-i 
premolars).  The  surface  which  looks  towards  the  tongue  is  the  liwgin^l  nnxface  (fac:<'^ 
lingualis),  and  that  looking  in  the  opposite  direction,  i.e.  towards  the  lips  and  cheek,  tli- 
labial  smiiace  (facies  labialis).  The  portion  of  a  tooth  which  touches  its  neigblx»ur  in  tli'* 
same  row  is  known  as  the  contact  surikce  (facies  contactus). 


THK  TEETH. 
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Incisor  Teeth  (dentes  incisivi.  Figs.  719  and  720). — These  teeth,  four  in  number 
in  each  jaw,  are  used  specially  for  cutting  the  food,  hence  their  name.  The  crown 
of  each  is  chiael-shaped,  and  presents  an  anterior  or  labial  surface  which  is  convex 
in  all  directions,  a  posterior  concave  surface,  and  a  chisel-like  edge,  which,  when 
first  cut,  is  surmounted  by  three  small  tubercles  separated  bj  two  grooves.  These 
tubercles,  however,  are  soon  worn  down,  and  the  edge  becomes  straight  or  nearly 
80.  Owing  to  the  fact  that  the  upper  incisors  overlap  those  in  the  lower  jaw,  the 
cutting  edge  is  worn  away,  or  becomes  bevelled,  on  the  posterior  aspect  in  the 
former,  but  on  the  anterior  aspect  or  summit  in  the  latter.  The  upper,  but 
particularly  the  upper  central  incisors,  are  of  large  size,  and  slope  somewhat  forwards ; 


IT  Side.  Outer  o 
j«r,  the  lower  teeth.     ' 
cnuine  and  premolar  t«eth. 


whilst  the  lower  incisors,  which  are  all  nearly  equal  in  size,  are  much  smaller — being 
the  smallest  of  all  the  teeth — Jind  are  placed  vertically.  The  roots  of  the  incisors 
!ire  single,  though  a  groove  is  occasionally  seen  on  each  side,  suggesting  a  division. 


■e  very  much  laitter  than  the  upper  lateral  inciBors  (Fig.  719),  but  ir 
e,  the  lateral  incisors  being  slightly  the  larger.     In  all  ii 


The  central  upper  i 
Ihc  lower  jaw  the  oppo  ,  ^      ^      .  ^ 

tli^  o\i!«r  (distal)  angle  of  the  crown  ia  more  rounded  than  the  proiinial.  The  posteri( 
flurface  of  the  crown  in  the  upper  incisors  ia  usually  limited  towards  the  giim  by  a  A-shaped 
ridge  (Fig.  720),  known  as  the  Basal  ridge  or  cingnlam.  Tlie  two  limbs  of  the  a  are  continued 
up  along  the  sides  of  the  pwterior  surface,  whilst  the  apen  ia  turned  towards  the  gum  ;  and  here, 
particu£rl^  in  the  lateral  incisor,  there  is  often  developed  a  small  lingual  cnap  (Fig.  720).  The 
ciufiulum  IB  rarely  found  on  the  lower  inciBora. 

The  roots  of  the  upper  Incisors  and  canines  are  conical  and  rounded  (the  laterals  and  canines 
not  so  distinctlv  as  tho  centrals,  Fig.  723),  whilst  those  of  the  lower  jaw  are  flattened  from  side  to 
!<ide  (proximO'diefaUy). 

Canine  Teeth. — In  the  four  canine  teeth  (dentes  eanini),  which  succeed  the 
incisors  in  each  row  (Figs.  719  and  720),  the  crown  is  large  and  conical,  corresponding 
clo-sely  in  general  form  to  a  very  large  central  incisor  with  its  angles  cut  away, 
so  that  the  crown  assumes  a  pointed  or  conical  shape.  The  labial  surface  is 
convex,  the  lingual  usually  somewhat  concave.  The  root  is  single  and  long,  par- 
ticularly in  the  upper  canine,  the  root  of  which  is  longer  than  that  of  any  other 
tooth,  and  produces  the  canine  eminence  on  the  anterior  surface  of  the  upper  jaw. 
The  upper  canines  are  larger  than  the  corresponding  lower  teeth,  t>ehind  which 
they  bite ;  and  they  are  sometimes  known  as  the  "  eye  teeth." 

The  upper  canine  prosents  on  its  lingual  surface  a  well-marked  cinguluni,  and  often  a  distinct 
lingual  cusp ;  in  addition,  there  is  usually  a  median  ridge  running  fajm  the  point  of  the  crown 
to  the  apex  of  the  cingiilum,  which  ia  separated  from  the  lateral  part  of  the  cingnlum  on  each 
Bide  by  a  slight  depression.  These  points  are  neither  so  well  markwl,  nor  so  c<>n8tant,  in  the 
lower  aa  ia  the  upper  canine. 
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Of  the  tno  morons  sloping  away  from  the  apex  of  the  crown,  the  latenl  is  the  longer  is  kitli 
teelh.    After  it  has  been  s  little  nom  the  lower  canine  is  less  distinctly  pointed  than  the  upprr; 


Fio.  720.— The  Permanent  Teeth  op  the  Rcubt  Side,  Inner  or  Uniidal  Abphlt. 

The  upper  row  abowH  the  upper  teeth,  ths  lower  row  the  lover  teeth.     The  ctDEUlum  L<<  diatinct  OD  the  npixr 
inclson  and  )ioth  CHninea,  the  Itngaal  cusp  on  tba  upper  lit«nl  iociaor  and  the  upper  canine. 

its  root  is  also  more  flattened.  On  the  lahial  surface  of  the  crown,  of  both  canines  and  premoUrr, 
a  wide  low  vertical  ridge  (lahial  ridge)  can  generally  be  made  out  (Fig.  719) ;  it  is  most  dis- 
tinct on  the  canine  and  nrst  upper  premolar. 

Premolar  or  Bicospid  Teeth  (dentea  premokres.  Figs.  719  and  720). — Eight  in 
number,  two  in  each  jaw  above  and  below,  the  premolar  teeth  are  placed  behind  the 
canines,  and  in  front  of  the  molars  as  indi- 
cated by  the  term  "  premolar."  The  crown 
which,  unlike  that  of  the  incisors  anil 
caQioes.ia  flattened  from  before  backwani^ 
(proximo-distoUy),  is  characterised  by  thi' 
presence  of  two  cusps  (Fig,  721),  trnne.' 
the  term  bicuspid  often  applied  to  tlie.-*' 
teeth.  One  of  the  cusps,  the  lai^r,  f 
placed  on  the  outer  or  labial,  the  other 
on  the  inner  or  lingual  side.  The  labial 
and  lingual  surfaces  are  both  convex. 
The  root  is  single,  but  it  is,  as  a  rule. 
flattened  from  before  backwards  (prosini'i- 
distally)  and  grooved,  showing  in  tlii^  R 
tendency  to  division,  which  often  actuallj 
takes  place  in  the  first  upper  premnUr. 
The  upper  premolars  are  easily  diatio- 
Fui.  7ai,— The  Upi-bb  Pbhhanest  Tketh,  viewed  guished  by  the  fact  that  their  two  cus]" 
from  i^iow.  ^^   large   and   are    separated    from   nm- 

'Hie  cuaps  of  the  premolara  and  niolars  of  the  right  another  by  a  dlstinCt  anterO-poetfricr 
Hide  (1""  o'  picture)  are  imrtienlarij  vrell  »hown.  «„„„_„  /Ti™  •toi\.  .„),;i»>  :„  .k  .  In.i-.n- 
Tl,e    ridge    from  the    inner    anterior    (proximo- n^S""*    (*^'g-    '  21)  i    whUst    in     the    Inw.'f 

lingual)  to  the  outer  po!<terior  (labio.dixtui)  cuap  premolars,  on  the  other  hand,  the  separa- 

ia  alao  diatinct  in  the  Hrst  and  aecond  molan..  tJon  between  the  twO  CUSpS  is  DOt  cffeclni 

r,;,3j  ^'."hX'riZ'y"..!;'!'?  "  contmuou,  figure  a,  in  the  upi-r 

foiinri.  teeth,  but  by  two  dimple-like  depn's-iioiis 

separated  by  a  ridge,  which  joins  the  tw 

cusps  (Fig.  722).     In  tlie  upper  premolars,  therefore,  the  two  cusps  are  separai*-'! 

by  a  fissure,  in  the  lower  they  are  united  by  a  ridge. 

The  fimt  upper  premolar  is  often  slightly  larger  than  the  second  ;  the  reverse  is  ihf  rate  in 
the  lower  jaw.    The  outer  or  labial  surface  of  uie  crown  is  usually  somewhat  lai^ger  than  the 
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inner  or  lingual  surface  in  all  premolara  The  upper  are  distinguished  from  tlie  lower  bicuspids, 
as  pointed  out  above,  by  the  fact  that  in  the  upper  the  two  cusps  are  separated  by  a  groove,  in  the 
lower  they  are  united  by  a  ridge ;  in  the  latter  also  the  crowns  are  more  circular  (B  igs.  716  and  722). 
It  will  further  usually  be  found  that  the  outer  or  labial  surface  of  the  crown  is  strongly  sloped 
(bevelled)  inwards,  near  the  grinding  sur&ce,  in  the  lower  premolars.  The  first  can  usually  be 
distinguished  from  the  second  by  the  fact,  that,  while  the  ungual  cusp  and  surface  are  smaller 
than  the  labial  in  the  first  premolar,  they  are  nearly  of  the  same  size  in  the  second.  In  addition, 
the  root  of  the  first  upper  premolar  Ib  bifid  or  nearly  so,  and  its  labial  ridge  is  fairly  distinct,  but 
is  indistinct  in  the  second.  In  the  first  lower  premolar  the  lingual  cusp  and  surface  are  very 
small,  in  fact  the  cusp  is  quite  rudimentarv.  It  should,  however,  be  added  that  it  is  often 
extremely  difficult  to  identify  the  various  bicuspids.  The  differences  may  be  expressed  in 
tabular  form  thus : — 

Premolars. 


Boot.  Cuap  and  Snrfaoe. 


Upper  (have  two  Hst  premolar  I  bifid,  or  nearly  so  i  Lingual  smaller  than  labial, 
cusps  separated-! j i- 


by  a  groove)       [2nd      ,,         '  single  Lingual  nearly  as  large  as  labial. 


Lower  (have  two  ( Ist  premolar  ;  single 
cusps  united  by-l  • 

[ 


a  ridge)  [^2nd 


Lingual  much  smaller  than  labial. 


)t  )i 


Lingual  nearly  as  large  as  labial. 


Molar  Teeth  (dentes  molares). — The  molar  teeth,  also  known  as  the  grinders  or 
mnlticnspidati,  are  twelve  in  number — three  on  each  side  above  and  below — and 
are  distinguished  as  first,  second,  and  third  molars.  The  latter  is  also  known  as 
the  wisdom  tooth,  owing  to  its  late  eruption.  All  the  molars  are  characterised  by 
the  large  size  of  the  crown  and  the  possession  of  three  or  more  trihedral  cusps  on 
the  masticating  surface  (Figs.  721  and  722).  They  are  the  largest  of  all  the  teeth, 
but  they  diminish  in  size  from  the  first  to  the  third,  the  last  being,  as  a  rule, 
the  smallest  of  the  three.  In  shape  the  crown  is  more  or  less  quadrangular, 
with  convex  labial  and  lingual  surfaces.  The  roots  are  either  two  or  three 
in  number,  but  frequently  m  the  wisdom  teeth  they  are  united  to  a  varying 
degree. 

The  molars  of  the  upper  and  lower  jaws  differ  so  considerably  in  their  further 
details  that  they  must  be  considered  separately.  They  may  be  most  readily  dis- 
tinguished from  one  another  by  the  fact  that  normally  the  upper  molars  possess 
three  roots  (Figs.  719  and  720),  whilst  the  lower  molan  have  two  at  most.  The 
number  of  cusps,  though  not  so  reliable  a  guide  as  the  form  of  the  root,  is  also 
generally  sufficient  to  distinguish  them.  In  the  upper  molars  there  are  either 
three  or  four  cusps,  whilst  in  the  lower  the  number  is  most  commonly  five  (see, 
however,  page  1021). 

In  the  upper  molars,  the  crown,  viewed  from  the  grinding  surface  (Fig.  721),  is 
rhomboidal  in  shape  (i.e,  quadrangular  with  the  angles  not  right  angles).  The  outer 
(labial)  and  the  inner  (lingual)  surfaces  are  convex.  The  number  of  cusps  is  either 
four  or  three.  On  the  Jlrst  there  are  invariably  four — two  on  the  labial  and  two 
on  the  lingual  side — the  antero-internal  (proximo-lingual)  of  these  being  connected 
with  the  postero-external  (labio-distal)  by  an  oblique  ridge  (Fig.  721),  which  is 
also  found  on  the  second  and  third  molars  when  these  bear  four  distinct  cusps. 
The  second  upper  molar  has  either  four  or  three  cusps  in  about  an  equal  proportion 
of  European  skulls,  whilst  in  the  third  the  number  is  much  more  frequently  three 
than  four.  The  roots  in  the  upper  molars  are  three  in  number  (except,  occasionally, 
when  the  three  roots  of  the  wisdom  tooth  are  confluent),  two  being  external  or 
labial,  and  the  third  internal  or  palatal  (Figs.  719,  720,  and  723). 

In  the  lower  molars,  the  crown,  viewed  from  above  (Fig.  722),  is  somewhat 
cubicaL  The  outer  and  inner  surfaces  are  convex,  as  in  the  upper  molars.  The 
first,  as  a  rule,  bears  five  cusps,  two  being  on  the  outer  side,  two  on  the  inner,  and 
the  fifth  behind  and  external,  that  is,  between  the  two  posterior  cusps  and  somewhat 
to  the  outer  side.  The  second  has  usually  only  four  cusps;  a  fifth,  however,  is 
sometimes  present.  The  third  has  either  four  or  five,  the  former  number  more 
frequently  than  the  latter. 

The  roots  of  the  lower  molars  are  two  in  number,  each  wide,  grooved,  and 
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flattened  from  before  backwards.     One  Is  placed  anteriorly,  the  other  poeteriarly, 
and  both  are  usually  recurved  in  their  lower  portions  (Fig,  719).     As  in  the  corre- 


PiQ.  722. — Tbe  Lower  Permanent  Teeth,  riewed  rrom  Aott, 

Bponding  teeth  of  the  upper  jaw,  the  roots  of  the  lower  wisdom  teeth  are  often  moie 
or  leas  united  into  a  single  masa. 

The  chief  cbaractera  of  the  upper  and  lower  mokrB  may  be  summarised  thus  : — 
Molars. 


and  Uppw.  I  Brd  Upper. 


UPP" 

Cu,p.   .         . 

* 

3  or  4 

3  or  4 

RooU   . 

3 

8 

3  (or  1) 

1 

IrtLoww. 

Sndl->*er. 

SrAhoww. 

■^ 

CU.P.  .       . 

5                4  or  S      '      4  or  5 

1 

Boots    . 

2 

2 

2(orl) 

1  size  from  before  backwaHk  This  remark  applies  particularly  to  ibt 
are  extremely  variable  in  form  and  position  among  civilised  racw.  Thr 
loug  axis  of  the  upper  molars  has  a  general  direction  downwards  and  outwards ;  whilst  thai  "I 
the  lower  molartt,  whiuh  the  former  partly  overlap,  slopes  upwards  and  inwanlo,  with  the  r«vull 
that  the  outer  cusjis  of  the  lower  molam  lie  in  the  groove  Bepacatinfi  the  inner  from  the  outrr 
cusps  of  the  upper  teeth  (t'ig.  706,  p.  996).  As  a  further  result  of  this  overlapping,  the  oatf' 
edge  of  the  crown  is  sharp  and  the  inner  edge  rounded  in  the  upper  molars  ;  whilst  the  inner 
udge  is  nharji  and  the  outer  edge  rounded  in  the  lower  set  The  cause  of  this  is  obvious.  Tbr 
ouWr  margins  of  the  upuer  molars  overlap  their  fellows  on  the  buccal  side,  whilst  the  innir 
margins  ol  the  lower  molars  overlap  their  fellows  on  the  lingual  side  ;  these  uiargins,  tbercfun;. 
are  subject  to  comparatively  little  attrition,  and  consequently  remain  sharp.  The  other  mtrpn 
of  each  tooth,  on  the  other  hand,  strikes, against  the  groove  on  the  crown  of  the  opposing  tmilli. 
and  consequently  becomeii  worn  and  round. 

The  fituures  which  sc'iiarate  the  cu-^us  on  the  grindinK  surfaces  of  the  molar  t«eth  are  generaUy 
continued  as  faint  grooves  on  the  labial  and  lingual  surfacea 

Upper  Holars.— The  crowns,  as  already  stated,  are  rhomboidal  in  shape,  and  when  viewiiu 
their  grinding  surfaces,  as  in  Fig.  721,  if  the  planea  of  separation  between  them  be  pn>lon«d, 
they  would  strike  the  middle  line  near  the  back  part  of  the  hard  palate ;  in  oUier  words,  thrii 
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ptoximal  and  distal  Burface«  ai 

wards  and  inwards,  and  conveTging  souiKwhat  internally.  A*  knowledge  c 
determining  the  sid«  to  which  an  upper  molar  helongs,  as  is  the  fact  that  the  i 
is  broader  tnan  the  posterior  (Fig.  7^3). 

As  n^ards  the  nuwbtr  of  cuipt  (Fig.  721): — The  first  upper  molar  has  (bur  cub|»  in 
practically  all  akulla  (99  per  cent) ;  OMaeionally,  indeed,  another,  but  very  rudimentary,  cusp  is 
present  on  the  lingual  side  of  the  antero-int«mat  (proxiQio- lingual)  cusp.  The  second  molar  has 
either  three  or  four  in  an  almost  equal  proportion  of  EuroiK'ans,  but  more  frequently  four  talcing  the 
teeth  of  all  nations  together,  (According  to  Topinard,  lour  cusps  are  present  in  66  per  cent  of  all 
races,  and  in  58  per  cent  of  European,  Semitic,  and  Egyptian  skulls ;  acconling  to  Zuckerkandl,  in 
73-5  per  cent  of  the  lower  races  and  45'6  percent  of  Europeans.)  Thethittl  upper  molar  has  three 
cuspe  much  more  frequently  than  four  amongst  Europeans  (four  cusps  only  in  36  per  cent,  although 
it  has  four  cusps  more  frequently  in  certain  lower  races).  It  should  be  remarked  that,  while  there 
are  practically  alwaya  four  cusps  in  the  first  molar,  still  there  is  a  tendency  to  the  disappearance 
of  the  postero- internal  (disto -lingual)  cusj),  which  tendency  grows  more  prouonnced  as  »e 
pass  backwards  to  the  second  and  third 
molars.     The  other  cusps  are  practically 

The  three  roots  of  the  upper  molars 
(Figs.  7 19, 720.  and  723)  are  a  hrge  inner 
or  palatal,  suh -cylindrical  in  shape,  and 
two  external  or  labial  roota,  smaller  and 
flattened  from  before  backwards.  The 
palatal  fang,  which  is  placed  opposite 
the  posterior  labial  root,  is  often  onited 
to  one  of  the  others.  The  lower  part 
of  the  antrum  of  Highmore  geneKlty 
eiifnds  down  between  the  paJat^  and 
the  two  labial  fengs  (Fig  706,  p.  996), 
but  the  tatter  project  on  its  floor  more 
frequently  than  the  palatal  root  In 
the  wisdom  tooth  the  three  roots  are 
frequently  more  or  less  united  into  a 
single  conical  process  (Fig.  723). 

Lover  Molars. — The  crowns  are 
more  niagsive  than  those  of  the  upper 
molars,  and  ar«  elongated  antero-poe- 
teriorly  (Fig.  722).  A  crucial  groove 
separates  the  four  chief  cusps  from  one 
another ;  this  bifurcates  benind  to  en- 


tooth.  The  number  o/  cu$pt  present  in 
the  lower  molars  is  as  follows : — The 
first  has  usually  five  cusps  (62  per  cent 
of  all  races,  61  per  cent  of  Europeans) ; 
.s  four 


e  second  has  four  cusps,  as  a  rule  ffive 
cusps  in  only  24  per  cent  of  all  skulls) ; 
the  lower  wisdom  tooth  has  four  cusps 
a  Lttle  more  frequently  than  five  (five 
in  46  per  cent  of  aU  skulls),  but  like 
the  upper  wisdom  tooth  it  is  extremely 


B.  723.— HoBIZONTiL  HeCTLONS  THBOCon  BHTB  THB  UpHliU 
AND  Lower  Jaws  to  show  the  rooU  ot  the  teeth.  Tli« 
aections  were  carried  through  tbe  botiej)  a  short  distance 
from  lh»  edge  of  their  alveolar  borders.  Tho  upper  figure 
allows  the  upper  teeth,  the  lower  figure  Che  lower  teeth. 
Note  the  flattened  roots  of  the  lower  ineisors,  the  two 
root  canals  in  the  anterior  root  of  each  lower  molar,  aud 
the  coofluence  at  the  three  roots  ot  the   upper  wisdom 

The    roots   of    the    lower    molars  teeth. 

(Fig.  719),  two  in  number,  are  flattened 

from  before  backwards,  and  very  wide.  The  anterior  of  these  has  two  root  canals ;  the  posterior 
but  one  (Fig.  723).  The  wisdom  tooth  has  commonly  two  roots  like  its  fellows ;  occasionally  the 
two  are  united.  In  determining  the  aide  to  which  a  lower  molar  belongs,  it  should  be  remerabered 
that  the  lower  part  of  the  root  is  generally  cun'ed  backwards,  and  also  that  the  blunter  margin 
of  the  crown  (see  above)  and  the  fifth  cusp,  if  present,  are  on  the  outer  side, 

ArTangement  of  the  Teeth  in  the  Jaws.— The  teeth  are  arranged  in  each  jaw 
in  a  curved  row — the  dental  arch  (arcus  dentalia)— of  approximately  a  semi-oval 
form  (Figa.  721  and  722).  The  curve  formed  by  tho  upper  teeth,  however,  is  wider 
than  that  formed  hy  the  lower  Bet,  bo  that  when  the  two  are  brought  in  contact 
the  upper  incisors  and  canineB  overlap  their  fellows  in  front,  and  the  outer  cusps 
of  the  upper  premolars  and  molars  overlap  the  corresponding  cusps  of  the  lower 
teeth  (Fig,  706,  p.  996).  It  will  also  be  seen  that,  as  a  rule,  the  teeth  in  one 
jaw  are  not  placed  exactly  opposite  their  fellows,  but  rather  opposite  the  interval 
between  two  teeth,  in  the  other  jaw  (Fig.  724).  Tliis  arrangement  is  brought 
about  largely  by  the  great  width  of  the  upper  central  incisors  as  compared  with 


oppoaiU  row,  and  tlie  reaultiug  interlocking  al  the  teeth, 


1022  THE  DIGESTIVE  SYSTEM. 

their  fellowa  of  the  lower  jaw,  which  throws  the  upper  canines  and  the  sacoeeding 
teeth  into  a  position  behind  (distal  to)  that  of  the  same  named  teeth  of  the  lower 
aet.  But  as  the  lower  molars  an^ 
lat^r  ia  their  aiitero  -  i>oeterior 
diameter  than  those  of  the  up]«t 
row — and  this  remark  applies  par- 
ticularly to  the  wisdom  teeth— 
the  two  dental  arches  t^ruiiiiate 
behind  at  approximately  the  sauie 
point. 

The  upper  deulal  arcli  is  said  ta  funii 
an  «lliptical,  the  lower  a  panbolic  corrt 
(Figs.  7Sl  and  722).  Th>!  line  rurmvd  \)j 
the  grinding  surfacea  of  the  upper  In-in, 
as  seen  on  profile  view  (Fi^.  Hi),  u 
usually  somewhat  convex,  owing  larjfi^Ij 
to  the  failure  of  the  wisdom  tooth  to 
deacend  into  line  with  the  oiIkt*. 
Similarly  the  line  of  the  lower  tetlU  i* 

Id  both  jaws  the  crowns  uf  thr  fruTLl 
teeth  are  higher  (longer)  than  i\ii>v  uf 
the  iDolars. 

Fta.  721.— To  Bhow  the  rel.tlon  of  tho  upper  to  the  lower  Pwiod  of  Emption   of  the  POT- 

tcelh  wheD  the  inoutb  is  cloaed.    The  DiaTiner  in  vhich  a   mauest  Teeth. — Although   there  is 
tooth  or  oD«ro-u™diy  strikes  aguDrt  two  t*eth  of  the  considerable  variety  in   the  dala 

oiinoa]U  row.  snd  tlie  nuultuiE  lUterlockine  of  the  taeth.       ,         .  .   >      ,,  .'' 

at  which  the  various  iiermaueni 
teeth  appear  above  the  gums,  Ihe 
order  of  eruption  is  practically  constant  in  different  individuals,  and  Js  a^ 
follows : — Before  any  of  the  temporary  teeth  are  lost  the  first  permanent  molar- 
appear  behind  the  2ud  milk  molars.  Next  the  central  milk  incisors  fall  out,  and 
their  places  are  taken  by  the  permanent  teeth  of  the  same  name ;  then  follow  tlic 
remaining  teeth  in  the  following  order:  Lateral  incisors,  Ist  premolars,  2nd 
premolars,  canines,  2nd  molars,  and  3rd  molars.  It  will  be  observed  that  ttif 
eruption  of  the  canine  is  delayed  until  the  two  premolars,  which  succeed  it  in  Uie 
row,  ar«  cut,  so  that  it  breaks  the  otherwise  regular  order  of  eruption.  The  Isi 
molar  is  sometimes  popularly  known,  owing  to  the  date  of  its  eruption,  as  the  "  sis- 
year-old  tooth,"  and  the  2nd  molar  as  "  the  twelve-year-old  tooth  " 

The  dates  at  which  the  eruption  usually  takes  place  may  be  simply  stated  .v 
follows  for  the  lower  teeth ;  those  of  the  tipper  jaw  appear  a  little  later ; — 

Ist  molars  appear  soon  aiter  the  6th  year. 

Central  incisors  appear  soon  after  the  Vtb  year. 

Lateral         „  „  „  8th     „ 

Ist  premolar  „  „  9th     „ 

2nd  „  „  „  10th     „ 

Canine    „  „  „  11th    „ 

2ud  inotar  „  „  12th     „ 

3rd      „  „         from  the      17th     „    to 

Variations  is  the  Number  of  the  Teeth.— Thu  presence  of  an  additional  tooth  is  br  no 
iiieauB  uncommon.  It  may  ajipear  in  coimeiion  with  the  incisor,  premolar,  or  the  uiolar  givii|". 
Windle  very  properly  draws  a  dii!tiiii:tlon  between  "supernumerary"  or  imperfect  addiliunn  lu 
the  dentition  and  "supplemental"  ttcth  which  coneepond  in  size  with  those  wiih  which  il'-y 
are  aiv<ociat«d.  Wheu  a  supplemental  incisor  apj>cars  it  has  an  interesting  lii'aring  ujiiin  ihi 
solution  of  the  mncli -debated  point  as  to  which  incisor  has  disappeared  from  the  jinuial'' 
dentition.  The  addition  of  a  third  premolar  may  be  looked  upon  as  a  reversion  to  Ihe  ciindiiii-ii 
prevent  in   the  Nrw  World  Aiitai  and  the  Lemurs.     The  presence  of  a  fourth   molar  has  d<j[ 


iiifrt'<iuently  been  observed,  and  recently  it  has  formed  the  subject  of  an  instructive  and  eu^-s- 
tive  lajMir  by  J.  T.  Wilson  (Jwum.  Aniit.  and  Pkyi.,  vol.  mix.  part  ii.). 

The  Milk  Teeth. 
The  decidnoQB,  temporary,  or  milk  teeth  (dentes  decidui)  are  twenty  in  nuulvr. 
ten  above  and  ten  lielow,  or  five  in  each  half  of  each  jaw — namely,  two  incisors,  tme 
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canine,  and  two  molars.     They  may  be  distinguished  from  the  permanent  teeth 

by  their  smaller  size,  their  well-marked  and  constricted  necks,  and,  in  the  case  of 

the  molars,  by  the  wide  divergence  of  their  roots  (Fig.  725).      Otherwise  they 

correspond  so  closely  to  the  same  named  teeth  of  the  permanent  set,  that  they 

require  no  separate  description,  except  in  the  case  of  the  molars.     The  first  upper 

molar  has  but  three  cusps  on  its  crown — two  external  and  one  internal ;    the 

first   lower   molar  has    four — 

two  external  and  two  internal,  \  _ 

and    the   crowns   of   both   are  ^^^^^^  (^^      ^8ftk     2nd  mour 

flattened    from    side    to    side.        ,^te«i  indoor    *  "^  ^W      TSP"""'"" 

The  second  molars  of  the  upper  central  inciaor    \  ^^  ™ 

jaw   have    four,   those   of    the  ^ 

lower  jaw  five  cusps  each.     In 

every  case  the  second  are  much       

larger    than   the    first   molars,      i^^      #'^      CB        v-t  M      §    S — *"**  "»<>**'• 

The  cusps  are  sharper  and  are 

separated    by    deeper    fissures 

or    foss%   than    those    of    the       \J       ^M       %  ii       I  kM     \  '^  ^L    ..2nu  moiar 

permanent    teeth,    whilst    the 

roots     of     the     milk     molars, 

except    for    their    greater    di-  cental  inciaor^ 

v;ergence,  agree  with   those   of     i^^„,  ^^^^^  ^^^      ^^^     2i.d  .uoiar 


Sb  ^P 


the  permanent  set.  canine  |3B^      ^^^B     ^'^^^ 

The  marked  constriction  at  the  ist  molar 

of   enamel    on    the    crown,   and    its  ^®  masticating  surfaces  of  the  two  upper  molars  are  shown  above. 

abrupt  termination  as  the  neck  is  ^°  ^^^  *^^'*^  ^°^  *^®  "PP*'"  ^®^^  ***  ^»®^®*^  '™"*  ^*'**  ^^^^"^ 

reached.     The  enamel,  too,  is  much  f  l»^ial  «de-     ^^  the  third  row  the  lower  teeth  are  Bhown 

whiter  as  a  rule  than  in   the  ner-  *  similar  manner;  and  below  are  the  masticating  surfaces 

*  4.     *"u       Ti.    u     ij   u       -/i  J  of  the  two  lower  molars.     In  the  specimen  from  which  the 

manent  teeth.     It  should  be  added  g^^             ^o,„  ^„  ^^^^  ^^,^  ^^  ^„^^  ^^  buccal  cusps 

that  the  labial  surface  of  the  canines  ^^^^  not  distinctly  separated,  as  is  often  the  case. 

and  molars  departs  very  markedly 

from  the  vertical  ;  it  slopes  strongly  inwards  towards  the  mouth  cavity  as  it  approaches  the 

grinding  surface  of  the  crown,  which  latter  is,  as  a  result,  much  reduced  in  width. 

The  divergence  of  the  fangs  in  the  milk  molars  allows  the  crowns  of  the  permanent  premolars 
to  fit  in  between  them  before  the  milk  molars  are  shed. 

Structure  of  thb  Teeth. 

As  mentioned  above,  the  teeth  are  composed  of  three  special  tissues,  enamel,  dentine, 
and  crusta  petrosa,  in  addition  to  the  pulp  which  occupies  the  tooth  cavity.  The  chief 
mass  of  the  tooth  is  formed  of  dentine,  which  surrounds  the  pulp  cavity  and  extends  from 
crown  to  root ;  outside  this  is  a  covering  of  enamel  on  the  crown,  and  a  layer  of  crusta 
petrosa  or  cement  on  the  root. 

The  enamel  (substantia  adamantina)  is  the  dense,  white,  glistening  layer  which 
forms  a  cap,  thickest  over  the  cusps,  for  the  portion  of  each  tooth  projecting  above  the 
gum  (Fig.  718).  At  the  neck  it  ceases  gradually,  being  here  slightly  overlapped  by  the 
crusta  petrosa. 

It  is  composed  chiefly  of  phosphate  and  carbonate  of  lime  (phosphate  of  calcium  89*82  per 
cont,  carbonate  of  calcium  4*37  per  cent,  magnesium  phosphate  1'34  per  cent,  a  trace  of  calcium 
fluoride,  other  salts  '88  per  cent),  and  has  generally  been  considered  to  contain  about  3-6  per  cent 
of  organic  substance  ;  out  this  Tomes  has  recently  shoHH  to  be  inaccurate :  "  That  which  has 
lieretofore  been  set  down  as  organic  matter  is  simply  water  combined  with  the  lime  salts. 
Enamel  is  to  be  regarded  as  an  inorganic  substance  composed  of  lime  salts,  which  have  Iwen 
deposited  in  particular  patterns  and  formed  under  the  innuence  of  organic  tissues,  which  have 
themselves  disappeared  during  its  formation." 

Enamel  consists  of  calcified  microscopic  prisms  (prismata  adamantina),  radiating  from 
the  surface  of  the  dentine,  on  which  their  inner  ends  lie,  to  the  surface  of  the  crown, 
ou  which  they  terminate  by  free  ends.  These  prisms  are  hexagonal  in  shape,  solid,  and 
of  considerable  length,  for  most  of  them  reach  from  the  dentine  to  the  surface  of  the  crown 
without  interruption.  The  prisms,  which  are  calcified  themselves,  are  held  together  by  the 
smallest  possible  amount  of  calcified  matrix  (Tomes).     In  old  teeth  the  cap  of  enamel  is 
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often  worn  away  over  the  cusps,  the  dentine  is  then  exposed,  and  is  easily  recognised  by 
its  yellowish  colour,  which  contrasta  strongly  with  the  whiteness  of  the  enamel. 

Whilst  adjacent  enamel  prisms  are  in  general  parallel  to  one  another,  they  do  unt 
usually  take  a  straight,  but  rather  a  wavy  course,  and  in  alternate  layers  they  are  otkn 
inclined  in  opposite  directions,  thus  giving  rise  to  certain  radial  striations  seen  bv 
reflected  light  (Schreger's  lines).  Certain  other  pigmented  lines,  more  or  less  paTallcl  to 
the  surface,  are  also  seen  in  the  enamel  {brown  atriie  of  Retzius).  They  are  due  to  true 
pigmentation  (Williams),  and  mark  the  lines  of  deposit  of  the  enamel  during  its  develop- 
ment. The  enamel  prisms  are  more  or  less  tubular  in  certain  animals — viz.  in  all 
maisupiala  except  the  wombat,  in  the  hyrai,  certain  insectivoro,  and  certain  rodents. 

Kasmyth's  membrane  (enamel  cuticle)  is  an  extremely  thin  (^ji^o-trQ  of  an  inch) 
cuticular  layer  which  covers  the  enamel  of  recently-cut  teeth,  and  is  very  indestructible, 
resisting  almost  all  reagents.  Two  chief  views  are  held  as  ta  its  origin.  One  that  it  i» 
the  last  formed  layer  of  enamel,  which  has  not  yet  been  calcified,  and  therefore  the  final 
product  of  the  enamel  cells.  The  other  that  it  is  produced  by  the  outer  layer  of  cells  of 
the  enamel  organ.     This  latter  seems  to  be  the  more  probable  view. 

Dentine  (substantia  ebumea)  is  the  hard  and  highly  elastic  substance,  yellowisli 
white  in  colour,  which  forms  the  greater  part  of  the  maas  of  every  tooth  (Fig.  T26), 
Like  the  enamel  it  is  highly  calcified,  but  ii 
differs  from  enamel  in  containing  a  very  con 
siderable  amount  of  organic  matter  and 
water  incorporated  with  its  solts,  which  arc 
chiefly  phosphate  and  carlxinate  of  lime. 

Fre«h  human  dentine  contains  10  p«T  cent  of 
Cnpwn  water,  28  per  cent  of  organic  and  62  per  wnt  of 

inorganic  material.  The  organic  matt^^r  is  ram- 
posed  chiefly  of  collagen,  and  to  a  less  eitent  of 
elastin.  The  organic  matter  consists  nf  ''1 
catcinm  phosphate  (with  a,  trace  of  fluoride),  i'i 
calcium  carbonate,  and  (3)  magnesium  phoephnic. 
the  percentages  present  in  dried  denliue  In-inf! 
6675,  3-36,  1-08  tespectively. 

Muck 

Dentine  consists  of  a  highly  ealoifie'l 
oi^anic  matrix,  which  is  itself  practicallv 
structureless,  although  everywhere  traveled 
by  tubes — the  dentiiul  tabes— which  giv 
to  this  tissue  a  hnoly  striated  appearance, 
the  strise  usually  running  in  wavy  liiit^. 
The  dentinal  tubes  begin  by  open  mouths  on 
Uom  the  wall  of  the  pulp  cavity,  whence  they  nm 

an  undulating,  and  at  the  same  time  a  sonie 
what  spiral  course,  towanls  the  periphery  nf 
the  dentine.  They  give  off  fine  annstomoMJiiK 
branches,  and  occasionally  divide  into  twa 
Somewhat  reduced  in  size,  they  usually  end  in 
the  outer  part  of  the  dentine. 

The    tubules  are    generally    described    »f 

lieing  lined  by  special  sheaths  (dentinal  sheallis 

(.■M.'nicircrii-i.iiwinmi  \  ^j    Neumann)  which  are  composed  of  a  mosi 

resistant   material,  and  possibly  arc  calcifieii, 

^'     It   should    be    mentioned    that   the    presenn' 

of   these   sheaths    as   separate    stnicturen    i- 

iloubted  by  some  authorities,  who  hold  that  the  part  described  as  the  sheath  in  only  a 

modified  portion  of  the  dentinal  matrix  surrounding  the  tubules. 

The  dentinal  tubules  are  occupied  by  processes,  prolonged  from  the  outermust  cells  nf 
the  pulp — the  odontoblasts.  These  processes  arc  called  after  their  discoverer,  Tontei 
fibrils  (dentinal  fibrils),  and  they  are  probably  sensory  In  function. 

Thp  concentric  Udm  of  Scbreger,  frequently  seen  in  the  dentine,  ore  dm- lu  l«nds  insiuti*-!''' 
ilfiitiiial  tubes  taking  place  along  regular  lined  parallel  to  the  periphery  of  the  dentine-  Oih>  r 
lini-!  (thi!  incremenliil  linw  of  Snllvr),  diit;  to  imperfect  calcification,  are  found  arching  «ctii»  th. 
.substance  nf  tbii  dentine,  i^hiefly  in  the  cmwn.  There  raunt  hIho  be  mentioned  the  inUTflobalV 
■IMces,  intervals  left  in  the  dentini',  an  a  result  of  imperfect  calcification,  hounded  by  th«  fDlli 
calcified  Hurronnding  dentine,  the  con  ton  r  of  which  is  in  the  formof  anumberof  Mnsll  pwj«l"np 
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globules  of  dentine.     These  interglobular  spaces  are  ver}*^  numerous  in  the  outer  or  'Agranular 
layer  "  of  the  dentine,  j)articulai4y  beneath  the  oementum  (see  Fig.  726). 

The  crusta  petrosa  or  cementum  (substantia  ossea)  is  a  layer  of  moditied  bone 
which  encases  the  whole  of  the  tooth  except  its  crown.  It  begins  as  a  very  thin  stratum, 
slightly  overlapping  the  enamel  at  the  neck.  From  this  it  is  continued,  increasing  in 
amount,  towards  the  apex,  which  latter  is  formed  entirely  of  this  substance.  It  is  relatively 
less  in  amount  in  the  child,  and  increases  during  life.  In  places  the  dentine  seems  to 
pass  imperceptibly  into  the  crusta  petrosa  (the  ** granular  layer''  of  dentine  marking  the 
junction  of  the  two,  see  Fig.  726),  and  some  of  the  dentinal  tubes  are  continuous  with 
the  lacunse  of  the  cementum.  Like  true  bone,  it  is  laminated,  it  possesses  lacunee, 
caualiculi,  and,  when  in  large  masses,  it  may  even  contain  a  few  Haversian  canals. 

The  tooth  pulp  occupies  the  pulp  cavity  and  the  root  canals  of  the  teeth.  It  is 
composed  of  a  number  of  branched  connective  tissue  cells,  the  anastomosing  processes 
of  which  form  a  fine  connective  tissue  network,  containing  in  its  meshes  a  jelly-like 
material,  in  addition  to  numerous  vessels  and  nerves,  but  no  lymphatics.  The  most 
superficial  of  these  cells  form  in  the  young  tooth  a  continuous  layer  of  columnar, 
epithelium -like  cells,  lying  on  the  surface  of  the  pulp  against  the  dentine;  they  are 
known  as  odontoblastB,  for  they  are  the  active  agents  in  the  formation  of  dentine.  From 
the  outer  ends  of  the  odontoblasts  processes  are  continued  into  the  dentinal  tubes,  where 
they  have  been  already  referred  to  as  Tomes'  fibrils.  The  vessels  of  the  pulp  are 
numerous,  and  form  a  capillary  plexus  immediately  within  the  odontoblasts.  The  nerves 
form  rich  plexuses  throughout  the  pulp,  but  their  exact  mode  of  ending  is  unknown. 

The  alveolar  periosteum  (alveolo-dental  periosteum  or  rootrmembrane)  is  a  layer 
of  connective  tissue  free  from  elastic  fibres,  but  well  supplied  both  with  blood-vessels  and 
nerves,  which  fixes  the  root  of  the  tooth  in  the  alveolus,  being  firmly  united  by  perforat- 
ing fibres  of  Sharpey,  to  the  crusta  petrosa  on  the  one  hand,  and  to  the  bone  of  the 
alveolus  on  the  other.  It  establishes  a  communication  between  the  bone  of  the  jaw 
and  the  cementum,  and  above  it  is  continuous  with  the  tissue  of  the  gum.  Its  blood 
comes  chiefly  from  the  arteries,  which  subsequently  enter  the  apical  canals  for  the 
supply  of  the  pulp,  but  in  part  also  from  the  vessels  of  the  bone  and  those  of  the  gum 
(hence  the  relief  obtained  in  dental  periostitis  by  lancing  the  gum). 

Development  of  the  Tbeth. 

At  the  beginning  of  this  chapter  a  tooth  was  described  as  a  calcified  papilla  of  the 
raucous  membrane,  composed  of  two  chief  parts — 
namely,  the  enamel  formed  by  the  epithelial  layer, 
and  the  dentine  by  the  connective  tissue  layer  of  the 
mucous  membrane.  The  details  of  the  process  by 
which  such  a  tooth  is  developed  from  the  two  layers 
of  the  mucous  membrane  are  both  numerous  and 
intricate,  and  can  be  but  briefly  described  here. 

In  lower  vertebrates  (sharks,  rays,  etc.),  teeth 
which  correspond  essentially,  both  in  structure  and 
development,  to  those  of  mammals,  are  found  on  the 
surface  of  the  body,  and  are  known  as  dermal  teeth. 
The  following  outline  of  the  development  of  the  dermal 
tooth  of  a  shark  may  assist  in  rendering  the  de- 
velopment of  the  human  teeth  more  intelligible  : — 

First,  a  papilla  is  fonned  from  the  corium  or  con- 
nective tissue  layer  of  the  skin  (Fig.  727,  B),  which 
papilla  is  covered  over  by  the  epithelial  layer. 

Next  the  superficial  (connective  tissue)  cells  of 
the  papilla  begin  to  form  a  layer  of  dentine  on  the 
surface  of  the  papilla  (Fig.  727,  C),  which  it  soon 
encases,  the  remains  of  the  papilla  persisting  in  the 
interior  as  the  future  pnlp.  At  the  same  time  the 
deepest  cells  of  the  epithelium  deposit  a  layer  of 
enamel,  outside  the  dentine,  over  the  summit  of  the 
papilla  (Fig.  727,  C),  and  subsequently  the  two — 
enamel  and  dentine — become  inseparably  united,  thus 
giving  rise  to  the  substance  of  the  tooth. 

At  a  later  period  the  epithelium  covering  the  summit  disappears  and  the  tooth  comes 
to  the  surface ;  this  constitutes  its  emption  (Fig.  727,  D). 
69 
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A,  Section  of  gkiii 
Mhowiug  epithelium 
f,  baHeinent  iiieni- 
brane  6,  and  connec- 
tive tissue  layer  c. 

B  shows  the  papilla  of 
the  connective  tissue 
layer  growing  up 
coverecl  by  the  epi- 
thelial layer. 


In  C  the  8uperflcial  cells 
of  the  papilla  z  begin 
to  deposit  dentine  d 
over  the  papilla,  and 
at  the  same  time  the 
deepest  cells  of  the 
epithelium  deposit 
enamel  (r. 


D  shows  the  tooth 
breaking  through 
the  epithelium  and 
reaching  the  surface. 


Fill.    727. — DiAOHAM   TO   ILU'STRATE  THE 

Development  of  a  Dermal  Tooth 
IN  the  Shark. 


In  all  tigurps — a,  enamel ;  b,  basement  mem- 
brane ;  r,  connective  tissue  layer  of  skin  ; 
d,  dentine  ;  r,  epitlielium  ;  and  g,  superficial 
cells  of  iMipilla. 
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In  the  case  of  the  Dittinmaliau  tooth  a  similar  prctcess  takes  place,  uot,  however,  on  the 
surface,  but  deep  down  in  the  eubatance  of  the  gum,  into  which  a  downgrowth  of  epilhc! 
ium  has  previously  takeu  place.  This  epithelial  downgrowth  spreads  out  in  the  subeUmi'r 
of  the  jaw,  and  into  it  the  papilla  grows  up,  and  goes  through  the  otber  changes  de»crib«d 
above,  as  if  the  whole  process  took  place  on  the  surface. 

Development  of  Human  Teeth.— The  following  is  a  brief  summary  of  the  chisf 
events  in  the  development  of  a  hiimaD 
tooth  For  convenience  in  eipresKion 
and  terms,  the  description  refers  Co  the 
development  of  a  lower  tooth.  TLv 
upper  teeth  are  of  course  developed  in  h 
manner  exactly  similar. 

1  The  first  distinct  evidence  of  the 
development  of  the  teeth  is  to  be  found 
in  a  thickening  of  the  mouth  epitheliuiu, 

''uf"ih",fI'Ali'"''nn«rd7t-  *'  '***  *''*  "^  ^^^  future  gum,  and  arc- 

tnvsBi.iiiiiin.  I  ^    Suiting  downgTOwth  of  its  deeper  purtiuu 

into  the  substance  of  the  primitive  jui 

(Kig.   728,    L).      This  epithelial  douu 

III.  Ti.penBiiieig^nuisi.iorp  gTOwth  18  Continued  along  the  whult 
invigiiiiwi,  and  ii«  inner  length  of  the  gum,  and  is  known  aa  the 
coCnuf.  "'%•>  iiuM  deittalUiiiliuiortootli-buid(ZahDleiBt«k 
taiHLiij^pwii  thiniwr,  but  On  the  under  surface  of  the  dental  laijiioi 
Kii:e  iiirn  la  sn  enisi^.  ]tt  there  soon  appears  a  series  of  knob-titi 
MTVB  ■Snli^rf'K'rrSIuifM  I  projections — oue  for  each  of  the  mill 
i«*ii*'nie»iipef«ei.i(»ii,i  teeth  (Fig.  728,  11.) — which  are  kno^L 
tei™Hi'n""or«rmr!*  ^"*                                            as  enamel   gonna  or    enamel   orpiit 

These  enamel  organs  are  connected  •iii 

^^''^^■^^^^"^— f  the  epithelium  of  the  dental  lamina  bv  i 

constricted  part,  and  although  at  hr-i 

IV.  The  inner  coiiiiiiiiaT  cells  "  kuob-like,  they  soon  become  bell-shaiiiJ 
riiiiiirlvi<]i>)Ah>irsrunnni  1  ownig  to  the  invagmation  of  the  i(i*t'. 
twp^liiBlSSrBp'iii  wu'  IV  . '  surface  of  the  knobs,  so  that  eacli  nut 
of  tbn  MpiUJ^  Uw  oiiontd-  uow  be  compared  to  an  iuvert4.>d  ^g-cui' 
hl"!^«fle^"  D.'""'^  ■          '                              ■■  2.  As  soon    as   the    enamel  urgau- 

begin  to  assume  a  cup-like  shape,  it> 
cellular  connective  tissue  of  the  )>• 
beneath  grows  up  and  projects  iuU>  il» 
cavity  of  the  cup  (Fig.  728,  111.)  in  lif 
form  of  a  papilla— the  dentine  peinll> 
I    . ',  (papilla     dentis).        The    urraugeDu:i'.. 

v.^KiioMi.  B  iiiuro  mivB.iiMi  I  pursuing  our  aimilc,  may  now  be  e-m- 

•'iruuiia  iu'eitciMi'i hallow ii.       ,■ ' ,  pared  to  au  egg  fitting  into  its  cup— iL^ 

w'llta  ta 'JoS'.r'tbJ'n.tH™  "  \--  dentine  papilla  representing  tliecgg,an.i 

pulp,  in  wiiicii  a  veMKj]  V        ' ,  the  enamel  organ  the  cup  (Fig.  72P,  III-' 

'"  '*™-  I  3.  The  two  layers  of  cells  which  »n 

thus  brought  in   contact,    namelv,  it- 
epithelial   cells  lining  the  coocaviu  ik 
the  enamel  oi^n,  and    the  HU[>ertiiul 
cells    of    the    dentine    papilla,    beciji^c 
elongated    or    columnar,    aud    undtr^i- 
A.l..n«ii.j.r»tri.,i„^i  wrm:  B.o..i»r].v«^c,  R»uuiii-of  Other  changes,  preliminary  to  ttie  ^i- 
K'^ni^huH*-  K'<'r'i!Mii"i"'^'"'''-  e'''  k""""'!-''?'"?'  ui  '^"*^''''"  **^  ^^^  enamel  by  the  fonuer— 
fuiTuw :'"i" b,  Lii'i.i,^™'luii''(u'i?.™ ; "it  (to!lNectiv9  i^Mne  which  are  now  called  esantel  cell*  •" 
r-tmiv;^!^':;-;!^"' '■' '''""''^ '"'■'"''■  '^"- ''""'''  ameloUMte— and    the   dentine  U  '1^'' 
latter,  which  are  known  as  odontobluti^ 
i.  The  odontoblasts,  that  is  the  layer  of  columnar -shaped  connective  tissue  ivL- 
lyiiii:  on  the  surface  of  the  dentine  papilla,  begin  to  form  at  theb"  outer  cuds  a  lav^r  >'f 
dentine  (Fig.  728,  IV.).     Similarly,  the  enamel  cells  lining  the  cup  b^n  to  form  «t  ibii' 
inner  surface  a  layer  of  enamel  on  the  top  of  the  layer  of  deutine  (Fig.  728,  IV.),  to  •tii'*'' 
it  adheres:  in  each  cane  the  deposit  taking  place  first  at  the  summit  of  the  tooth. 

5.  The  formation  of  dentine  aud  enamel  proceeds  apace,  the  dentine  incrcaainn  at  tbf 
ex|>cn!ic  of  the  |)upilla,  the  enamel  similarly  encroaching  on  the  cup  or  euaniel  urjpu'  ■ 
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and  in  each  case  the  two  layers  of  cells — odontoblasts  and  enamel  cells — which  produced 
the  deposits,  retiring  gradually  from  one  another,  as  the  space  between  them  becomes 
occupied  by  the  newly-formed  dentine  and  enamel  respectively  (Fig.  728,  V.). 

The  remains  of  the  dentine  papilla  persist  as  the  piQp  of  the  tooth,  which  is  covered 
even  in  the  adult  by  the  odontoblasts,  and  occupies  the  pnlp  cavity,  i.e.  the  central  part 
of  the  tooth  to  which  the  dentine  formation  has  not  extended. 

6.  Turning  now  to  the  jaw  itself :  The  connective  tissue  of  the  gum  surrounding  the 
tooth  germ  (as  the  developing  tooth  with  its  enamel  organ  and  dentine  papilla  are  called) 
early  becomes  condensed  and  vascular  (Fig.  728,  V.),  and  later  on  forms  a  membranous 
bag — the  tootli-Bac  or  follicle — which  completely  shuts  off  the  developing  tooth  from  the 
surrounding  structures.  On  the  floor  of  this  sac  the  tooth  germ  sits,  the  base  of  its 
dentine  papilla  being  continuous  with  the  tissue  of  the  floor  of  the  sac,  and  the  young 
tooth  being  enclosed  by  the  sac,  as  a  kernel  is  enclosed  by  its  shell. 

7.  Reverting  to  the  tooth :  When  the  crown  is  completed  the  deposit  of  dentine,  but 
not  of  enamel,  is  continued  downwards  to  form  the  root.  This  latter  is  composed  chiefly 
of  dentine  continuous  above  with  that  of  the  crown,  and  like  it  formed  by  the  odontoblasts 
of  the  dentine  papilla.  As  the  dentine  is  deposited,  and  the  root  is  being  built  up,  the 
connective  tissue  of  the  tooth-sac  comes  to  surround  the  root  more  closely,  and  deposits 
on  its  surface,  after  the  manner  of  a  periosteum,  a  layer  of  bone,  the  cementtun  or  emsta 
petrosa.  The  cementum  having  been  formed,  the  connective  tissue  of  the  sac  then  per- 
sists as  the  alveolar  periosteum.  The  development  of  the  root  takes  place  very  slowly, 
aud  its  lower  end  is  not  completed  as  a  rule  for  some  time  after  the  eruption  of  the  tooth 
has  taken  place. 

8.  During  the  development  of  the  teeth  the  ossification  of  the  jaw  has  been  going  on, 
and  as  it  grows  up  on  each  side,  the  young  teeth,  enclosed  in  their  tooth-sacs,  come  to  lie 
in  an  open  bony  groove,  which  is  subsequently  divided  by  septa  into  compartments — the 
alveoli — for  the  individual  tooth-sacs.  The  bone  continuing  to  grow  after  birth,  these 
compartments  become  more  perfect,  but  are  never  entirely  closed  in  over  the  crowns  of 
the  teeth.  During  the  eruption  of  the  teeth  the  upper  and  anterior  part  of  these  bony 
cells  is  absorbed ;  subsequently,  however,  it  is  reformed  around  each  tooth  when  it  has 
taken  its  final  position. 

9.  Eruption. — Long  before  the  root  is  completed,  the  crown,  by  some  force  which  is 
not  properly  understood,  but  which  does  not  seem  to  depend  on  additions  to  the  root,  is 
pushed  through  the  top  of  the  tooth  sac,  and — the  upper  and  anterior  wall  of  the  roomy 
alveolus  having  been  absorbed  at  the  same  time — onwards  through  the  gum  until  the 
mouth  is  reached.  Later  on,  when  the  tooth  has  assumed  its  final  position,  the  alveolus, 
as  already  stated,  is  re-formed,  and  closely  embraces  the  completed  root. 

10.  After  the  enamel  organs  of  the  milk  teeth  have  been  formed  on  the  inferior  aspect 
of  the  dental  lamina,  as  described  above,  the  neck  of  epithelium  by  which  the  lamina  is 
still  connected  with  the  surface  becomes  broken  up  into  a  cribriform  sheet.  Its  free 
posterior  border,  on  the  other  hand,  continues  to  grow  backwards  in  the  tissue  of  the 
gum  towards  the  cavity  of  the  mouth  (Fig.  728,  III.  and  IV.),  and  at  a  later  date  there 
appear  on  its  under  surface,  near  the  free  edge,  and  behind  the  several  developing  milk 
teeth,  the  enamel  organs — or  so-called  "  reserve  germs  " — for  the  corresponding  permanent 
teeth,  which  are  developed  from  these  in  exactly  the  same  manner  as  the  milk  teeth' 
described  above. 

In  connexion  with  the  development  of  the  pennanent  molars,  which  have  no  corre- 
sponding teeth  in  the  milk  set,  there  takes  place  a  prolongation  backwards  of  the  posterior 
extremity  of  the  dental  lamina  into  the  tissue  of  the  jaw,  behind  the  last  milk  molar.  On 
the  inferior  aspect  of  this  prolongation,  which  has  no  direct  connexion  with  the  surface 
epithelium,  enamel  organs  are  formed  for  the  permanent  molars,  and  their  further 
development  goes  on  in  the  manner  described  for  the  other  teeth. 

The  dates  at  which  some  of  the  chief  events  in  the  development  of  the  teeth  occur 
may  be  briefly  given : — The  thickening  of  the  epithelium,  the  first  sign  of  the  future 
teeth,  begins  about  the  sixth  week  of  foetal  life,  and  the  dental  lamina  is  completed  by 
the  end  of  the  seventh  week. 

The  dentine  papillae  for  the  eight  front  teeth  appear  and  become  surrounded  by  their 
enamel  organs  about  the  tenth  week,  and  the  papilla  for  the  first  permanent  molar  about 
the  seventeenth  week. 

The  first  traces  of  calcification,  and  the  formation  of  the  tooth-sacs,  take  place  about 
the  fifth  month  of  foetal  life. 

Eruption  of  Deciduous  Teeth. — The  period  at  which  the  eruption  of  the  milk  teeth 
takes  place  is  extremely  variable,  and  no  two  observers  seem  to  agree  upon  the  question. 
69  a 
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The  following,  according  to  Tomes,  may  be  taken  as  representing  the  average.  The 
lower  central  incisors  appear  first,  usually  between  the  sixth  and  ninth  months:  then 
follows  a  rest  of  a  few  months.  Next  come  the  four  upper  incisors,  followed  by  a  rest  of 
a  few  months.  Then  the  lower  lateral  incisors  and  the  four  first  molars  erupt,  succeeded 
by  a  rest  of  a  few  mouths.  Next  appear  the  canines,  and  finally  the  four  second  molars, 
which  are  all  cut  by  the  end  of  the  second  year. 

The  following  statement  is  simple,  and  perhaps  is  sufiScient  for  all  ordinary  purposes. 
The  temporary  teeth  usually  appear  in  the  following  order: — Central  incisors,  lateral 
incisors,  first  molars,  canines  and  second  molars;  the  eruption  commences  between  the 
sixth  and  the  ninth  month,  and  is  usually  completed  by  the  twenty-fourth — the  lower 
teeth,  as  a  rule,  preceding  the  upper. 

Formation  of  Enamel  and  Dentine. — Difi'ereut  opinious  are  held  as  to  the  methud  in  w]ii<b 
the  enamel  is  produced  by  the  enamel  cells.  One  view  maintains  that  it  is  set-reted  and  sht-d 
out  by  the  enamel  cells  ^Kolliker).  According  to  the  other  view,  part  of  the  substance  of  tlie 
cells  is  actually  convertea  or  transformed  into  enamel  (Tomes).  In  connexion  with  this  latit-r 
view,  which  seems  to  receive  more  support  at  present,  Tomes  has  discovered  that  there  proje<t,< 
from  the  base  of  each  enamel  cell,  towards  or  into  the  most  recently  formed  enamel,  a  fibrillar 
process,  which  has  received  the  name  of  Tomes'  process,  and  he  holch^  that  the  enamel  is  form<Ki 
oy  calcification  t^iking  place  in  or  ai'ound  the  process. 

Similaiiy,  two  views  are  held  as  to  the  pi-oduction  of  dentine  by  the  odontoblasts ;  one,  that 
the  odontoblasts  secrete  the  matrix  of  the  dentine,  and  the  other,  that  their  substance  is  actually 
converted  into  the  matrix.  The  odontoblasts,  when  active,  are  branched  columnar-shaped  tells 
and  from  their  outer  ends  one  or  more  processes  extend  towards  and  into  the  dentine ;  betwtm 
these  processes  a  matrix  appears — produced  probably  by  the  odontoblasts — and  soon  this  matrix 
becomes  calcified.  In  this  way  the  dentine  is  formed,  and  the  process  is  repeated  until  iUs  full 
thickness  is  attained.  The  branches  of  the  odontoblasts,  encased  in  dentine,  just  mentiontni,  art 
the  Tomes'  fibrils  already  described  ;  the  canals  in  which  thev  lie  are  the  dentinal  tubes ;  and  the 
fibrils  themselves  are  concerned  in  the  production  of  the  sheaths  of  Neumann  which  line  the  tul*-. 

The  tooth-sacs,  when  fully  developed,  are  large  and  distinct  fibrous  bags  which  lit* 
in  the  alveoli  of  the  maxilla  and  mandible,  and  are  continuous  above  with  the  tissue  <»! 
the  gum.  On  the  lingual  side  of  the  sacs  of  the  milk  teeth  are  found  the  germs  of  the 
permanent  teeth,  surrounded  by  their  own  sacs.  These  latter  are  at  first  very  small,  and 
are  i)artly  embedded  in  the  posterior  wall  of  the  temporary  tooth-fiacs,  but  subsequently 
they  come  to  lie  in  distinct  but  incomplete  bony  cavities  of  their  own.  The  bone  sur- 
rounding the  tooth-sacs,  temporary  and  permanent,  is  always  wanting  over  the  suuunit  ot 
the  sac,  and  the  band  of  connective  tissue  by  which  the  sac  is  connected  with  the  over- 
lying gum  tissue,  through  the  deficiency,  is  known  as  the  gnbemacnlnm  dentiB. 

These  points  are  easily  demonstrated  on  the  lower  jaw  of  a  child  at  birth,  particularly 
when  the  tissues  have  been  allowed  to  soften  a  little.  If,  in  such  a  specimen,  the  gum 
and  periosteum  be  reflected  upwards  from  the  outer  and  inner  surfaces  of  the  mandibk, 
and  freed  as  far  as  the  upper  border  of  the  jaw,  the  gum,  with  the  tooth-sacs  dependiD^r 
from  it  like  small  bags,  can  be  pulled  away  out  of  the  bony  groove  of  the  jaw ;  and  if  the 
operation  has  been  successfully  performed,  the  tooth-sacs  of  the  three  front  |)ermaneut 
teeth  may  be  seen,  varying  in  size  from  a  small  pin's-head  to  a  hemp-seed,  hanging  down 
behind  the  upper  part  of  the  corresponding  temporary  sacs.  As  already  explained, 
the  tooth-sacs  are  produced  simply  by  a  condensation  of  the  connective  tissue  aroiiud 
the  developing  tooth,  the  condensation  going  on  to  the  formation  of  a  distinct  mem- 
branous bag. 

Formation  of  Alveoli  and  Eruption. — At  first  the  developing  teeth  lie  in  an  open 
bony  groove  or  channel  between  the  outer  and  inner  plates  of  the  young  jaw.  This 
groove  is  subsequently  divided  up  into  separate  compartments  for  the  sacs  of  each  of  the 
temporary  teeth.  As  development  proceeds  these  compartments  or  alveoli  surround  the 
sacs  more  completely,  but  never  actually  close  over  the  summit.  When  the  eruption  <>f 
the  temporary  teeth  is  about  to  take  place,  the  anterior  wall  and  roof  of  the  alveolus  are 
absorbed ;  the  tooth  passes  through  the  sac  and  appears  above  the  gum,  and  then  the 
alveolus,  which  up  to  this  was  much  too  large  to  give  actual  support,  is  re-formed  nn»rv 
closely  around  the  tooth.  Meanwhile  the  root,  which  was  only  partly  fonne<l  at  the  tiim* 
of  the  eruption,  continues  to  be  added  to,  possibly  for  a  few  years  more,  and,  as  it  ^>«s 
the  alveolus  is  completed  around  it.  When  the  permanent  tooth,  or  as  much  of  it  a-* 
is  then  formed,  is  about  to  be  erupted,  it  makes  its  way  from  its  own  bony  cell  through 
the  posterior  wall  of  the  alveolus  of  its  temporary  predecessor ;  the  root  of  the  tempowry 
tooth  undergoes  absorption  at  the  same  time,  but  quite  independently  of  pressurv  from 
the  permanent  tooth.  The  alveolus,  now  occupied  by  both  teeth,  is  again  much  enUn.'t''J 
by  absorption,  particularly  in  front ;  what  remahis  of  the  temporary  tooth  is  shed :  il^^ 
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penuauent  tooth  passes  onwards  through  the  enlarged  alveohis,  and,  makuig  its  way  to 
the  surface,  appears  above  the  gum.  After  some  time,  when  the  tooth  has  taken  its  final 
position,  the  alveohis  is  again  re-formed,  first  around  its  neck,  and  later  on,  as  the  root  is 
built  up,  around  it  also,  and  thus  the  tooth  is  permanently  fixed. 

What  the  force  is  which  causes  the  eruption,  is  a  question  that  has  not  been  answered 
satisfactorily.  That  the  growth  of  the  root  pushes  up  the  crown  was  formerly  the 
favourite  explanation.  For  several  reasons,  unnecessary  to  detail,  this  view  is  now  dis- 
carded, and  a  theory  which  attributes  the  impelling  force  to  the  blood  pressure  is  looked 
upon  with  more  favour,  although  even  this  is  not  altogether  satisfactory.  (See  Tomes' 
Dented  Anatomy^  5th  Edition,  page  211.) 

Morphology  of  the  Teeth. 

In  most  vertebrates  below  mammals  all  the  teeth  are  alike  in  form  ;  such  a  dentition  is  said 
to  be  homodont  In  the  majority  of  mammals,  on  the  other  hand,  the  teeth  are  arranged  in 
groux)s  of  different  size  and  form ;  such  a  dentition  is  heterodont. 

Again,  mammals  have,  neglecting  exceptional  cases,  but  two  functional  sets  of  teeth  ;  they  are 
consequently  said  to  be  diphyodont.  Most  vertebrates  below  mammals,  on  the  other  hand,  have 
a  continuous  succession  of  teeth  throughout  life,  and  hence  are  said  to  be  polyphyodont 

Seeing  that  practically  all  lower  vertebrates  are  provided  with  simple  conical  teeth,  the  evolu- 
tion of  the  many-cusped  mammalian  molar  has  given  rise  to  much  speculation.  The  jaws  of  the 
earliest  fossil  mammals  found  are  furnished  with  tri- tubercular  teeth,  the  three  tubercles  being 
placed  in  an  antero-nosterior  line ;  by  a  rotation  of  two  of  the  cusps  out  or  in,  as  the  case  may 
be  (a  condition  founci  in  certain  other  fossil  skulls),  we  arrive  at  a  tri-tubercular  form,  from  which 
the  transition  to  an  ordinary  mammalian  molar  is  not  difficult  As  to  how  the  tri-tubercular 
tooth  arose  from  the  simple  cone,  two  different  views  are  advanced  :  one,  that  it  was  formed  by  the 
union  of  several  conical  teeth  as  a  result  of  the  shortening  of  the  jaw  and  the  crowding  of  the 
teeth  together ;  the  other,  that  the  single  conical  tooth  developed  on  its  crown  two  subsidiary 
cusps,  one  in  front  and  the  other  behind,  and  that  these  cusps  growing  larger,  the  tooth  assumed 
the  tri-tubercular  form. 

The  complete  or  typical  mammalian  dentition,  in  its  highest  development,  as  in  the  horse,  is 
represented  by  the  following  formula  :  i,  y,  a  \,  pm.  ^,  m.  ^=44.  In  the  dentition  of  man,  there- 
fore, one  incisor  and  two  premolars  are  wanting.  Different  views  are  held  as  to  which  teeth 
have  been  suppressed — most  probably  they  are  the  second  incisors,  and  the  first  and  second  or  first 
and  last  premolars. 

In  general  it  may  be  said  that  the  dentition  of  the  lower  races  differs  from  that  of  the 
higher,  in  that  the  dental  arches  are  squarer  in  front,  the  teeth  larger  and  more  regular,  the 
canines  stronger,  the  wisdom  teeth  better  developed,  and  the  cusps  on  the  molars  more  perfect,  in 
the  lower  than  in  the  more  civilised  races.  It  may  be  mentioned,  however,  that  the  teeth  of  a 
savage  man^  if  seen  in  the  mouth  of  a  European,  would  be  looked  upon  as  an  '*  exceedingly 
perfectly-formed  set  of  teeth  "  (Tomes). 

To  express  the  proportionate  size  of  the  crowns  of  the  premolars  and  molars  to  that  of  the 
skull  in  different  races,  Flower  compared  the  distance  from  the  front  of  the  first  premolar  to  the 
back  of  the  last  molar,  in  sitUy  with  the  distance  from  the  front  of  the  foramen  magnum  to  the 
naso-frontal  suture  (basi -nasal  length),  in  the  form  of  a  "  dental  index  '* — 

Thus-  —^-^^^^^5^" --Dental  index 
Basi-nasal  length  ' 

and  by  this  means  he  has  divided  the  various  races  into  microdont  (index  42  to  43,  Europeans, 
Egyptians,  etc),  mesodont  (index  43  to  44,  Chinese,  American  Indians,  Negroes,  etc),  and  macro- 
dont  (index  44  and  upwards,  Australians,  Melanesians,  etc). 

THE  PHARYNX. 

The  phaiynx  is  the  expanded  upper  portion  of  the  digestive  tube  which  lies 
behind,  and  communicates  with,  the  mouth,  the  larynx,  and  the  nasal  cavities 
(Fig.  729).  It  serves  for  the  passage  of  both  air  and  food,  conveying  the  former  to 
the  larynx  and  the  latter  to  the  oesophagus. 

It  extends  from  the  base  of  the  skull  above  to  the  level  of  the  sixth  cervical 
vertebra  below  (Fig.  730),  where,  opposite  the  lower  border  of  the  cricoid  cartilage, 
it  passes  into  the  oesophagus;  its  total  length  varies  from  5  to  5 J  inches  (12  5 
to  140  cm.). 

When  in  its  natural  state  within  the  body,  the  pharynx  is  expanded  laterally 
and  compressed  in  the  opposite  direction,  so  that  its  anterior  and  posterior  walls 
approach  one  another,  and  its  sides  are  reduced  to  little  more  than  mere  borders. 
Although  its  cavity  is  much  reduced  by  this  approximation  of  the  anterior  and 
posterior  walls,  there  is  always  left,  above  the  orifice  of  the  larynx,  a  sufficient 
69  6 
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space  for  the  entrance  of  air  to  the  lungs.  Below  the  laryngeal  orifice,  on  llie 
other  hand,  the  anterior  and  posterior  walls  are  in  contact,  and  the  cavity,  ejcejrt 
during  the  passage  of  food,  is  reduced  to  a  transverse  slit  (Fig.  V30). 

Ah  luiially  seen  in  the  dissectinK-rooni,  when  distended  for  dissection,  tlie  pharynx  is  of  an 
elonRfited  oval  form,  lApering  rapidly  belaw.  This  form,  however,  is  due  entirely  lo  the  arli- 
ficiaT  conditions  under  which  it  is  placed. 

Taken  as  a  whole,  the  pharynx  is  a  tube,  the  anterior  wall  of  which  is  wanting. 

The  place  of  this 

'iT^m'^Min.^      waU  is  occupii-d 

.ofBu.iMhi.iiiub.   bythenasal.oral, 

rE.i.urhi.i.tnhE     and  laryngeal 

cavities,  as  well 

'  ij,j,  as  by  the  base  of 

the  tongue ;  aud 
tutbiMtn.1  iwiiB       ^     jjjg     lateral 
™«.or,*.ry„x      boundariefl  of  all 
these   parts    the 
"'^  ""  sides  of  the  tubi' 

eonitriciortiiuscu  are  couuected. 
r,mfti«iRi«  In    thia   way  it 

comes  to  be  at- 
tached      from 
\  i«rjTi((PiiM  above  do  wnwarJj 

I  >iimt«  jupiiii.  to  the  followitii: 

»rmiiuiiH  more  or  less  fiied 

points: — (l)Thf 
i«ryng«i„enB  EustachiaD  tuVie 
ic«um  ajj(i      internal 

Hdfbiiic-ie  pterygoid  plalf; 

™«trlcU.r  n„iKl«      C^)    ^^^    PterVg"- 

'  maxillary     hp- 

meat,    the    pi*- 
««pigi.*ucfoid      tenor  end  of  the 
mylohyoid  ridgt 
'    "^  on  the  inner  a*- 

""" '"""  '  pect  of  the  lower 

'""*  jaw,    and    the 

r  l»r)TiB«L «rt-iy       mUCOUS     meiU- 

I uryngci  hiTve      brane    of    the 

M-pi^riuttio  roM        mouth  ;    (3)  tiu' 

rrirnmiiii  baseof  the  tongue 

r.i„«u"-on..jMX  and    the    hyoid 

™,u,trirt«rn,u«i,  bone;     and    (i) 

moid  t«tii»p!       the  thyroid  and 

cricoid  cartilages 

of  the  laryDi 

Above, it  isfinnh 

fixed  by  its  ap(>- 

nenrosis   to   tin' 

Fu:.  7.!B.— Tub  Antibioh  Wall  in-  tub  Trahynx  wrra  itb  Ohifickb,  skis        periosteum  of  the 

►  ROM  BiHiND,  basi-occipitaland 

The  jp>ec  mien  from  which  the  drawing  nan  iimUwMoW»lned  from  «  formal  in -h  unlene.  i        ,  n/.rtinn 

body,  by  removing  the  poiurior  w«ll  of  the  ph.ryni  while  lesTing  the  Miltrior  P^l^rous  poriiuu 
wall  iimliatiirbe.1.  The  following  points  shonlJ  b«  not«i]  :  the  greHtBrt  wiilth  of  of  the  temp<™ 
the  jiharyui,  »l>ove,  at  the  Uteral  recesses  ;  the  |Kwt«rior  n»re«,  with  the  inferior  bOQeS  ;  and  in 
tnrl>in«leil  bonen  neen  through  them  ;  the  levator  cushion  ;  aiid  the  pharyngeal  „  j  j  ;  •:„„  thu 
portion  of  the  longue.  aoaition        I.H1- 

raphe  of  the  «in- 

strictoFH  is  attached  to  the  pharyngeal  tubercle  of  the  occipitid  bone.  Below  it 
becomes  continuous  with  the  oesophagus.  Behind  and  at  the  sides,  the  pharrnT 
1  connected  merely  by  loose  areolar  tissue  to  the  surrounding  parts. 
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The  pharynx  presents  the  following  relations: — In  front,  as  already  deecril^d, 
are  the  nasal  cavitieB,  the  mouth,  base  of  tongue,  and  larynx,  all  of  which  ai-e  seen 
on  its  anterior  wall  {fig.  729).  Behind,  it  ia  separated  by  loose  areolar  tiaaue  (known 
as  the  retro-phurngeal  space)  from  the  prevertebral  fascia  and  muscles,  which  inter- 
vene between  it  and  the  six  upper  cervical  vertebne.  At  the  sides  are  placed  the 
carotid  sheaths  with  their  contents,  whilst  the  styloid  process  with  its  muscles, 
and  the  glosso-pharyngeal  nerve,  running  downwards  and  forwards,  form  lateral 


Fid.  730.— SAiiiniL  Sectton  thbouuh  Mouth.  Tonhdi,   Laiii.ix,  Pharynx,  asd  Nasal  CAViTt. 
The  sectioii   Is  slightly  oblique,  aiul   the  |iosterior  eilge  or  the  iiiHal   septum   has  Iwro  preaen'ed.     Ttie 
■peclmeii  is  virwed  slightly  froiu  btlow,  lieiiee  iu  p«Tt  the  low  poailion   nf  the  inferior  liirliinilod 

relations  in  it»  upper  part.  Above,  the  pharynx  is  united  to  the  basi-occipital  and 
the  petrous  portion  of  the  temporal  hones,  as  already  described  ;  and  below,  it  joins 
the  ceaophagus. 

The  cavity  of  the  pharynx  i»  widest  aliove  in  the  naao-pharynx,  immediately 
behind  the  Eustachian  tubes  (Kig.  729),  where  it  extends  out  on  each  side,  over 
the  upper  border  of  the  superior  constrictor,  in  the  form  of  a  pouch — the  lateral 
receu.  Its  width  is  also  considerable  opposite  the  upper  part  of  the  thyroid  carti- 
lage, but  it  rapidly  diminishes  below  the  laryngeal  orifice,  and  is  narrowest  at  its 
termination  in  the  oesophagus. 

The  cavity  is  interrupted  above  by  the  soft  palate,  a  movable  muscular  sheet 
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which  is  attached  in  frout  to  the  hard  palate,  and  laterally  to  the  side  walls  of  the 
pharynx.  This  sheet,  eloping  obliquely  backwards  and  downwards,  cute  into  the 
cavity  of  the  pharynx  (Fig.  730),  and,  falling  short  of  the  poBterior  wall,  incom- 
pletely dividtts  it  into  two,  namely,  an  upper  part  or  nAso-phftrynx  (pais  nasalls),  and  a 
lower  part  or  pharynx  proper,  which  ia  further  subdivided — perhaps  unnecessarilv— 
into  the  oral  pharyiiz  (pars  oralis)  lying  behind  the  mouth  and  tongue,  and  the 
iBi^mgeal  phairnz  (pars  laryngea)  behind  the  larynx. 

The   aperture   left   behind   the    soft   palate   and   the   posterior  wall  of  tin' 
pharynx,  through  which  the  naso-pharynx  communicates  with  the  lower  divisiiiTLi 


middle  turbinawl 
twae 

rhnryngeal  toiiaH 
tntmniofUlgliiiHirr 


Ultfl 


Fm.  731. — Thk  Naso-fhibyni  khou  ire  Front, 

A  coroiml  scelioD  »'u  iiiiidi'  Ihrougli  ILe  up|H^r  pnrt  nf  Ihs  lieul ;  lliii  (iuhkI  imnieiliiil«]y  in  rrtrni  'J 
the  posterior  edge  of  the  uLsal  aeptimi,  and  eilendeil  into  th«  mouth  below.  Through  tlif  |">.trn.i 
usr«!j  tht  UHSo-iiharyui  19  KcD.  The  pruuiiDeni-e  of  the  posterior  niugin  of  lilt  Eu^tachiau  util  - 
■ud  thi:  lymphoid  iiiHlules  couxtituliug  the  phiiyngcal  tousil,  should  be  not«l.  The  palatini:  irltv 
the  touiiils,  and  an  uiiuBually  wide  phsryogval  ittbmu.H,  are  also  tn-eii. 

of  the  cavity,  may  conveniently  be  called  the  phaiTngeal  istlimiu  (isthnm:- 
pharyngo-nasalis). 

The  pharynx  presents  sei-en  openings  through  which  it  communicates  «nili 
neighbouring  cavities  (Fig.  729).  These  are  tlie  two  posterior  nares  (ehiniKf 
on  the  anterior  wall,  and  the  two  Eustachian  tubes  on  the  sides,  of  the  d.u»'- 
pharynx  ;  the  isthmus  of  the  fauces  leading  into  the  mouth  from  the  oral  phoryni  ■ 
the  orifice  of  the  larynx  on  the  anterior  wall  of  the  laryngeal  portion  of  tli-' 
cavity  ;  and  finally,  the  o[)ening  of  the  (esophagus  at  ite  lower  end. 

Naso-pharynx  (Figs.  730  and  731).— Although  described  asa  part  of  the  pharym 
this  portion  of  the  cavity  should  be  regarded  aa  an  annex  to  the  respiratory  porti'd: 
of  the  nasal  cavities  rather  than  as  a  subdivision  of  the  pharynx  proper,  for,  b"tli 
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anatomically  and  functionally,  it  is  all  but  completely  marked  otf  from  the 
digestive  tube.  It  difiFers  from  the  rest  of  the  pharynx  in  that  its  cavity  remains, 
under  all  conditions,  a  distinct  open  chamber  incapable  of  obliteration,  owing  to 
the  fact  that  all  its  walls,  with  the  single  exception  of  the  floor,  are  practically 
immovable. 

The  chamber  of  the  naso-pharynx  is  irregular  in  shape,  and  is  enclosed  by  six 
walls — namely,  anterior,  posterior,  two  lateral,  and  a  floor — together  with  a  roof  or 
vault  formed  above  by  the  approximation  of  the  anterior  and  posterior  walls. 

The  anterior  wall,  which  slopes  upwards  and  backwards,  is  entirely  occupied  by 
the  two  posterior  nares,  with  the  nasal  septum  between  them  (Fig.  729). 

The  posterior  wall  is  inclined  upwards  and  forwards,  and  forms  the  vault  of  the 
pharynx  (fornix  pharyngis)  above  by  meeting  the  anterior  wall  at  a  rounded  angle. 
On  the  upper  part  of  the  posterior  wall,  at  and  above  the  level  of  the  Eustachian 
orifices,  there  is  seen,  particularly  in  early  life,  a  considerable  accumulation  of 
lymphoid  tissue,  associated  with  a  thickened  and  folded  condition  of  the  mucous 
membrane  in  the  child.  This  is  the  pharyngeal  tonsil  (tonsilla  pharyngea.  Figs. 
730  and  731).  In  old  age  it  becomes  very  indistinct,  or  completely  disappears ; 
whilst  in  the  child  it  is  often  increased  in  size,  and  occasionally,  when  greatly 
hypertrophied,  blocks  up  the  naso-pharynx  almost  completely. 

In  connexion  with  the  lower  part  of  the  pharyngeal  tonsil,  there  is  found,  constantly 
ill  the  child  and  occasionally  in  the  adult,  a  small  median  recess  which  runs  upwards  and 
backwards  in  the  wall  of  the  pharynx  for  some  distance,  and  is  known  as  the  bursa 
pharyngea  (Fig.  730). 

Three  leading  views  are  held  as  to  the  nature  of  the  bursa  pharyngea,  namely — 
1.  That  it  is  the  remains  of  Rathke's  pouch,  from  which  the  anterior  lobe  of  the  pituitary 
Ixxiy  is  formed.  2.  That  it  is  a  crypt  connected  with  the  formation  of  the  pharyngeal 
tonsil.  3.  That  it  is  an  independent  outgrowth  of  the  mucous  membrane.  The  last  view 
is  perhaps  most  generally  accepted. 

The  Jloor  of  the  naso-pharynx  is  formed  by  the  upper  surface  of  the  soft  palate 
(Fig.  730),  which  in  its  anterior  part  is  a  direct  continuation  backwards  of  the  floor 
of  the  nasal  cavity,  whilst  posteriorly  it  slopes  strongly  downwards  and  backwards. 
Between  the  floor  and  the  posterior  wall  is  left  the  aperture  referred  to  above  as 
the  pharyngeal  isthmus,  through  which  the  naso-pharynx  communicates  with  the 
rest  of  the  pharyngeal  cavity.  By  the  action  of  the  palatal  muscles  the  floor  can 
be  raised  or  depre8sed,and  these  changes  of  position  are  accompanied  by  corresponding 
alterations  in  the  size  and  shape  of  the  cavity. 

Each  lateral  wall  of  the  naso-pharynx  (Fig.  730)  is  occupied  in  the  greater  part 
of  its  extent  by  the  opening  of  the  Eustachian  tube,  behind  which  is  seen  a 
vertical  slit-like  depression  leading  into  a  recess,  the  lateral  recess  of  the  pharynx, 
or  fossa  of  Bosenmiiller. 

The  phaiyngeal  orifice  of  the  Eustachian  tube  (ostium  pharyngeum)  isaconsiderable 
opening,  usually  of  a  somewhat  triangular  form,  with  a  characteristic  infundibular 
or  funnel-like  appearance  (Fig.  730).  It  is  bounded  above  and  behind  by  a 
prominent  rounded  ridge,  the  Eustachian  cushion  (torus  tuberius).  This  ridge 
is  due  to  the  projection  of  the  cartilage,  which  surrounds  the  Eustachian 
passage  above  and  behind,  but  is  absent  below  and  in  front.  The  prominence 
of  the  posterior,  as  contrasted  with  the  anterior  margin  of  the  orifice,  and  the 
direction  of  the  tube  itself,  which  runs  strongly  forwards  as  well  as  inwards 
(traced  from  the  tympanum),  greatly  facilitate  the  introduction  of  a  Eustachian 
catheter. 

The  exact  position  of  the  orifice  is  of  importance  in  connexion  with  this  latter 
operation.  It  is  situated  on  the  side-wall  of  the  naso-pharynx,  a  short  distance 
(about  i  to  J  inch)  behind  the  posterior  end  of  the  inferior  turbinated  bone,  and 
immediately  above  the  level  of  the  hard  palate  (Figs.  730  and  731). 

A  slight  ridge  of  the  mucous  membrane  descends  from  the  lower  end  of  the  Eustachian 
cushion  on  the  side-wall  of  the  pharynx,  and  gradually  becomes  lost.  This  is  known  as 
the  salpingo-pharyngeal  fold  (plica  salpingo-pharyngea).  Another  less  developed  ridge, 
the  salpingo-palatine  fold  (plica  salpingo-palatina),  passes  from  the  anterior  border  of 
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the  EustucLiaii  orifice  downwards  and  forwards  to  join  the  palate.  In  front  of  the  Utter 
lies  an  indiutiDcl  groove,  the  naso -pbarrngeal  groove,  wliivh  indicutcij  the  separatiou  uf 
the  nasal  cavity  from  tlie  iiaHO- pharynx. 

The  levator  palati  muacle  in  descending  runs  parallel  to  the  Eustachian  tnl)c,  and  alouj: 
ita  lower  border.  As  it  enters  the  palate,  it  produces,  particularly  wbea  in  u  state  uf 
contraction,  an  elevation  just  below  the  Kuatachian  orifice,  known  as  the  lerfttor 
ctuhion  (torus  levatorius,  Figs.  729  and  730),  which  in  its  outer  portion  abuts  against 
the  lower  part  of  the  orifice,  and  forms  its  base  when  that  opening  assHmes  ite  usual 
triangular  sbape. 

Occasionally  the  Eustachian  orifice  is  of  an  oval  or  slit-like  form,  with  sloping  edgi^ 
but  the  triangular  shape  described  above  is  much  more  commonly  found. 

Immediately  behind  each  Eustachian  orifice  is  seen  the  lateral  receu  of  tiu 
pharynx  (recessus  pliaryogeus,  fossa  of  Eosenmiiller),  a  nearly  vertical,  sUt-like 
depression  of  conaiderable  depth  (Figs.  729  and  730),  which  runs  outwards  in  tlit 
form  of  a  flattened  pouch  or  diverticulum. 

The  lateral  receBseg  project  out  over  the  upper  margin  of  the  superior  conitrictor,  aii'i 
beneath  the  petrous  portion  of  the  teoiiioral  bon<^,  cun«aponding  to  the  position  uf  the  eiuiis  ol 
Morgagni  on  each  suit.  The  receas  is  the  remains  of  the  inner  or  pliaryugeal  portiou  uf  llit 
second  visceral  cleft,  the  lower  part  of  which  is  represented  in  the  siipraloiuiillar  foFea. 

Oral  Pharynx  (pars  oralis). — This  is  the  portion  of  the  pharyngeal  cavity  which 
lies  behind  the  mouth,  and  intervenes  between  the  soft  palate  above  and  t!ir 
Huperior  aperture  of  the  larynx  below.  Its  anterior  wall  is  occupied  by  tlie 
isthmus  of  the  faucee,  leading  into  the  mouth ;  and  below  this  by  the  pharrni^'-d 
portion  of  the  tongue,  almost  vertical  in  direction.  Its  lalerid  wall  (Fig.  7;10 
presents  n  triangular  area  (sinus  tonsillaris),  bounded  in  front  by  the  anteriui 
palatine  arch,  behind  by  the  posterior  palatine  arch,  and  below  by  the  sides  of  llit 
longue  in  its  pharj'ngeal  portion.     This  area  is  occupied  in  the  greater  part  of  it- 

^,,  .,^„. estent  by  the  tonail,  above  which  i- 

found  a  depression,  the  sapiatonullu 
fossa  (Fig.  730),  which  is  of  considei- 
able  interest  clinically. 

The  posterior  palatine  «tch  (ucn^ 
pharyngo-palatinuB,  posterior  pillar  of 
,r        the   fauces)   is   a   prominent   fold  of 
Mfch    mucous    membrane,    containing    ilie 
B™'      palato-pharyngeus  muscle   in  its  in- 
terior, which  springs  above  from  ihf 
r         posterior  edge  of  the  soft  palate,  ami. 
'"^     passing  downwards  and  slightly  back- 
wards, ends  below  on  the  side-wall  of 
the   pharynx    (Fig.  730).      The  twu 
posterior    palatine    arches    form  llif 
lateral  boundaries  of  the  pharjo^t-al 
isthmus,  which  passage  theycan  modifT 
both  in  size  and  shape   by  the  con- 
traction of  their  contained  muaclea 

The  anterior  palatine  arch  b  de- 
Bcriljed  on  page  1000. 

The  pharTOgeal   isthmus  (isthmus 
Fio.732.-0«nMocth  SHOWING  Palate  A1.D  Tonsils,   pjiaryngo-naaalis)  is  the  verj-  oblique 

It  nl«o  showM  the  two  iwUtiiic  srcliiw,  and  the  rhnryngesl    and        SOmewhat        trianifular       orifiiT 

i:rrur«'b'rt^r;:si'T,"r,;,:.;;:;  'i"»"e"  "i-i-h  the  „™i  ph-,-.,  c-™. 

below.  municates  with  the  uaso-pliatynx  \tii- 

732).  It  differs  considerably  in  aizt 
and  shft]*  in  different  individuals,  l)eing  in  some  so  small  that  the  naso-pharjui 
can  be  explored  from  the  mouth  only  with  very  great  difliculty ;  wltilst  lu  otiHr^ 
it  is  of  much  larger  dimensions  (Fig.  731)  and  affords  ample  B|mce  for  iIil" 
rhinoscopic  eAaminatiou  of  the  uaso-pharyns  and  the  l>ack  part  of  the  na-ai 
cavities. 


THE  PHARYNX.  1035 

In  general  it  may  be  described  as  triangular  in  shape,  the  Hides  cone- 
Bponding  to  the  posterior  palatine  arches,  and  the  base,  which  is  behind, 
WiDg  formed  by  the  posterior  wall  of  the  pharynx.  The  apex  of  the  triangle  is 
directed  towards  the  soft  palate,  and  ia  encroached  upon,  and  overlapped  from  below 
by,  the  uvula,  which  assists  in  the  closure  of  the  orifice  (Fig.  732). 

By  the  contraction  of  the  palato-pharjngei  muscles,  which  are  enclosed  within  the 
palatine  arches,  the  sides  of  the  isthmus  can  be  approximated,  lilce  two  curtains,  and  its 
size  correspondingly  diminished.  When,  at  the  same  time,  the  uvula  and  soft  palate  are 
elevated,  and  the  whole  pharyni  in  this  region  is  narrowed  by  the  contraction  of  the 
superior  constrictor,  the  aperture  can  be  completely  closed,  aud  the  oral  separated  from 
the  uaaal  pharynx,  as  in  the  acts  of  swallowing  and  vomiting. 


Flu.  7S3.— HoBizosTAL  Section 

The  stylopb^ryDgeuii,  which  is  sliowi 

prerertebral 

The  tonslla  (tonsillie  palatinic,  amygdala)  are  two  large,  oval  masses  of  lymphoid 
tissue  which  are  embedded  in  the  lateral  walls  of  the  oral  pharynx,  between  the 
anterior  and  posterior  palatine  arches  (Fig.  730).  As  already  pointed  out,  there  is 
in  this  r^on  a  triangular  interval  (the  sinus  tonsillaris),  situated  between  the  two 
palatine  arches  and  the  side  of  the  tongue.  The  greater  part  of  this  interval  is 
occupied  by  the  tonsil  In  its  upper  part,  however,  above  the  tonsil,  there  is 
usually  found  a  variably-developed  depression  already  referred  to  aa  the  stQira- 
tonslllaj  fossa. 

The  tonsil  lies  under  cover  of  tlie  ramus  of  the  jaw,  and  corresponds  in  position 
Lo  a  point  a  little  above  and  in  front  of  its  angle.  Its  inrier  or  pharyngeal  surface 
is  prominent,  and  closely  beset  with   numerous  deep,  pit-like  depressions — the 
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crypts  of  the  tonsil.     These  crypts  are  most  numerous  in  the  upper  part  of  the  mass, 
where,  in  particular,  they  form  a  series  of  irregular  inter-communicating  passages. 

The  outer  or  attached  surface  is  enclosed  in  a  distinct  fibrous  capsule  connected 
with  the  pharyngeal  aponeurosis,  outside  which  lie  the  superior  constrictor  of  the 
pharynx  and  the  internal  pterygoid  muscles  (Fig.  733). 

The  ascending  palatine  artery,  running  upwards  and  backwards  between  the  stylo- 
glossus and  stylo-pharyngeus,  lies  in  close  relation  to  the  outer  surface  of  the  tonsil— 
separated  only  by  its  capsule  and  the  superior  constrictor — as  does  also  the  tonsillar 
artery,  which  is  often  represented  by  a  branch  of  the  last.  More  external  still  lies  the 
internal  pterygoid  and  the  ramus  of  the  jaw ;  whilst  the  internal  carotid  artery,  with  the 
large  cranial  nerve  trunks,  is  placed  |  to  1  inch  behind  and  to  its  outer  side  (Fig.  733). 

The  size  of  the  tonsils  is  extremely  variable,  but  as  a  rule,  in  early  life,  they 
measure  something  under  1  inch  (20  to  22  mm.)  from  above  downwards,  about  |  inch 
(18  to  20  mm.)  antero-posteriorly,  and  J  inch  (12  to  15  mm.)  from  within  out 

In  the  child  and  young  adult  there  is  usually  Been  a  thin  triangular  fold  of  mucous  mexu- 
brane,  tlie  plica  triansrularis  (His),  which  stretches  from  the  anterior  palatine  arch  backwards  for 
a  variahle  distance  over  the  tonsil  (Fig.  730).  Its  apex  is  directed  upwards  towards  the  soft 
palate,  its  base  towards  the  tongue,  and  its  free  mar^n  crosses  the  tonsil,  to  which  it  often 
adheres  in  later  life.  In  this  latter  condition  the  plica  encloses  a  more  or  lees  distinct  space 
situat'ed  between  itself  and  the  tonsil,  in  which  diseased  processes  are  often  set  up 

Above  the  tonsil,  as  already  mentioned,  is  found  a  variably -developed  depre^jsion,  the  sapn- 
tonsillar  fossa,  which  occasionally  is  of  considerable  size,  and  then  extends  either  upwards  into 
the  soft  palate  or  forwards  and  downwards  beneath  the  plica  triangularis.  This  fossa  is  frequent  It 
tlie  seat  of  suppurative  changes,  and  is  consequently  of  considerable  clinical  importance. 

The  BupratonsiUar  fossa,  like  the  lateral  recess  of  the  pharynx,  is  the  remains  of  the  pharyn- 
geal portion  of  the  second  visceral  cleft  The  palate  in  its  growth  backwards  crosses  the  clVft 
which  it  divides  into  two  parts — namely,  the  pharyngeal  recess  above,  and  the  supratonsillai 
recess  below  the  soft  palate. 

In  the  severe  haemorrhage  which  has  been  known  to  follow  excision  of  an  enlarged  tonail,  and 
which  has  been  erroneously  attributed  to  the  wounding  of  the  internal  carotid  artery,  the  blood  i? 
derived  chiefly  from  enlarged  branches  of  the  ascending  palatine,  tonsillar,  or  ascending  pharyn- 
geal vessels. 

The  arteries  of  the  tonsil  are  derived  from  the  ascending  palatine  and  tonsillar  branches  of 
the  facial,  the  ascending  pharyngeal  of  the  external  carotid,  and  the  dorsalis  linguse  of  the 
lingual  The  veins  pass  to  the  tonsillar  plexus,  on  the  outer  side  of  the  tonsil,  which  is  an 
offshoot  of  the  pharyngeal  venous  plexus. 

Nerves. — ^The  tonsil  receives  a  special  branch  from  the  glosso-pharyngeal ;  this  unites  with 
branches  from  the  pharyngeal  plexus  in  a  small  plexus  tonsiUaris  which  supplies  the  organ. 

The  lymphatics  are  extremely  numerous,  and  pass  down  to  join  some  of  the  submaxiUarr 
lymphatic  glands  near  the  angle  of  the  jaw. 

Laryngfeal  Portion  of  the  Pharynx  (pars  laryngea). — This  division  of  the 
pharyngeal  cavity  lies  behind  the  larynx  (Fig.  729).  It  is  wide  above,  where  it  L«5 
continuous  with  the  oral  portion,  and  maintains  a  considerable  width  until  within 
about  an  inch  of  its  termination,  when  behind  the  cricoid  cartilage  it  narrows 
rapidly  and  passes  down  to  join  the  oesophagus.  Except  during  the  passage  of  food, 
the  anterior  and  posterior  walls  of  this  latter  part  are  in  contact,  and  its  cavity  is 
reduced  to  a  mere  transverse  slit  (Fig.  730). 

The  anterior  wall  of  the  laryngeal  portion  of  the  pharynx  is  formed  in  its  whole 
extent  by  the  back  of  the  larynx,  of  which  the  following  parts  are  seen  within  tlie 
I)haryngeal  cavity  (Fig.  729) : — The  epiglottis  above ;  below  this  the  sujierior 
aperture  of  the  larynx,  bounded  at  the  sides  by  the  aryteno- epiglottic  folds; 
outside  these  folds  is  seen  on  each  side  a  deep  recess,  the  sinus  pyiiformis  (recessus 
piriformis,  Fig.  729>  Lower  down  still,  the  back  of  the  arytenoid  and  cricoid  carti- 
lage, covered  by  muscles  and  mucous  membrane,  are  visible. 

Its  posterior  and  lateral  walls  are  directly  continuous  with  the  corresponding 
walls  of  the  oral  pharynx,  and  present  no  features  which  require  special  notice. 

A  prominent  fold  of  the  mucous  membrane,  extending  from  the  side  of  the  epiglottis,  runs  op 
along  the  lateral  wall,  uTX)n  which  it  ends  near  the  posterior  palatine  arch.  This,  the  pharyaco- 
epiglottic  fold,  is  often  described  as  a  lateral  gloeso-epiglottic  fold  (see  p.  1002). 

The  sinus  pyriformis  is  a  deep  depression,  seen  on  each  side  between  the  aryteno- 
epiglottic  fold  and  the  ah  of  the  thyroid  cartilage.    When  viewed  from  above,  as 
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in  laryngoscopic  examinations,  it  appears  of  a  pyrifomi  shape,  the  wider  end  being 
directed  upwards  and  forwards.  When  viewed  from  behind,  the  recess  is  boat- 
shaped  and  elongated  in  the  vertical  direction.  Its  outer  wall  is  formed  by  the 
thyroid  cartilage  and  thyro-hyoid  membrane,  covered  by  mucous  membrane ;  its 
inner  wall  by  the  aryteno-epiglottic  fold,  and  slightly  below  by  the  upper  part  of 
the  cricoid  cartilage. 

Vessels  and  Nerves  of  the  Pharynx. — The  arteries  of  the  pharynx  are  derived  from— 1, 
the  ascending  pharyngeal ;  2,  the  ascending  {palatine  branch  of  facial ;  3,  the  posterior  palatine, 
from  the  internal  maxillary,  with  a  few  twigs  from  the  dorsalis  lingua?,  tonsillar  (of  facial), 
vidian,  and  pterygo-palatine  of  the  internal  maxillary.  The  veins  go  to  the  pharyngeal  venous 
plexus,  which  is"  found  between  the  confltrictors  and  the  bucco-pharyngeal  aponeuroeis.  The 
plexus  communicates  with  the  pterygoid  plexus  above  and  with  the  internal  jugular  or  facial 
vein  below. 

The  lymphatics  of  the  pharynx  pass  chiefly  to  the  upper  set  of  deep  cervical  glands.  Those 
from  the  upper  part  of  the  posterior  wall  join  a  few  post-pharyngeal  glands  whicn  are  found  on 
each  side  between  the  pharynx  and  the  rectus  anticus  major  muscle.  These  latter  glands,  which 
are  larce  in  the.  child,  small  in  the  adult,  but  apparently  always  present  (Fig.  733),  are  of  con- 
siderable clinical  interest,  as  they  often  form  the  starting-point  of  post-pharyngeal  abscess. 

The  nerves  of  the  pharynx,  both  motor  and  sensory,  are  derivtil  chiefly  from  the  pharyngeal 
plexus,  which  is  formed  by  branches  of  the  va^s,  glosao-pharyugeal,  and  sympathetic  The 
jjoft  palate  and  the  neighbourhood  of  the  tonsil  are  supplied  by  the  posterior  and  external 
palatine  branches  of  Meckel's  ganglion.  The  tonsil  receives  a  branch  from  the  glosso-pharyngeal 
direct  The  vault  of  the  pharynx,  and  the  region  aroimd  the  Eustachian  orifice,  as  well  as  the 
orifice  itself,  are  supplied  by  the  phar3aigeal  branch  of  Meckel's  ganglion.  Finally,  the  superior 
laryngeal  nerve  supplies  the  mucous  membrane  of  the  back  of  the  larynx,  where  it  forms  the 
anterior  wall  of  the  laryngeal  portion  of  the  pharynx. 

Structure  of  the  Pharyngeal  Wall. — The  pharyngeal  wall  is  made  up  of 
the  following  layers: — (1)  The  thick  mucous  membrane,  which  is  plentifully  supplied 
with  racemose  mucous  glands  and  lymphoid  tissue,  and  is  lined  by  stratified  squamous 
epithelium,  except  in  the  naso-pharynx,  where  the  epithelium  is  columnar  and  ciliated. 
(2)  Outride  the  mucous  membrane  lies  a  layer  of  firm  connective  tissue,  the  pharyngeal 
aponeurosis,  which  is  closely  associated  with  the  muscles,  and  receives  the  insertions  of 
many  of  their  fibres.  This  layer  blends  with  the  periosteum  of  the  base  of  the  skull 
superiorly,  and  is  united  to  the  Eustachian  tube,  the  margins  of  the  posterior  nares,  and 
the  other  fixed  points  to  which  the  pharynx  is  connected  anteriorly.  It  is  thickest  above, 
at  the  sinuses  of  Morgagni,  where  the  muscular  coat  is  wanting,  and  where  it  forms  the 
chief  constituent  of  the  pharyngeal  wall.  Below,  it  gradually  grows  thinner  as  the  lower 
end  of  the  pharynx  is  approached.  (3)  External  to  the  pharyngeal  aponeurosis  lies  the 
muscular  coat,  formed  of  the  three  constrictors  with  the  stylo-  and  palato-pharyngeus. 
The  muscular  coat  is  covered  externally  by  (4)  the  bucco-pharyngeal  fascia,  a  thin  and,  in 
places,  ill-defined  layer  of  fascia  which  surrounds  the  constrictors  of  the  pharynx,  and  passes 
forward  above  to  cover  the  outer  surface  of  the  buccinator.  It  is  connected  behind  to  the  pre- 
vertebral fascia  by  loose  connective  tissue  (the  retro-pharyngeal  space),  and  it  is  similarly 
connected  by  areolar  tissue  to  the  other  structures  with  which  the  pharynx  comes  in  contact. 

The  racemose  glands  of  the  mucous  membrane,  which  are  of  the  mucous  type,  are 
very  numerous  in  the  walls  of  the  naso-pharynx  and  in  the  soft  palate,  where  they  form 
a  thick  continuous  layer.  They  are  also  numerous  about  the  aryteno-epiglottic  folds  and 
on  the  back  of  the  arytenoid  muscles  in  the  laryngeal  portion  of  the  pharynx.  Over  the 
rest  of  this  cavity,  though  numerous,  they  are  not  so  thickly  placed  as  in  the  regions  just 
mentioned.  The  lymphoid  tissue,  either  in  a  diff^use  form  or  collected  into  lymphoid 
follicles,  is  found  throughout  the  whole  of  the  mucous  membrane.  As  already  pointed 
out,  it  is  particularly  abundant  on  the  upper  portion  of  the  posterior  wall  of  the  naso- 
pharynx, where  it  forms  the  pharyngeal  tonsil. 

The  pharyngeal  aponeurosis,  which  is  thick  above  and  thin  below,  and  the  bucco- 
pharyngeal fascia,  which  is  thin  above  and  stouter  below,  are  practically  blended  into  one 
layer  above,  near  the  base  of  the  skull,  where  the  muscular  coat  is  absent.  Lower 
down  they  are  separated  by  the  constrictors,  and  become  two  distinct  sheets.  They 
are  strengthened  in  the  middle  line  posteriorly  by  a  fibrous  band  descending  from  the 
pharyngeal  tubercle. 

Development  of  the  Pharynx  and  Tonsil. 

For  the  development  of  the  pharynx  from  the  anterior  portion  of  the  foregut,  and  the 
formation  and  fate  of  the  visceral  arches  and  clefts  which  are  found  in  its  wall,  the  reader 
is  referred  to  the  chapter  on  General  Embryology,  p.  34. 
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The  anterior  palatine  arch  is  derived  from  the  second  viecersl  arch,  behind  shich,  iit 
the  embrjo,  liea  the  pharyngeal  portion  of  the  second  visceral  cleft.  This  cleft  ia  croned 
by  the  palate  in  its  growth  backwards ;  the  part  above  the  palate  ia  repreaented  in  the  adult 
by  the  lateral  recess  of  the  pharynx  and  the  part  below  it  by  the  sinus  tonaillaris.  From 
the  lower  and  greater  part  of  the  sinus  tonaillaria  the  tonsil  is  developed  ;  the  upper  put 
of  the  BiDua  persists,  however,  as  the  b upni tonsillar  fossa.  The  tonsil  at  first  is  a  smooth 
depression  of  the  mucous  membrane.  About  the  fourth  month  of  feetal  life  downgrowlhs 
of  the  epithelium  take  place,  which  are  afterwards  converted  into  the  tonsillar  crvpU. 
Subsequently  lymphoid  cells  accumulate  around  the  downgrowths  and  form  the  lympboid 
tissue,  which  constitutes  the  mass  of  the  organ. 

The  upper  and  anterior  part  of  the  naso-pharynx  is  derived  from  the  stomatodeuiD, 
the  remainder  of  the  cavity  from  the  forcgut. 


THE  (ESOPHAGUS. 

The  eesophagus  or  gullet  is  the  portion  of  the  digestive  canal  which  inteneoe.'! 

between  the  pharynx  above  and  the  stomach  below.     With  the  exception  of  the 

pylorus,  it  is  the  narrowest,  and  at  the  same 

time  one  of  the  most  muscular  parts  of  the 

whole  alimentary  tube. 

K*  It  extends  from  the  termination  of  the 

^        pharynx,  at  the  lower  border  of  the  cricoid 

cartilage   and   opposite   the  sixth   cervical 

vertebra,  to  the  cardiac  orifice  of  the  stomach, 

opposite  the  eleventh  dorsal  vertebta.    Be. 

tween  these  two  points  it  traverses  the  lower 

part  of  the  neck,  the  whole  length  of  the 

thorax,  and,  having  pierced  the  amphragra. 

it    enters   the   abdomen,  and   immediateW 

afterwards   joins    the   stomach.       In    this 

course   it   does  not  adhere   to    the  megiil 

plane  of  the  body,  but  twice  leaves  it,  and 

curves  to  the  left     The  first  of  these  cuna- 

tures  corresponds  to  the  lower  part  of  the 

neck  and  the  upper  part  of  the  thorax,  where 

i^in  the  oesophagus    projects   beyond    the    left 

margin  of  the  trachea  to  the  extent  of  J 

or  J  inch  (4  to  6  mm.).     It  returns  to  thf 

middle  hne  about  the    level  of   the  aortic 

'""""'  arch.     Lower  down,  behind  the  pericardium, 

doimi  vrrtri  it  again  passes  to  the  left,  and  at  the  same 

*'■'"'"'"'  time  forwards,  in  order  to  reach  the  (rR*- 

phageal  opening  in  the  diaphragm  (which 

is  j^aced  in  front  and  to  the   left  of  the 

aortic  opening),  and  it  maintains  this  dirit- 

tiou  until  the  stomach  is  reached. 

In  addition  to  the  curvatures  just  de- 
Bcribed,  it  is  also  curved  in  the  antero- 
posterior direction,  in  correspond enoe  with 
the  form  of  the  vertebral  column  af»D 
which  it,  in  great  part,  lies. 

In  length  it  usually  measures  about  teo 

inches  (25  cm.). 

Fiu,  734.-Dm<iram^ti.^8h<.wjhb  CorBSK  jtg  breadth,  where  the   tube   is  widest. 

varies  between  half  an  inch  (13  mm.)  in  the 

empty  contracted  condition  and  an  inch  or  more  {25    to  30  mm.)   in  the  fully 

distended  state. 

When  seen  in  sections  of  the  frozen  body  (Fig.  735),  the  oesophagus  usually 
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appears  either  as  a  flattened  tube  with  a 
transveree  slit-like  cavity,  or  as  an  oval  or 
rounded  canal  with  a  more  or  leae  stellate 
lumen.  The  former  condition  is  more 
common  in  the  neck,  owing  to  the  preBsure 
of  the  trachea,  and  the  latter  in  the  thorax. 

When  exposed  in  the  ordinary  post- 
mortem examination  soon  after  death,  it  has 
rather  the  appearance  of  a  solid  muscular 
rod  or  band  than  of  a  hollow  tube. 

The  cesopliaguB  presents  two  distinct  con- 
itriclions,  one  situated  at  its  beginning,  the 
other  at  the  point  where  it  is  crossed  by  the 
left  bronchus.  Both  constrictions  are  of 
the  same  size,  and  will  admit  without  injury 
an  instrument  with  a  maximum  diameter  of 
i  inch  (20  mm.).  At  each  of  these  points 
the  tube  is  flattened  from  before  backwards. 

The  <£Bophagua  varies  in  length  in  different  in- 
dividuals, from  8  to  14  inches  (20  to  35  mm.}.  The 
distance  from  the  upper  incisors  to  the  beginning 
of  the  (esophagus  averages  about  6  inches  (15  cm.). 

During  life  the  cervical  portion  is  said,  under 
onlinar}'  circumstances,  to  be  closed  and  flattened 
from  before  backwards  by  outside  pressure,  whilst 
the  thoracic  portion  may  be  open  owing  to  the 
ucgative  pressure  in  the  thorax.  The  passage  into 
the  stomach  is  also  said  to  be  open  (Midculicz),  but 
this  is  doubtful 

The  size  at  the  two  constrictions,  when  the  tube  is 
fully  distended,  is  23  mm.  transversely,  and  17  min. 
aiiiero  ■  posteriorly.  The  other  parts  vary  in 
diauiet^^  between  26  and  30  mm.  (Jonnesco). 

In  its  first  curvature  to  the  left  the  divergence 
U  greatest  opposite  the  third  dotsal  vertebra. 
The  second  inclination  to  this  side  begins  about  the 
si'venth  dorsal  vertebra,  and  continues  to  the  end  of 
tliv  (EsophnguB,  being  considerably  increased  as  the 
diaphragm  ts  approached. 

Relations  of  the  CEiSophagus.  —  The 
relations  {Fig.  735)  differ  ao  widely  in  the 
neck  and  thorax  that  they  must  be  described 
separately  for  each  of  these  regions. 

In  the  n«ck. — In  front  lies  the  trachea 
—  to  the  posterior  membranous  wall  of 
which  the  CEsophagus  is  loosely  connected 
by  areolar  tissue— and  in  the  groove  at  each 
side,  between  the  two,  the  recurrent  laryngeal 
nerve  ascends  to  the  larynx  (Fig.  735,  A). 
Behind  lie  the  vertebral  column  and  the 
longus  colli  muscles,  from  which  the  ceso- 
phagus  is  separated  by  the  prevertebral 
layer  of  the  cervical  fascia.  At  the  dies 
are  placed  the  carotid  sheaths  with  their 
contained  vessels,  and  the  lateral  lobes  of 
the  thyroid  body.  Owing  to  the  deviation 
of  the  tube  to  the  left  in  the  lower  part  of 
the  neok,  its  relation  to  the  carotid  sheath 
and  thyroid  body  is  much  more  intimate  on 
this  than  on  the  right  side. 

In  the  thorax. — The  oesophagus  passes 
successively  through  the  superior  and  pos- 
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on  (miitoffeso- 


Flg.    B,  at   Dth 

;     Dhooi  Oil  CUD- 
phiiKUi    liicltn- 


Fia.  735. — TB4CIM0S  fbo«  Fkohbn  SreiiONS  to 
sHoiT  Tum  Relitionb  oi'  the  (Esofhaiius 
■t  the  levels  of  the  IbI,  3rd,  fith.  8tli.  and 
Bth  daraal  vcrtsbne  rcnpectivaly. 

A,  Aorla ;  C,  Common  nrotiJ  srlsrjr ;  D.  DinpliniKin  ; 
L.B,  Loll  brooch UH ;  UC,  Left  xubclEViaa  inerir; 
L.R,  Left  recurrent  nerve  :  L.V,  Ltd  vseiu  ;  Oi. 
(Esophngui;  P,  riflux;  Pc,  Pericantium;  R.B, 
Bicht  broncho.;  R.B,  Rinht  recurrent  iierve; 
R.V,   Right   vagux:   T,  Trachu;   T,L>,  Thoracic 


Immediately  below  this  the  (xsophagus  is  crossed  by  the  left  bronchus  (Fig.  735,  Oj. 
and  in  the  rest  of  its  thoracic  course  it  lies  in  the  closest  relatioa  to  the  back  of  the 
pericardium.  Behind,  it  rests  on  the  longus  colli  muscle  and  the  vertebral  column 
in  the  upper  part  of  the  thorax  ;  but  below  the  bifurcation  of  the  trachea,  as  already 
explained,  it  advances  into  the  cavity  of  the  posterior  mediastinum,  and  is  soon 
separated  from  the  epiue  by  the  vena  azygoe  major,  the  thoracic  duct,  the  upper  six 
aortic  intercostal  arteries  of  the  left  side,  and  in  its  lower  part  by  the  aorta  as  well. 
On  its  left  side  lie  the  thoracic  duct,  the  pleura,  and  the  left  subclavian  arterj' 
in  the  upper  part  of  the  thorax ;  the  aorta  in  the  middle  region,  and  lower  down 
the  pleura  again,  for  a  Httle  way,  before  the  cesophagus  pierces  the  diaphragm.  On 
the  right  side  the  tube  cornea  into  relation  with  the  arch  of  the  azygoe  vein,  whilst 
below  this  the  pleura  clothes  it. 

The  two  pueumogastric  nerves,  after  forming  the  posterior  pulmonary  plexuses 
behind  the  roots  of  the  lungs,  descend  to  the  oasophagus,  where  they  form,  by  unit- 
ing with  one  another  and  with  the  branches  of  the  sympathetic,  the  plexus  gal»  or 
(esophageal  plexus.  Lower  down  the  left  nerve  winds  round  to  the  front,  whilst  llie 
right  turns  to  the  back,  and  in  this  relation  they  pass  with  the  tube  through  the 
diaphr^m  to  reach  the  stomach. 

Relation  of  the  Aorta  to  tlie  (Esophacns.— The  arch  of  the  aorta,  passing  back  to  rc^cIi 
the  vertebral  culumo,  lius  iu  relation  to  the  left  aide  of  the  oesophagus  i  consequently  th>' 
di'Boending  thoracic  aorta  lies  at  firet  to  its  left ;  lower  down,  however,  as  the  aorta  pasHcs  mi  tu 
the  front  cf  the  vertebral  column,  and  the  gullet  inclines  forwards  and  to  the  left,  the  ccsopbaKii- 
comes  to  lie  at  firet  in  front,  and  then,  as  the  diaphragm  is  appioauhed,  it  lies  not  onlj  in  fmui, 
but  also  Bomewhat  to  the  left  of  the  artery  (Figa.  734  and  735). 

Belatlon  of  the  Thoracic  Duct  to  the  (EBophaguK. — The  thoracic  duct,  lying  to  thi>  riglji 
of  tlie  aorta  below,  ia  not  directly  related  to  the  lesophaguB  (Fig.  735,  E) ;  hut  hi^jhur  ii|' 
(Fig.  735,  D  and  E)  it  Ilea  behind  iL  About  the  level  of  tlie  aortic  arch  the  duct  passea  to  the  Mi. 
and  above  this  (Fig.  735,  B  and  A)  iviLl  lie  found  resting  against  the  left  Bide  of  the  asophagu'. 
which  it  accompaniea  into  the  neck. 

Relation  of  the  Pleural  Sacs  to  the  (Esophagus.— Above  the  level  of  the  aortic  arch  and 
the  arch  of  the  vena  azygos  major,  between  which  the  tube  descends,  the  pleurne,  though  nut  lyiuf 
in  immediate  coiitaet  with  the  tesophaguB,  are  separated  from  it  only  by  a  little  connective  tis^ur, 
and  on  the  left  side  also,  behind  the  snbclavian  artery,  by  the  thoracic  dnct  (Fig.  735,  B).  H.n. 
in  thin  bodies,  the  pleura  in  very  close  to  the  (Esophagits,  and  the  thoracic  duct,  lying  on  iU  kt 
side,  may  occasionally  be  secu  throngli  the  pleural  membrane.  Below  the  arch  of  the  uyn" 
vein  the  pleura  clothes  the  right  side  of  the  (esophagus — and  very  often  even  a  considewl'lt 
portion  of  its  posterior  surface  loo,  thus  forming  a  deep  recces  behind  it — almost  as  low  donii  a^ 
the  opening  in  the  diaphragm.  On  the  left  side,  below  the  level  of  the  aortic  arch,  the  pleun 
coaies  in  contact  with  the  gullet,  only  fur  a  short  distance,  just  above  the  diaphragm  (Fie,  735,  E;. 

Divisions-^Buth  a  diapliragniatic  (Jonne»co)  and  an  abdominal  part  of  the  a»opLagiu  aiv 
described.  The  diapliragiiiatlc  portion,  said  to  be  about  half  an  inch  in  length  (I  to  1'5  cni-n 
corresponds  to  the  portion  of  the  tube  which  lies  in  the  ceeophageal  oriBce  (or  canal)  of  lii<' 
diaphragm.  The  plane  of  this  orifice  is  very  oblique  or  almost  vertical,  and  its  abdomiiiJ 
opening  looks  forwards  and  to  the  left,  and  but  little  downwards.  Above  and  in  front,  when;  il  i= 
1)oimded  either  by  the  posterior  edge  of  the  central  tendon  or  by  a  few  decussating  fibrw  uf  lli'- 
muscular  portion  of  the  diaphragm,  which  meet  behind  the  tendon,  the  (Esophageal  orifice  hai 
jirautically  no  length,  and  consequently  the  oesophagus  here  pasaee  into  the  abdominal  cbtUt 
immediately  after  leaving  the  thorax.  At  the  sides  and  behind,  on  the  other  hand,  the  d».'Uj- 
sating  bands  from  the  two  crura,  which  embrace  the  orifice,  are  so  arranged  that  they  turn  a  flat 
surface  (not  an  edge)  towards  tlie  opening,  and  thus,  posteriorly  and  laterally,  the  onfice  or  cst^l 
is  of  some  length ;  and  on  these  aspects  there  is  a  portion  of  the  tube  in  oontict  with  thi- 
diaphragm  for  a  distance  of  1  to  IJ  cm.  But  this  contact  takes  place  not  around  a  horiunital 
line,  but  in  a  very  oblique  plane  corresjundiug  to  that  of  the  orifice.  On  the  whole,  it  is  perhtl>- 
niore  satisfactory  not  to  describe  a  svi>arat«  diaphragmatic  portion,  but  to  say  that  the  okopha^i.- 
l>ierci«  the  diaphragm  very  obliquely,  and  that  at  tue  sides  and  behind  it  is  in  contact  with  iLr 
walls  of  the  orifice  lor  a  distance  of  half  an  inch  or  more. 

The  (esophagus,  in  parsing  through  the  orifice,  is  connected  to  ita  boundaries  by  a  cotisidr[«l>l<' 
amount  of  strong  connective  tissue,  but  it  is  extremely  ditUcult,  or  impossible,  to  demotistnte  Ui( 
direct  naked-eye  connexion  between  the  (csopliageal  muscular  fibres  and  those  of  the  diaphragm. 

The  anterior  or  right  boundary  of  the  ouophageal  orifice,  formed  of  fibres  derived  from  IhiUi 
cnira  of  the  diaphragm,  is  strongly  developed  and  prominent,  and  usually  lies  in  the  tcsuyhapal 
groove,  on  the  back  of  the  left  lobe  of  the  liver,  which  groove  is  rarely  due  to  the  prt-amv  ol  iht 
aaophagua  alone. 

The  abdominal  portion  of  the  o^ophagus  is  very  shorl,  for  immediately  after  piercing  thr 
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racemose  miicouH  glands  which 
open  into  the  cavity  of  the  oesophagus  (Fig. 
738). 

The  mncoua  membrane  ie  of  a  ^y'uih 
pink  colour,  rauch  paler  than  that  of  the 
pharynx,  and  of  a  firm  and  resistant  teitiirc. 
It  is  covered  by  a  thick  stratified,  squamous 
epithelium,  on  the  surface  of  which  the  open- 
ings of  numerous  glands  are  found.  Bcl(i», 
its  junction  with  the  gaatric  mucous  mem- 
hraiie  is  iudicatod  by  a  distinct,  irregularly 
dentated  or  crenated  line,  which  runs  trane- 
versely  round  the  tube.  Tn  carefully  preserve*! 
specimens  the  smootti  mucoua  merobraue  of 
the  oesophagus  above  this  line  contrasts 
strongly  with  the  mammitlated  gastric  mucoiu 
niembranc  below. 

Owing  to  the  inelasticity  of  this  coat,  and 
the  fact  that  it  is  but  loosely  connected  ti> 
the  muscular  coat  by  the  submucoea,  it  i^ 
Fw.  737.-Th«  Lowsb  P*m  ov  tbs  Pharynx  thrown  into  a  series  of  longitudinal  folds  wheD 
AND  THB  Uppkk  Pabt  OP  THi  (EiiorRAnrH  thecosophagus  isemptyand  contracted ;  hence 
bavebeen  alic  tif  from  behiml.  and  thcmucous  the  Stellate  lURien  oftcn  seeu  in  sectious  of 
niemhrana  rtmioved  to  show  the  musciiUr  fibres,     the  gullet 

'^T,\',""*il'"l'?"V'";.'^,."T,."*''  ""°'"^  Glands.  —  Numerous   racemose    mucoid. 

ronnd  lo  the  front  to  be  nttaihed  by  a  common       ,     "™'""  .    .    .      j-  .-      ..  l 

teEdon  to  the  npper  boMer  of  (he  cricoid  wr-    g'sidB,  large  enough  to  be  distinctly  seen  «ilh 

tilflne.    See  explanation  of  last  figure.  the  naked  eye,  are  found  in   the  submucnsa. 

They  are  pretty  evenly  distributed  over  the 

whole  tube,  and  do  not  appear  to  be  more  numerous  towards  either  end  (CofTey).     Id 

addition  to  these,  other   glands,  resembling 

closely  those  of  the  cardiac  end  of  the  stomach,  stntin-ii 

are    found    in    the    mucous    membrane    of  J?ilo!I^i'™ 

certain  portions  of  the  oesophagus.     They  are 

entirely  confined  to  the  mucosa,  and  do  not  m"!^^'" 

extend  beyond  the  muscularis  mucoste.  These 

glands  are   specially  numerous  at  both  the  Kiihom'^ 

upper  and   lower  ends  of  the  tube  (Ooffey,  Bilmit"" 

Schafer). 

VMBelsand  Heires.— Ite  art«Tin  consist  of 
nuiiieroiiB  sidbII  branches  derived,  in  the  neck,  cirrnlni 

from  the  inferior  thyroid,  in  the  thorax,  from  imiKuiM 

the  bronchial  arterieji  and  thoracic  aorta,  and  in  "'"" 

the  abdomen,   from  the  coronary  artery  of  the 
stomach,  and  also  from  the  left  phrenic 

The  Teina  form  a  plexus  on  the  exterior  ()f  the 
nesophaguB,  from  which  branches   pass,    in  the 

lower  part  of  the  tube,  to  the  coronary  vein  of  Lonifini  ■" 

the  stomach,  and,  higher  up,  to  the  azygos,  and  movuiu 

thyroid  veins.     There  is  thus  established  on  the  ■>«• 

lower  part  of  the  oesophagus  a  free  communica- 
tion between  the  portal  and  systemic  veins. 

The  lymphatics  pass  to  the  inferior  set  of  deep 
cervical  glan<ls  in  the  neck,  and  to  the  posterior  Aoniirc..!- 

mediastinal  glands,  many  of  which,  of  large  »]m,  ' 

are  seen  around  the  tiilie,  in  the  thorax. 

The  nerrM  ate  derived  from  the  recmrent 
laryngi'al,  and  from  the  cervical  sympathetic  in 
the  neck,  from  the  pneiuiiogas tries  and  symjiathetic  in  the  thorax. 

Pevelopment  of  the  (Esophagus. 

The  (esophagus  is   developed  from    the  foregut   lying  between  the  pharjni  and  thf 

dilatation  which  I'eprcscnts  the  future  stomach.     At  first,  owing  to  the  lleiurcof  thc.hcml 


sDeicer  ot  itie  rios. 

Owing  to  the  fact  that  the  boundaries  of  the  abdomen  are  formed  chiefly  of 
muacleB,  it  follows  that  its  walls  are  capable  of  contraction  to  a  very  considerable 
extent,  and  the  size  of  the  cavity  can  consequently  be  altered  in  all  diractioD&  Its 
chief  changes  in  form  are  due  to  the  descent  or  elevation  of  the  diaphragm,  the 
contraction  or  relaxation  of  the  anterior  and  lateral  walla,  and  the  raising  or 
lowering  of  the  pelvic  floor. 

Within  the  muscles  forming  its  walls,  the  abdomen  is  Uned  by  an  envelope  of 
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Fia.  7S9.^Tbe  Abdominal  Vixceiu  in  am;,  ta  atoa  when  the  abdomen  i*  liid  open  ud  the  gnat  oiMntiiB 
remaved  (drawn  to  scale  from  ■  photO}^ph  al  ■  male  bod;  iged  B6,  b&rdened  by  romalin  injectioiu). 

The  ri)»  an  the  right  aide  an  indicated  b<r  RomkD  numerala  ;  it  will  be  ob«erred  thM  the  eighth  coatal  cutily 
vticulited  with  Iha  xtemum  on  both  lidea.  The  subcostal,  intettnbeiculsr.  and  right  and  tcft  Pocpul 
linea  are  drawn  in  black,  and  the  mesial  plaoe  is  indicated  by  a  dolled  line.  The  inl«rcort»l  mo^Jwaod 
1>Brt  of  the  diaphragm  have  lieeu  removed,  to  show  the  liver  and  stomach  eilending  op  bmnth  the  nt*. 
The  ntoiuach  is  mo-lerate1y  distended,  and  the  inteatlnei  are  particularly  regular  in  their  anangunrnl- 

&8cia,  which  separate  the  muscles  from  the  extraperitoneal  connective  tissue  and 
peritoneum.  This  aponeurotic  layer  is  distinguished  in  different  localities  as  :— 
(1)  the  transversalis  fascia  on  the  anterior  and  lateral  walls,  lining  the  dee|' 
surface  of  the  transversalis  muscle  and  continuous  above  with  the  lawia  clothing' 
the  under  surface  of  the  diaphragm;  (2)  the  iliac  fatcia  on  the  poeterior  wall, 
covering   the   psoas  and   iliacus  muscles;  (3)  the  anterior  layer  of  the  /vmwf 
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aponeurosis,  also  on  the  posterior  wall  covering  the  front  of  the  quadratus 
lumborum ;  and  (4)  the  pelvic  fascia,  lining  the  pelvis. 

Apertures. — Certain  apertures  are  found  in  the  walls  of  the  abdomen,  some  of 
which  lead  to  a  weakening  of  the  parietes.  These  are :  the  three  openings  in  the 
diaphragm  for  the  passage  of  the  inferior  vena  cava,  the  oesophagus,  and  the  aorta 
respectively ;  the  apertures  in  the  pelvic  floor,  through  which  the  rectum,  the 
urethra,  and  the  vagina  in  the  female,  reach  the  surface ;  the  inguinal  canal, 
through  which  the  spermatic  cord  (or  round  ligament)  passes,  in  leaving  the 
abdominal  cavity ;  and  lastly,  the  crural  canal,  a  small  passage  which  runs  down 
from  the  abdomen  along  the  inner  side  of  the  femoral  vessels.  The  two  latter  con- 
stitute on  each  side  weak  points  in  the  abdominal  wall,  through  which  a  piece  of 
intestine  occasionally  makes  its  way,  giving  rise  to  inguinal  or  femoral  hernia 
respectively. 

Extraperitoneal  or  Subperitoneal  Connective  Tissue  (tela  subserosa). — Between 
the  fascia  which  covers  the  deep  surfaces  of  the  abdominal  muscles,  and  the  peri- 
toneum which  lines  the  cavity,  there  is  found  a  considerable  quantity  of  connective 
tissue,  generally  more  or  less  loaded  with  fat,  which  is  known  as  the  extraperitoneal 
or  subperitoneal  connective  tissue.  This  is  part  of  an  extensive  fascial  system 
which  lines  the  whole  of  the  body  cavity,  outside  its  various  serous  sacs,  and  is 
continued  on  the  several  vessels,  nerves,  and  other  structures  which  pass  from  these 
cavities  into  the  limbs  and  neck. 

In  the  abdomen  it  is  divisible  into  a  parietal  and  a  visceral  portion,  both  com- 
posed of  loose  connective  tissue.  The  former  lines  the  cavity,  whilst  the  latter 
passes  forwards  between  the  mesenteries  and  other  peritoneal  folds  to  the  viscera. 
These  two  portions  of  the  extraperitoneal  tissue  are  perfectly  continuous  with  one 
another,  and  contain  in  their  whole  extent  a  vascular  plexus,  through  which  a  com- 
munication is  established  between  the  vessels  of  the  abdominal  wall,  on  the  one 
band,  and  those  of  the  contained  viscera  on  the  other. 

The  parietal  portion  is  thin  and  comparatively  free  from  fat  over  the  roof  and 
anterior  wall  of  the  abdomen,  and  here  the  peritoneum  is  more  firmly  attached 
than  where  the  tissue  is  fatty  and  large  in  amount.  In  the  pelvis,  on  the  other 
hand,  the  tissue  is  loose  and  fatty,  and,  as  such,  it  is  continued  up  for  some  inches 
on  the  anterior  abdominal  wall  above  the  pubes,  to  permit  of  the  ascent  of  the 
bladder  during  its  distension,  and  the  attendant  stripping  of  the  peritoneum  off  this 
portion  of  the  anterior  abdominal  wall.  Here  also  the  ursu^hus  and  the  obliterated 
hypogastric  arteries  will  be  found  passing  up  in  its  substance.  On  the  posterior 
wall  the  tissue  is  large  in  amount  and  fatty,  particularly  where  it  surrounds  the 
great  vessels  and  kidneys. 

From  this  latter  portion  especially  the  visceral  expansions  are  derived  in  the 
form  of  prolongations  around  the  various  branches  of  the  aorta.  These  expansions 
are  connected  with  the  areolar  coats  of  the  blood-vessels  and  are  conducted  by 
them  into  the  mesenteries  and  other  folds  of  the  peritoneum,  and  thus  reach  the 
viscera. 

The  chief  uses  of  this  tissue  are :  (1)  to  unite  the  layers  of  the  abdominal  wall 
together  ;  (2)  to  connect  the  viscera  to  these  walls  and  to  one  another  in  such  a 
loose  manner  that  their  distension  or  relaxation  may  not  be  interfered  with,  which 
would  not  be  the  case  if  the  connecting  medium  were  firm  or  rigid  ;  (3)  in  addition, 
it  is  a  storehouse  of  fat,  forms  sheaths  for  the  vessels  and  nerves,  and  establishes, 
through  its  vascular  plexus,  communication  between  the  parietal  vessels  and  those 
distributed  to  the  abdominal  viscera. 

Subdivision  of  the  Abdominal  Cavity. 

The  abdomen  is  divided  naturally  by  the  pelvic  brim  into  two  parts,  the 
abdomen  proper,  and  the  cavity  of  the  pelvis.  The  former  of  these  is  further  sub- 
divided, artificially,  into  nine  regions. 

The  pelvic  brim  (Figs.  166  and  167,  p.  221),  which  separates  the  two  natural 
divisions  of  the  cavity,  is  formed  behind  by  the  base  of  the  sacrum,  at  the  sides  by 
the  iliopectineal  lines  of  the  innominate  bones,  and  in  front  by  the  pubic  crests  and 
70  6 


which  the  brim  separates  meet  at  an  angle,  the  abdomen  proper  ruDDing  almost 
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I'm.  740.— The  Front  iif  the  Bodt,  allowing  tha  tubdivisioiiB  or  the  alidomiDiil  uvitf  uil  ths  pouiini]  at 
the  cliief  viscera.  (From  s  [ihotogniph  of  the  bo<f)-  reprmenUd  in  tha  preceding  flpini.)  The  vi»«ia  in 
Fig.  730  have  Iwen  traced  in  red  on  this  figure.  The  photographs  for  tjieae  two  tignres  aud  [or  Pig  711 
were  taken  from  tlie  iiani«  bodf,  under  precisely  Himilar  conditionii ;  coii*equently  Ih«  relation-.  n(  Ibt 
deeper  parta  to  (he  surface  are  correctly  oblnineil  by  a u peril ii posing  the  pictuiws  as  in  tbi»  illmlnlion. 
'Hie  livrr  occupies  a  slightly  lower  poaition  than  usual.  * 

vertically  upwards  from  it,  whilst  the  pelvic  cavity  slopes  backwards  and  slighlly 

downwards. 

The  pelvic  cavity  i»  bounded  in  front  and  at  the  sided  hy  the  portioos  at  (be  in- 
noniiriate  bones  below  the  level  of  the  iliopectineHl  line.  These  bony  walls  lire  p«rtly 
clothed,  in  front  and  laterally,  by  the  obturator  internua  muscles,  and  internal  to  these 


The  nrrangemeot  of  the  peritoaeum  is  so  complicated,  and  ita  relatione  to  tbe 
abdominal  conteola  so  intricate  and  detailed,  that  it  will  be  expedient  to  poetpooe 
its  complete  description  until  the  various  oi^ans,  with  their  special  peritoneal 
relations,  have  been  separately  cottBtdered.  Nevertheless,  it  will  be  necessary  to 
give  here  a  general  account  of  the  disposition  of  the  membrane,  and  to  refer  to 
the  three  varieties  of  folds  which  it  forms  in  passing  from  organ  to  organ,  or  from 
these  to  the  abdominal  wall. 

The  peritoneum  (tunica  serosa)  is  the  serous  sac  which  lines  the  abdominal 
cavity  and  invests  most  of  the  abdominal  viscera,  to  a  greater  or  less  degree.  Like 
the  pleuree,  the  tunica  vaginalis  of  the  testicle,  and  other  aerouB  saoa,  its  walls  are 
composed  of  a  thin  layer  of  fibrous  tissue,  containing  numerous  elastic  fibres,  and 
covered  over  on  the  side  turned  towards  the  cavity  of  the  sac  by  flattened 
endothelial  ciells.  Like  them,  too,  the  peritoneum  in  the  male  is  a  completely 
closed  bag,  but  in  the  female  this  is  not  the  case,  for  the  abdominal  end  of  each 
Fallopian  tube  opens  into  the  sac,  whilst  the  other  end  of  that  tube  communicates 
with  the  interior  of  the  uterus,  and  thus,  indirectly,  with  the  exterior.  Normally 
the  membrane  secretes  only  sufficient  moisture  to  lubricate  its  surface,  otherwise 
the  sac  is  perfectly  empty,  and  its  opposing  walls  lie  in  contact,  thus  practically 
obliterating  its  cavity. 

The  use  of  these  lubricated  and  highly  polished  serous  linings,  found  in  the 

abdomenand  certain  othercavities, 

is  to  facilitate  the  movements  of 

the  contained  viscera  during  any 

changes  in  size  or  form  which  tbey 

or   their  containing   cavity  may 

undergo.      As  a  result   of  tbis 

tt      arrangement,  notwithstanding  tbe 

wi     tonic  pressure  of  the  abdominal 

^        wall  on  its  contents,  the  stomach 

and  intestines  are  free  to  move 

tof     ^itti  t^^  greatest  ease  and  the 

'        least  degree  of  friction,  when  any 

'        change  takes  place  either  in  tbe 

organs    themselves  or    in    their 

surroundings. 

''*''  The    peritoneum     ia    a    thin 

glistening  membrane,  which  may 

aptly  be  compared  to  a  coat  of 

varnish  applied  to  the  inner  aspect 

of  the  abdominal  walls,  and  to  the 

surface  of  the  contained  viscera, 

except  where  these  are  directly 

applied  to   the  walls    or   to  one 

another.     It  forms  throughout  it^ 

entire  extent  a  continuous   and 

distinct  sheet,  but  it  is  unit^  so 

intimately    to    tbe    viscera,   and 

follows  the  irregularities  of  their 

'''"'l!!^.t::«lC^*''!^'"''"'^'^'-JVl''''°'^^'^^'-'^'''''   walla  so  closely,  that   it  appean 

to  sliow  the  pentoiieuni  oil  vertical  trmciiiK.      The  greaUac  .     „      .       ■    i_.     /      l                       ViT^  i 

of   the    perltonemii   is    binok  aiid  i«  reprfaeut*.!  as  being  ^t   hrst   Bight    tO    Oe   a    SUperbCial 

much  liirtier  than  iq  Datnre  ;  the  small  sac  ia  very  darkly  layer  of  these  walls,  ratlier   than 

.ii«ie,i ;  the  peritoiietini  oii  .«tb-,  is  .ho^ii  «  a  white  g  separate  membrane.       Outoide 

lino;  aail   a  white  aiToir  ia  pnnseil  ibronRh  the  foramen  of    ..        *^   -,  i-  i. 

Wiusluw  trom  tbe  great  into  the  small  aac.  tb^  peritoneum    ilea    the   extra- 

peritoneal connective  tissue — al- 
ready described — which  connects  it  more  or  less  intimately  to  the  fascial  lining 
of  the  abdominal  walls  and  to  the  abdominal  viscera. 

If  we  trace  the  peritoneum  as  u  continuous  layer,  beeinnint;  in  iroot.  we  find 


from  the  lesser  curvature  of  the 
stomach  to  the  liver;  and  (3)  ttie 
gastTO-sj)lenicomeTitum,-which  passes 
from  the  stomach  to  the  spleen. 

(b)  MeuntariM  are  foldaof  pen- 
toneutn  which  unite  portions  of  the 
intestine  to  the  poeterior  abdominal 
wall,   and    convey   to   them   their 
"*  vessels     and     nerves.      There    are 

several  meseutehes,  e.g.,  the  mftrn- 

[•rietal"  ter^    proper,    which    connects   the 

jejunum  and  ileum  to  the  posterior 
abdominal  wall,  the  transvene  nwsn- 
colon,  the  pelvic  (or  "sigmoid") 
mesocolon,  and  occasionally  others. 

Antnin  (c)  Ligaments  are  peiitoceal  fold." 

which     pass     between     abdominal 

o,„™t>i  viscera  other  than  portions  of  the 

digestive  tube,  or  connect  them  to 

oasiro-  the  abdominal  wall     As  examples 

of  these  may  be  mentioned  moet  ol 

oii"n™  the  ligaments  of  the  liver,  the  so- 

L-]icuvBi  called   "  false    ligaments "    of   the 

g  bladder,  and  the  broad  ligament' 

iBtiPtai  of  the  uterus. 

[„,  This  t«rm  is  also  applied  to  aevenl 

liHwnii  small  folda  which  connect  portious  ui 

the  intestinal  tube  to  the  parietes,  bi:i 

™''™  do  not  convey  to   them  their  vtis.-iok 

and  nerves.  The  gostro- phrenic  auJ 
phreuo-cohc  ligaments  are  eiamplM  <'' 
these. 

THE  STOMACH. 

The  stomach  (ventriculus)  is  the 

large  dilatation  found  on  the  di^f^- 

tive  tube  immediately  after  it  enters 

•rirtini'^rf"  the  abdomen  (Figs.  743  and  744. 

It  constitutes  a  receptacle  in  which 

g^^^  the  food  accumulates  after  its  pass- 

oiiiciiiuni  (ml)  age  through  the  cesopbagus,  and  in 

riiforiorar  it  take  place  some  of   the  earlier 

viHcni  .iirJK.  processes  of  digestion,  resulting  in 

the  conversion  of  the  food  into  a 

viscid  soup-like  mixture,  known  as 

chyme.     The  chyme  as  it  is  fonneii 

is  allowed  to  escape  intermittentlv 

Flo.  743.— Moderate Lv  Disti.nugd  Stiiuach,  liewr.i,  A,     through  the  pylorus,  into  the  small 

from  frout ;  B,  horn  inii«  or  right  aide ;  sn.i  c  from    intestine,  where  the  digestive  prc^ 

tbu   outer   or   left   tide.       (Krom    plic)togiap1is  ot   llie  i-  j 

»ton.«hshowninFiK,.739«ud744.   The  oonWnt«  of  the     CeSSCS  are  COntmued. 
atoiiisuh  were  cnrefnily  removed  through  an  artUicul  Although thefonuof  thestomxh 

op«mii(f,.ndre|.UcedwiiligeUtme.the6ionuicLreiii»ra-    yanes  Considerably  under  diflmin 

iDg  iH  lUu  throiiEhoiit  the  oiicruti'iu.      After  tlie  jelty  ....  ■     ..     -         r 

hi^e„e,i,  iu  e.«ct  oriei.t.tLoli  was  c»«fnliy  uoted.  «.d  Conditions,  m  general  It  IS  of  an 
piiia  indicatiiint  the  verticBl.  horizoiital,  aud  Irnutverxe  Irregularly  pynform  shape,  with  a 
Idnne)  hiviug  been  inserted,  the   orgsi.   via»  regiove.l      wide   Or  CardiaC  end    dlrectal  hsck- 

■"■'  P'«'"«"'i'''*''t  wards  and  to  the  left,  and  a  narr-- 

pyloric  end  which  runs  to  the  right  to  join  the  duodenum.     In  addition  t«    " 
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eurratures,  greater  and  lesser,  separating  (e)  two  surfaces,  superior  and  inferior; 
and  (d)  two  orifices,  the  oesophageal  orifice  or  cardia,  and  the  pyloric  orifice  or 
pylorus  (Fig.  743> 

Poeition  and  Form  of  the  Stomaob. —  When  empty,  or  nearly  bo,  the  stomach 
lies  in  the  left  hypochondrium  and  left  part  of  the  epigastrium,  with  its  wide  end 
or  fuaduB  directed  backwards  towards  the  diaphragm,  its  long  axis  lying  almost 
ia  a  horizontal  plane,  and  its  pyloric  portion  running  to  the  right  to  join  the 
duodenum.  Id  this  state  the  whole  organ  is  narrow  and  attenuated,  particularly 
Ihe  pyloric  portion,  which  is  contracted,  and  resembles  a  piece  of  thick-walled  small 
intestine. 

IFken  distended,  the  organ  assumes  the  form  of  an  irregular  pear,  and  both 


44 — The  Abdominal  ViscuKi 

AKTBRTHB   KEMOVAL  ,>f  T 

HI   Jl 

juiinu  AMD  iLEiiu  (from  a  photograph 

of  the  same  Ixxly  aa  Fig.  739]. 

The  transverse  colon  is  in 

luchn 

■ore  regular  than  usual.     Both  the  liwr 

And  c»«uin  eilend  lower  down 

than  normal.     The  subdi 

»  or  the  abdominal  ™vity  are  indicated 

bf  <tark  Hum. 

tlie  cardiac  and  pyloric  portions  become  full  and  rounded  (Fig.  743).  It  still  lies 
within  the  hypochondriac  and  epigastric  regions;  but  in  extreme  distension,  or  in 
exceptional  cases,  it  may  pass  down  below  the  subcostal  plane  and  reach  into  the 
umbilical  and  left  lumlmr  regions.  As  a  result  of  the  general  increase  in  length 
which  takes  place  during  distension,  the  pylorus  is  moved  a  variable  distance  to 
the  right  beneath  the  quadrate  lobe  of  the  liver,  and  at  the  same  time  the  long 
asis  of  the  whole  organ  liecomes  much  more  oblique,  running  forwards,  downwards, 
and  to  the  right.  Finally  there  is  developed  a  special  dilatation  of  the  pyloric 
portion,  known  as  the  antrum  pylori,  which  in  extreme  distension  is  carried  so  far 
to  the  right  that  it  may  even  reach  into  the  hypochondrium. 

In  brief,  it  may  be  said  that  the  stomach  when  empty  is  contracted,  not 
collapsed ;  that  it  assumes  a  narrow,  attenuated  shape,  its  cavity  being  practically 
'obliterated,  and  its  pyloric  portion  contracted  to  the  size  of  small  intestine ;  and  in 
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addition,  that  its  long  axis  lies  in  an  almost  horizontal  plane.  With  distension 
there  comes  a  general  enlargement  of  the  various  diameters,  an  elongation  of  the 
whole  organ,  with  a  consequent  passage  of  its  pyloric  portion  to  the  right  beneath 
the  liver,  the  development  of  the  antrum  pylori,  and  an  inclination  of  its  axis  from 
behind  downwards  and  forwards,  without  any  rotation. 

Natural  Form  of  the  Stomacli. — ^As  seeu  in  male  bodies  the  viscera  of  which  have  been 
hardened  by  the  intravascular  injection  of  formalin,  the  empty  stomach,  as  already  stated,  preoentci 
an  attenuated  or  slender  pear-shaped  appearance,  and  is  sharply  bent  on  itself,  particularly  at 
the  junction  of  the  cardiac  and  pyloric  portions.  As  a  rule  it  is  somewhat  flattened  from  above 
downwards  in  its  cardiac  portion,  out  preserves  in  its  whole  length,  more  or  less,  an  irreffularly 
rounded  or  cylindrical  form.  Its  long  axis  is  directed,  in  the  cardiac  portion,  from  behind 
forwards  and  to  the  right  with  a  slight  inclination  downwards ;  then  it  bends  almost  at  a  light 
angle,  and  in  the  pyloric  portion  runs  to  the  right  towards  the  pylorus. 

Even  in  the  empty  condition,  the  cardiac  portion  retains,  as  a  rule,  an  appearance  of 
rotundity,  and  never  assumes  a  completely  coUapsed  and  flattened  form ;  although  it  sometimes 
is  very  much  contracted,  and  approaches  the  tubular  form  of  the  pyloric  portion. 

The  collapsed,  flat-walled,  and  flaccid  bag,  often  pictured  as  the  empty  stomach,  does  not 
represent  its  true  condition  during  life,  but  is  rather  the  result  of  post-mortem  softening,  re- 
laxation, and  pressure.  The  stomach,  like  the  bladder,  and  like  other  hoUow  viscera  with 
muscular  walls,  is  not  an  inert  bag,  but  an  extensile  living  organ  capable  of  expansion  and 
contraction,  which  adapts  the  size  of  its  cavity  to  the  amount  of  its  contents.  When  food  enters 
it  expands,  the  expansion  being  proportionate  to  the  amount  of  food  that  enters ;  and  when  the 
food  passes  away  or  is  absorb^,  it  contracts,  until  its  cavity  is  reduced  to  little  more  than  a 
stellate  lumen. 

In  the  gradual  passarc  of  the  stomach  from  the  empty  to  the  distended  condition  we  may 
recognise  three  stages.  First  stage. — ^This  commences  with  an  enlargement  of  the  fundus,  and  is 
followed  by  an  expansion  of  the  whole  cardiac  portion,  which  passes  upwards  and  also  to  the 
left  towaras  the  (uaphragm,  displacing  the  coils  of  the  transverse  colon,  which  lie  here  when 
the  stomach  is  empty.  The  pyloric  portion  for  3  or  4  inches  still  remains  contracted  and 
cylindrical.  In  this  condition  the  stomach  is  frequently  found  after  death.  Second  siage. — A^ 
distension  goes  on  the  lesser  curvature  opens  out,  the  pyloric  portion  (with  the  exception  of  it** 
last  inch)  expands,  but  its  junction  with  the  cardiac  portion  usually  remains  distinct,  until  disten- 
sion is  almost  complete.  Third  stage. — A  further  general  expansion  of  the  whole  stomach  takes 
place ;  the  diameters  of  both  cardiac  and  pyloric  portions,  as  well  as  the  length  of  the  oigan,  arv 
increau»ed  ;  and  the  great  curvature  presses  forwards  against  the  anterior  abdominal  wall  in  front, 
where  the  restraining  influence  of  tne  ribs  is  absent  The  pyloric  end  for  about  1  inch  (2*5  cm.  • 
from  the  pylorus  remains  narrow  (constituting  the  pyloric  canal  of  Jonnesco),  but  to  the  left  of 
this  it  bulges  forward,  forming  the  antrum  pylori,  which  is  most  distinct  at  the  great  curvature. 
By  the  increase  of  the  organ  in  length  the  antrum  is  carried  a  considerable  distance  to  the  light 
beneath  the  liver— «ven  mrther  than  the  pylorus  itself— so  that  the  terminal  part  of  the  stonuich 
is  bent  backwards  and  to  the  left,  in  order  to  reach  the  pylorus,  which  latter  very  rarely  pas£«s 
more  than  one  and  a  half  or  two  inches  to  the  right  of  its  normal  position,  namely,  in  the  empty 
condition,  within  half-an-inch  (12  mm.)  of  the  middle  line.  Fmally,  as  it  fills,  the  stomach 
becomes  gradually  more  oblique,  so  that  in  the  distended  state  the  long  axis  of  the  posterior 
two-thir£  of  the  organ  is  directed  forwards,  downwards,  and  to  the  right,  and  forms  an  angW 
of  about  40*^  to  45''  with  both  the  horizontal  and  sagittal  planes  (Fig.  743),  whilst  its  anterior 
third  is  still  more  oblique. 

There  is,  however  (as  pointed  out  by  Jonnesco),  no  distinct  rotation  of  the  organ  on  its  Iimg 
axis — ^110  turning  of  the  great  curvature  more  forwards,  nor  of  the  so-called  anterior  surface  nKov 
upwards. 

In  the  change  from  the  distended  to  the  empty  state  these  stages  are  reversed ;  the  whole 
stomach  is  contracted,  or  dravm  in,  from  all  directions  towards  the  lesser  curvature  ;  this  lattt^r 
IB  bent  upon  itself  to  an  acute  angle,  and  the  long  axis  of  the  otgan,  becoming  leas  obliqur« 
approaches  the  horizontaL 

Although  this  description  of  the  shape  and  direction  of  the  stomach  is  at  variance  with  th*- 
generally  accepted  accounts,  it  is  basea  upon  the  examination  of  a  considerable  number  of 
specially -hardened  bodies,  and  has  been  foimd  to  apply  so  generally,  that  it  is  advanced  her^  &> 
tne  condition  most  frequently  found  in  the  male  immediately  after  death,  and  as,  in  all  probability, 
giving  a  near  approximation  to  the  conditions  present  during  hfe.  It  must,  however,  K- 
admitted  that,  in  the  female,  as  a  result  of  tight  lacing,  the  stomach  is  often  found  to  aasumi* 
an  abnormal  vertical  position ;  but  this  condition  is  associated  with  displacement  of  oth«*r 
abdominal  organs  in  the  neighbourhood,  and  cannot  be  looked  upon  as  normal 

[In  the  present  edition  it  has  been  thought  right  to  leave  the  above  description  of  the  stomach 
as  it  was  originally  written  by  Professor  Birmingham.  Subsequent  investigation  has  served  U> 
show  the  accuracy  of  his  views  in  so  far  as  the  various  stomach  forms  which  he  describee  are  con- 
cerned, and  the  sha})e  which  he  ascribes  to  the  empty  condition  of  the  oigan,  and  which  he  ii^« 
the  first  to  describe  has  been  proved  beyond  dispute  to  be  frequently  met  with  in  properly 
prepared  subjects.  The  question,  however,  which  is  being  at  present  dUscussed  is  whetoer  tbi« 
stomach -form,  in  which  tue  cardiac  part  forms  a  more  or  less  capacious  sac,  and  the  pyloric  part 
is  tubular  and  thick -walled,  is  not  rather  to  be  associated  with  a  particular  stace  in  tlie  dimttw 
act.     From  investigations  on  the  cat  by  means  of  Rontgen  rays,  Cannon  has  shown  that  dunn^ 


anterior  wall  of  the  stomach  chamher,  and  thus  comes  into  relation  witli  the  uuder 
surface  of  the  left  lobe  of  the  liver  ou  the  right,  the  vault  of  the  diaphragm  on  the 
left,  and  the  anterior  abdominal  wall  in  front  (Fig.  739).     When  the  stomach  U 

Foua  ror  Bplgfllin  lob« 


Flu.   716.— Tub  Viscera  a-nu  Vesbklb  om  tbb  Pwtsi 
The  »tom»ch,  liver,  and  mo»t  of  the  intestines  have  been  removed.     The  pcritoneHm  fau  been  preserve")  no  tht 
right  kidney,  and  ilso  the  fww  for  the  Spigeliui  lobe,     lu  tiiliitig  out  tlte  liver,  the  vena  cava  wu  lrf[ 
behind.     The  stoinai^h  hetl  w  well  ahowo.      (From  a  body  honleued  by  chromic  acid  iujection^ ) 

empty,  on  the  other  hand,  the  transverse  colon,  as  just  explained,  doubles  up  over 
it,  and  seftaratea  this  surface  from  the  roof  of  the  chamber. 

The  lower  (or  visceral)  surface,  more  flattened  than  the  upper,  rests  upon  tlie 
stomach  led,  and  comes  into  relation  with  the  following  parts : — Behind,  at  the 
''undue,  with  the  diaphragm  and  gastric  surface  of  the  spleen ;  in  front  of  this  with 


The  cardia  is  very  deeply  placed,  and  liea  about  four  inches  behind  the  sternal  end 
of  the  seventh  left  costal  cartilage,  at  a  point  one  inch  from  its  junction  with  the 
Bternum.     Posteriorly  it  corresponds  to  the  level  of  the  eleventh  dorsal  vertebra. 

Owing  to  the  fixation  of  the  ataophagua  b;  ita  passage  through  the  diaphiwm,  and  the  ct»<^ 
connexion  between  the  stomach  and  the  diaphragm,  near  the  cardia  where  the  peritoneum  ia 
absent,  this  ia  the  moet  fixed  part  of  the  whole  organ.  The  object  of  this  immobility  in 
evidentlv  to  maintain  a  clear  passage  for  the  food  entering  the  Htomach.  The  orifice  i»  oval 
rather  tnan  round,  with  it«  long  axis  very  oblique  ;  and  although  the  presence  of  a  valvular 
arrangement  at  the  cardia  has  been  advocated  bj  several  authorities,  it  is  difficult  to  &nd  satis- 
factory proof  of  its  existence  in  hardened  bodies.  It  seema  more  probable,  on  the  whole,  that 
no  such  arrangement  naturally  exists  here.  On  the  other  hand,  the  muscular  margins  of  Ihp 
(esophageal  opening  in  the  diaphragm,  and  the  circular  fibres  of  the  lower  end  of  the  orcphagus, 
whith  are  particularly  well  developed,  afford,  by  their  simultaneous  contraction,  an  effective 
means  of  cloeing  the  cosophagus  immediately  above  the  cardia,  and  thus  of  preventing  regurgita- 
tion of  the  contents  of  the  stomach. 

The  pyloric  orifice  or  pylonis  is  the  aperture  through  which  the  stomach  coiu- 
municabes  with  the  duodenum.  It  is  marked  on  the  suriace  by  a  slight  constriction, 
most  evident  at  the  curvatures;  and  in  the  interior  by  a  prominent  thickening  of 
the  wall — the  pyloric  valve  (valvula  pylori) — produced  by  a  special  development  of 
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(N  Child.     (Fram  Stilw.) 

the  circular  muscular  fibres,  known  as  the  pyloric  sphincter  (musculus  gphincUT 
pylori).  When  examined  post-mortem  in  the  ordinary  way,  the  aperture,  viewtii 
from  the  duodenal  side,  is  somewhat  oval  in  form,  and  closely  reaemblea  the  external 
03  uteri  (Cunningham).  When  seen  from  the  opposite  side,  it  present.'?  an  irrej,'ular 
or  stellate  appearance,  owing  to  the  fact  that  the  rugte  of  the  gastric  mucous 
membrane  are  continued  up  to  the  orifice. 

The  pylorus  rests  on  the  neck  of  the  pancreas  below  and  behind,  and  is  over- 
lap])ed  by  the  liver  above  and  in  front.  Its  average  position  can  be  marked  on  the 
surface  of  the  body  by  the  intersection  of  two  Unes ;  one  drawn  horizontally  half- 
way between  the  top  of  the  sternum  and  the  pubic  crest  (Addison),  the  other  drawn 
vertically  a  little  way  (h  inch,  12  mm.)  to  the  right  of  the  middle  line. 

During  the  earlier  stages  of  gastric  digestion  the  sphincter  pylori  is  strongly  contwcuJ 
and  the  aperture  firmly  closed,  but  it  opens  intermittently  to  aUow  of  the  passage  of  prouffly 
digested  portions  of  the  food.  As  digestion  advances  the  sphincter  probably  relaxi-  -"■"—>■"»  ■ 
but  in  hardened  bodies  a  really  patent  pylonis  is  rarely  o *■"" -^   -kj-k  - 


HonT-glua  or  BUocnlu'  Stom&cli. — This  ia  a  condition  of  the  organ,  bj  no  me&na  rare, 
in  which  the  atomach  ia  more  or  leas  completely  separated  into  two  diviRiflna— a  cardiac  ami 
a  pyloriiv-the  normal  arrangement  in  certain  rodents  and  other  animals.  Ah  a  rule  the  fonnw 
division  is  the  larger,  but  occasionally  the  two  are  nearly  equal,  or  the  pyloric  portion  may 
exceed  the  cardiac  m  size.  Sometimes  the  condition  ia  temporary,  and  the  result  of  a  ri^roiii' 
contraction  of  the  circular  rauecular  fibres  at  the  seat  of  constriction.  In  other  cases  it  i8  ppr- 
raanent,  and  may  be  due  to  cicatricial  contraction  after  gastric  ulcer,  or  to  some  other  patholf^cal 
condition.  The  condition  is  more  frequent  in  the  female  than  the  male,  and  is  rarely  found  in 
the  fcetuB  or  child. 

Strdcture  op  the  Stomach. 

The  stomach  wall  ia  composed  of  four  coats — Damely,  from  without  inwards:  (I) 
peritoneal,  (2)  muscular,  (3)  submucous,  and  (4)  mucous  (Fig.  749). 

montha  Peritoneal  or  Swons  0<»t  (tunica  serosa). — ThiK 

coat  is  formed  of  the  peritoneum,  the  relations  of 

which  to  the  stomach  have  already  been  described. 

jmeo^  It   is   closely  attached  to   the   subjacent  muscular 

ncnibnuw  coat,  except  near  the   curvatures,  where   the  con* 

nexioQ  is  more  lax ;  and  it  confers  on  the  stomacli 

MoKularta  '^  smooth  and  glistening  appearance. 

maeon  Unscnlsr  Coat. — The  muscular  coat,  which  m 

composed  of  unstriped  muscle,  is  thinnest  in  the 
fundus  and  body,  much  thicker  in  the  pyloric 
portion,  and  very  highly  developed  at  the  pylorus. 
It  is  made  up  of  three  incomplete  layers— ati 
external  of  longitudinal,  a  middle  of  circular,  and  an 
internal  of  oblique  muscular  fibres, 
iiiu.ciiur'flb™  "^^^  exUrwU  layer  (stratum  longitudioale)  con- 

sists of  longitudinal  fibres,  continuous  with  those  of 
the  oesophagus,  on  the  one  hand,  and  those  of  the 
duodenum  on  the  other  (Fig.  750,  A).     They  are 
QrcDiu  most  easily  demonstrated  on   the  lesser  curvsUire, 

inDKiiin  fliHH  where  they  can  be  traced  down  from  the  right  side 

of  the  cesophagus.     Over  tlie  great  curvature  and 
j^      .     .  on  the  two  surfaces  they  arc  present  as  an  eitreniolj 

muncuEr  flbrw  tbiu  and  irregular  sheet.     Towards  the  pylonis  llio 

PenioiKiim  longitudinal    fibres    grow   much  thicker,  and   also 

Fin.  749.— Section    THRoroH    Wall    of   much   tougher  and  more    closely   united,   but  tlicT 

^rsff-f  ^*m'f ,'"°"""'  "'*''"'  (lo  not  t*ke  any  part  in  the  fonnation  of  the  pyloric 
tiioilified  from  Stubr  .  l  v  fj 

valve. 

A  specially -condensed  baud  of  these  can  be  often  made  out  both  on  the  front  and  liack 
at  the  antrum  pylori,  the  form  of  which  is  said  to  be  due  to  their  presence.  These  bands  ire 
known  as  the  pyloric  ligaments  (ligamenta  pylori). 

The  miiidle  layer  (stratum  circulare)  is  composed  mainly  of  circular  tibrcK,  continuous 
with  the  more  superQcial  of  the  circular  fibres  at  the  lower  end  of  the  osophagus  (Fip- 
750,  B).  They  do  not  commence  as  a  series  of  circular  bundles  surrounding  the  fundus 
as  usually  described.  On  the  contrary,  they  begin  as  a  set  of  U-shaped  bimdies  which 
loop  over  the  lesser  curvature  at  the  right  of  the  cardia,  and  pass  downwards  and  to  the 
left  on  both  surfaces.  Further  to  the  right  these  looped  fibres  are  succeeded  by  eircli?s 
which  surround  the  organ  completely.  Traced  towards  the  narrow  end  of  the  stomnci), 
the  circular  bundles  grow  thicker,  and  at  the  pylorus  they  undergo  a  further  increase, 
giving  rise  to  the  pyloric  sphincter  which  surrounds  the  orifice  as  a  thick  muscular  riug. 

On  the  gastric  side  the  pyloric  sphincter  passes  gradually  into  the  thick  circular  ljbr» 
of  the  pyloric  portion  of  the  stomach.  On  the  opposite  side  it  ceases  abruptly,  only  it^ 
outer  part  being  continued  into  the  circular  fibres  of  the  duodenum  (Fig.  751). 

The  inUmal  layer  (fibra  obliquie)  is  composed  of  fibres  which  are  arranged  on  the 
fundus  and  adjacent  parts  of  the  stomach,  in  much  the  same  manner  as  those  of  tbe 
middle  layer  are  on  the  body  and  pyloric  portion  of  the  organ  (Fig.  750,  C).  Continuous 
^bove  with  the  de^)er  circular  fibres  of  the  lower  epd  of  the  CcEOphagus,  thej  be^n  at 


an  CBBopliageal  branclt,  it  divides  into  two  large  biaiiuhes,  which  niu,  one  on  each  side,  tSoug  tliin 
curvature,  and   join   below   with   two  eimiiarly  diepOMd  anerirs 

,^.^i.OFHis    ^     derived  from  tlie  pyhric  branch  of  tlie  hejiatic     Froiu  the  two 

5a— ^^^^  arches  thus  formed,  four  or  five  large  brandies  paaa  to  each  Burface 

of  the  stomach,  and  Eoon  pierce  the  muscular  coat.  Along  the  great 
curvature  eeveial  enialler  branches  reach  the  stomach  from  the  riyhl 
and  left  gaetTO-fjripUiic  arleriet,  which  are  branche*  respeclivelyoflbc 
gaatro- duodenal  and  the  splenic,  and  run  in  the  great  omentum  close 
to  its  attachment  to  the  Btomoch.  Fiuallj,  four  or  five  rata  brma, 
branches  of  the  splenic,  are  distributed  to  the  fundus  of  the  stomach, 
Fw.  rsi. —  DiAQHAM  TO  SHOW  which  they  reach  by  ]"aB«iiig  forwards  between  the  layers  of  the 
FoHMATioN  ov  I'lLOBUS.  gastro-splenic  omentum.  At  first  the  arteries  lie  beneath  the  peri- 
P,  Peritoneum ;  L,  Lougi-  toueum ;  very  soon,  however,  they  pierce  the  muscular  coat,  which 
tudinitl  Ittjer  of  niusoular  they  supply,  and  reaching  the  submucosa,  break  up  to  form  a  cIom 
fibres  ;  C,  Circulnr  l»yer ;  network  of  vessels.  From  these  arise  numerous  small  braucba, 
H,  Mucous  membrane ;  V,  „^i^]^  ^^^^^  tj,g  mucous  membrane  and  form  capilbry  pleiivsm 
Villi.     It  wJl  U  seen  that  ^„„j  the  gUnds  as  for  aa  the  surface. 

P?^"''  narrowing  Is  due  -pj^^  ^^j^^  ^^^^  ^^  ^j^^  cajiillary  plciUBea  awjund  the  glsnda; 
^Jal  thickenW  of  tl.e  «"'*"{«■  tlj^X /■>'■"  *  network  in  the  subinucosa,  from  whic>  atL«. 
circular  muacolw  fibres,  branches  that  pierce  the  muscular  coat,  and  finally  end  in  iLc 
which  itops  abruptly  at  the  following  veins :  the  right  gattro-rpiphie,  which  joins  the  sup*ricT 
pyloric  orifice,  mesenteric ;   the   Uft  giuiro-epiplmc,  and   four  or  five  veins  corre- 

sponding to  the  vaia  brevia  arteria,  which  join  the  splenic  ;  tlie 
coronary  or  gailric  vein,  which  runs  along  the  lesser  curvature  towards  toe  cfirdia,  receives  an 
(esophageal  branch,  and  then  turns  down  and  nins  beside  the  coronary  artery  to  join  the  portal 
trunk  ;  and  the  pyloric  vein,  corresponding  to  the  same  named  artery,  which  also  joins  the  portal 
These  veins  contain  numerous  valves. 


which,  though  competent  to  prevei 
the  return  of  blood  in  the  child,  arc 
rarelr  so  in  the  adult. 

The    iTmpliatics    arise    in    the 
mucous  membrane  around  the  gastric 
glands;    they   then   join    a   plexus 
of    valved    vessels    in    the    sub  - 
mucoea,  from  which  the  chief  trunks        Dm 
pass  with    the   blood-vessels   to  the 
curvatures,  being  joined  on  the  wa^ 
by  the  efferent  vessels  of  a  subperi- 
toneal lymphatic  plexus.    They  are  ^ 
connected  with  the  superior  gastric 
glands  along  the  lesser  curvatures, 
the  inferior  gastric  glands  along  the 
great    curvature,    and    the    splunic 
glands,  which  they  reach  with  the 
vasa   brevia.     Finally,  the   efferent   ga,tiic™iB 
vessels  of  all  these  join  the  coiliac        »iih  g 
glands.                                                          '^ 

The  nervflB  are  derived  from  the 
two pneuinogaitritt  and  from  the  tolar        D^prva 
plcj:u«    of    the    sympathetic      The      **f„".^'^ 
jmeumogaslric    nerves    pass    down 
through  the  diaphragm   with    the 
a»ophaBus,  the  left  lying  on  its  front,     iMtHc"^' 
the  right  on  its  back  ;  in  this  way 

they   reach    the    iipjier  and    lower  B 

surfaces  of  the  stomach  respectively.    Fio.  752._Thk  Mmirs   Membranb  of  Stiiuach.     A,  Jiniii™! 
Heretheyunit«withthesympathetlc  sire;  B,    Maguifled  W  .liumelfri.      In    A  llie   rape  tn-l  lli'' 

fibres  from  tlie  cotliac  plexus  (an  otf-  inamiuiliaied  surface  are   stiowii.     In   B  tlie  gUud  mnniL' 

shoot  of  the  solar  plexus),  which  pass  (FoveoltE  gastrictp),  with  the  glnnd  tubm  ]«ai1iii)(  off  from -^n" 

to  Ibe  stomach  with  the  branches  of  of  llieni,  and  Hip  ridgei  separating  the  mouths  (plica>  villnw 

the  celiac  axis.     The  nerve   fibres,  are  awn. 

which   are  chiefly   non-rauduI)alcd, 

form  two  gangliated  plexuses,  those  of  Auerbach  and  Meissner,  in  the  muscular  and  i>ubiiiiio'ii> 
eoal«  respectively. 

The  duvelopiiient  of  the  stomach  i^  described  with  that  of  the  intfstincs  on  ji.  I  lO.'i. 

INTESTINES. 
Ab  the  coats  of  the  remainiiig  portions  of  the  diccfitive  tube  aeree  in  many 
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thicker  in  this  kttcr 
than  iu  the  ileum. 

Throughout  both 
the  Email  aud  large 
iutestiDea  the  But>- 
stance  of  the  mucous 
membrane  is  closely 
bestit  with  innumer- 
able email  (micro- 
scopic) tubular 
glands,  known  as  the 
^landa  or  foUiclei  of 
Li«berlca&li  (gland- 
ul»  intetttinales).  In 
shape  thejare  minute 
straight  tubes — like 
diminutive  test-tubes 
— with  their  mouths 
opening  on  the  sur- 
face, their  closed  eudx 
lying  in  the  deeper 
part  of  the  mucous 
coat,  and  their  cavities 
lined  by  columuar 
epithelium.  Thcv 
open  ou  the  surfiice 
between  the  villi  of 
the  valvulfe  eountventes.  In  the  large  gut 
e  mucous  membrane. 

Certaia  special  developments  of  the  mucous  coat,  found  in  particular  regions  of 
the  iutestiual  tube,  must  next  be  considered :  these  are  the  (1)  villi ;  (2)  valvula; 
conniventee ;  (3)  solitary  glands ;  and  (4)  agminated  glands,  or  Peyer's  patches. 

Villi  (villi  intestinaies). — If  the  mucous  membrane  of  any  part  of  the  small 
intestine  be  examined,  it  is  seen  to  present  a  soft,  velvety,  or  fleecy  appearance 
(Fig.  755,  B) ;  this  is  due  to  the  presence  of  an  enormous  number  of  minute  pro- 
cesses, known  as  villi,  which  cover  its  surface. 

Villi  are  minute  cylindrical  or  finger-like  projections  of  the  mucous  membiane 
(Fig.  754),  about  sV'h  °^  iVt**  °^  ^°  ^'^^  Cl'2  to  1'6  mm.)  in  height,  and  barely 
visiole  CO  the  naked  eye,  which  are  closely  set  all  over  the  surface  of  the  mucous 
membrane  of  the  small  intestine.  Beginning  at  the  edge  of  the  pyloric  valve,  they 
are  said  to  be  broader  but  shorter  in  the  duodenum,  and  to  grow  narrower  aa  they 
are  followed  down  through  the  intestine  to  the  ileo-ci3ecaI  valve,  at  the  edge  of 
which  they  cease.  They  are  found,  not  only  on  the  general  surface  of  the  mucous 
membrane,  but  also  upon  the  valvuhe  conniventes,  and,  while  they  are  not  present 
over  the  solitary  glands,  they  are  found  in  the  intervals  between  the  individu&l 
nodules  of  the  Feyer's  patchea 

They  are  connected  with  the  absorption  of  the  products  of  digestion  which 
takes  place  in  the  small  intestine. 

Valvnla  OonuiTentes  (plicae  circulares). — When  the  intestine  is  empty  and 
contracted,  its  mucous  membrane  may  in  places  be  thrown  into  effaoeahle  folds  or 
rugas,  which  disappear  on  distension.  But  in  addition  to  these,  there  are  found 
in  certain  portions  of  the  small  intestine  a  series  of  large,  permanent  folds,  which 
are  not  effaceahle ;  these  are  known  as  valvulic  conniventes  (Fig.  755).  They  are 
usually  more  or  less  creecentic  in  shape,  and  resemble  a  series  of  closely-placed 
shelves  running  transversely  around  the  gut.  They  rarely  form  more  than  two- 
thirda  of  a  circle ;  sometimes,  however,  they  present  a  circular  or  even  a  spiral 
arrangement,  the  SDiral  extendincr  little  more  than  once  round  the  tube,  as  a  rule. 
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the  small  intestine  they  are  found  on  the  valvulie  conaiveDtes,  aa  well  ae  upon  the 
general  surface  of  the  mucous  membrane  between  them. 

Feyer's  Patches,  or  Agmiuated  Glands  (noduli  Ijmphatici  aggregati,  tonsillic 
I  intestinales).  —  A  Peyer's  patch  consists  of  a  lai^ 
number  of  lymphoid  nodulea  grouped  closely  together 
BO  as  to  form  a  slightly  elevated  area,  usually  of  an 
oblong  form,  on  the  surface  of  the  niucous  membrane 
(Fig,  756).  In  length  they  vary  from  hall'  an  inch 
(12  mm.)  or  less  to  three  or  four  inches  (100  mm.),  and 
in  width  they  commonly  measure  from  a  third  to  half 
an  inch  (8  to  12  mm.).  Their  number  is  variable,  but 
in  the  average  condition  about  30  or  40  are  found. 
They  are  best  marked  in  young  subjects,  where  they 
form  considerable  elevations  above  the  general  surface, 
and  may  be  as  many  as  45  in  number.  After  middle 
life  they  ati-ophy,  and  in  old  age,  although  usually  to 
be  found,  they  are  indistinct,  occasionally  being  marked 
by  little  more  than  a  dark  discoloration  of  tbe  mucoua 
membrane.  They  are  invariably  situated  along  the 
free  surface  of  the  intestine  opiiosite  the  line  of  mesen- 
teric attachment,  with  their  long  axis  corresponding 
to  that  of  the  bowel.  Consequently,  in  order  to 
display  them,  the  tube  must  be  slit  up  along  its  attached 
or  mesenteric  border. 

Peyer's  patches  are  entirely  confined  to  the  sm&ll 

intestine,  being  lai^est  and  most  numerous  in  tbe  ileum, 

soiiunKUnd  iiio.rtnpii.w  fonii  Particularly   in   its  lower   part,   where   they    usually 

Pio.    75S.— Pbveb's   pATtH   AND  ^ssume  an  oblong  shape ;    in  the  lower   half  of  the 

SoLiTABt  glandh,  from  intwiine  jejuHTim  they  are  small,  circular,  and  few  in  number ; 

of  child  two  years  oiil  (natural  in  its  upper  part  they  are  rare;  and,  although  their 

"^'''  presence  has  been  noted  in  the  lower  portion  of  the 

*'fc»-''Bi.iii7*M^"'a*Va™i;  "u"  o*  duodcnum,  they  may  be  said  to  be  as  a  general  rule 

two  or  three  lytnphatii:  uiyiuies ;  absent  from  this  division  of  the  intestine. 

they  are  martwl   "' idtenoeilUte  ,    „ 

form."  TJie  valvuloe  eonmvenles  alop  at  the  uiargtnfi  of   Pvyer' 

patclieii,  and  are  not  continued  across  them  ;  but  villi  are  ft'innl 
on  the  surface  of  the  patches,  in  tiie  intervals  between  the  lymphoid  nodnleK. 

The  chief  bowel  lesion  in  typhoid  fever  is  found  in  Peyer's  patches  and  the  solitary  glandiL 
When  the  surface  of  a  Peyer's  pat^h  from  a  child's  int«stine  (in  which  these  Btrueture*  an- 
particularly  well  develoiwd)  ia  carefully  examined,  it  is  seen  to  be  made  up,  not  of  a  eerie:'  '•< 
separate,   rounded  nodules  grou{)ed  together,  but  rather  of  a  number  of  wavy,  irregular,  anH 


brancbiug  ridges  connected  with  one  another  by  cross  branches  (Fig.  756),  the  whole  recalline  iii 
miniature  the  appearance  of  a  raised  map  of  a  very  mountainous  district  in  which  the  cnivf 
chains  run  irregular  courses,  and  are  joined  to  one  another  by  connecting  ridgen. 


Small  patches,  intermediate  in  form  between  solitary  glands  and  Peyer's  jiatches,  and  consibi- 
ing  of  two  or  three  lymphoid  nodules,  are  aW  usually  present- 

THK  SMALL  INTESTINE. 

The  small  intestine  is  tbe  portion  of  the  digestive  tube  which  is  placed 
between  the  stomach  and  the  beginning  of  the  large  intestine.  It  commences  at 
the  pylorus,  where  it  is  continuous  with  the  stomach,  and  ends  at  the  ileo-caxiai 
valve  by  joining  the  large  intestine.  It  occupies  the  greater  portion  of  the 
abdominal  cavity  below  the  liver  and  stomach  (Kig.  740),  and  is  found  in  the 
umbilical,  hypogastric,  and  both  lumbar  regions ;  also,  but  to  a  less  ext«nt,  in  the 
other  regions  of  the  abdomen,  and  in  the  pelvic  cavity. 

In  h-ngth,  the  small  intestine  usually  measures  over  20  feet.  According  to 
Treves,  it  is  22i  ft.  in  the  male,  2;(  in  the  female,  whilst  Jonnesco  gives  the  averaf.'e 
length  at  24  ft.  7  ios.,  or  7i  metres.  In  form  it  is  cylindrical,  with  a  dianuUr 
varying  from  nearly  two  inches  (47  mm.)  in  the  duodenum  to  a  little  over  an  inch 
(27  mm.)  at  the  end  of  the  ileum;  there  is  thus  a  gradual  diminution  in  its  aiie 
from  the  pylorus  to  the  ileo-c^cal  valve. 
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portion  and  the  adjoining  two-thirds  of  the  inferior  or  third  portion,  are  placed  in 
the  umbilical  region.  With  the  exception  of  the  terminal  ascending  portion  of  the 
third  part,  the  whole  of  the  duodenum  lies  to  the  right  of  the  middle  lin& 

Its  length  is  usually  about  11  inches  (275  cm.),  its  first  portion  being  the  ahorteet 
and  its  third  portion  the  longest     Its  diameter  variee  considerably,  and  may  be 


The  atomsch,  liier,  and  iDiwt  of  the  mtentlnec  have  been  reiuoveil.  The  peritoDcnm  hu  bees  prewmd  on  it'' 
right  kidney,  and  the  fOHS  for  the  8]iigelian  lol*.  In  taking  out  the  liver,  the  vena  cma  wii  UR 
U-hiHil.     The  stomach-bed  in  hcU  shown.      (From  a  Ijody  hardened  hj  injection  of  chromic  acid.) 

8tatc<l  to  average  about  IJ  inches  when  empty,  but  it  may  be  as  much  as  two 
inches  when  distended. 

Relations. — The  first  or  flnperior  portion  (pars  superior)  begins  at  the  pyloniB 
opposite  the  first  lumbar  vertclira.  From  this  it  runs  to  the  right,  and  then 
backwards,  beneath  the  liver  when  the  stomach  is  empty,  but  directly  haekwanls 
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into  line  with  the  second  or  terminal  half,  which  is  always  directed  backwards.     Hence  the 
whole  of  the  first  portion  of  the  duodenum  is  directed  backwards  when  the  stomach  is  full 

The  second  or  descendiiig  portion  (pars  descendeDs)  begins  at  the  neck  of  the  gall- 
bladder, passes  down  behind  the  transverse  colon,  and  ends  at  the  right  side  of 
the  third  or  fourth  lumbar  vertebra.  In  length  it  measures  3jt  or  4  inches  (87  to 
10  cm.). 

In  front,  it  is  crossed  about  its  middle  by  the  beginning  of  the  transverse  colon 
(Fig.  758).  Above  the  colon,  it  is  in  contact  with  the  narrow  end  of  the  gall-bladder 
and  below  it  with  the  coils  of  the  small  intestine.  Behind,  it  is  connected  by  aieolar 
tissue  to  the  inner  part  of  the  right  kidney,  with  its  ureter  and  renal  vessels ;  it 
is  also  related,  as  a  rule,  to  the  right  psoas  muscle  below  the  kidney  (Fig.  757). 
To  its  outer  or  right  side  lies  the  liver  (here  presenting  the  duodenal  impression) 
above,  and  often  the  ascending  colon  below.  To  its  inner  side  are  the  inferior 
vena  cava  and  the  head  of  the  pancreas,  this  latter  overlapping  it  somewhat  in  front 

The  common  bile  duct,  after  passing  down  behind  the  first  portion  of  the 
duodenum,  descends  between  the  head  of  the  pancreas  and  the  second  portion, 
nearly  as  far  as  its  middle ;  here  it  is  joined  by  the  pancreatic  duct,  and  the  two, 
piercing  the  wall  of  the  duodenum  obliquely,  open  by  a  conunon  orifice  on  its 
inner  aspect,  about  3i  to  4  inches  (8*7  to  10  cm.)  beyond  the  pylorus. 

Peritoneal  relations. — There  is  no  peritoneum  on  the  posterior  or  deep  surface 
of  this  part,  whilst  its  superficial  or  anterior  surface  is  covered,  except  where  it  is 
crossed  by  the  colon  (Fig.  758). 

When  the  beginning  of  the  transverse  colon  is  completely  covered  by  peritoneum,  and  ba»  a 
mesentery  (a  condition  which  often  seems  to  be  determined  by  a  liver  large  in  the  vertical  direc- 
tion), the  whole  of  the  anterior  surface,  with  the  exception  of  the  insignificant  area  between  the 
two  layers  of  the  transverse  mesocolon,  is  covered  by  the  peritoneum. 

On  the  other  hand,  when  this  part  of  the  colon  has  no  mesentery,  it  hfts  the  peritoneum  uff 
the  front  of  the  duodenum,  and  leaves  a  considerable  "  uncovereid  area,"  which  is  united  by 
areolar  tissue  to  the  back  of  the  colon. 

The  third  or  inferior  portion  (pars  inferior)  begins  at  the  right  side  of  the  third 
or  fourth  lumbar  vertebra.  From  this  it  first  runs  more  or  less  transversely  to  the 
left  across  the  vena  cava  (Fig.  757)  for  one  or  two  inches,  and  then  passes  very 
obliquely,  or  even  vertically,  upwards  in  front  of  the  aorta  and  left  psoas  muscle. 
Finally,  having  reached  the  lower  surface  of  the  pancreas,  it  bends  forwards,  and 
passes  into  the  jejunum.  Owing  to  the  different  directions  which  they  take,  we 
can  recognise  two  divisions,  a  transverse  and  an  aiscending  terminal,  in  this  portion 
of  the  duodenum  (Fig.  757). 

In  front,  it  is  crossed  (about  the  junction  of  its  two  divisions)  by  the  superior 
mesenteric  vessels,  and  also  by  the  root  of  the  mesentery  (Fig.  758).  On  each 
side  of  this  it  is  covered  by  coils  of  small  intestine.  Behind,  its  horizontal  portion 
lies  on  the'  vena  cava ;  its  ascending  portion  on  the  aorta,  the  left  renal  vessels, 
and  the  left  psoas  muscle,  all  of  which  separate  it  from  the  vertebral  column. 
Above,  it  is  closely  applied  in  its  whole  extent  to  the  head  of  the  pancreas.  The 
left  side  of  the  ascending  terminal  part,  which  is  free,  lies  in  contact  with  some  coik 
of  the  small  intestine. 

Peritoneal  relations. — The  third  portion  of  the  duodenum  is  covered  by  peri- 
toneum on  its  anterior  surface  throughout,  except  where  it  is  crossed  by  the 
superior  mesenteric  vessels  and  the  root  of  the  mesentery  which  contains  them 
(Fig.  758).  In  addition,  its  ascending  terminal  portion  is  also  clothed  by  this 
membrane  on  its  left  side ;  and  here  are  usually  found  one  or  two  small  peritoneal 
pouches  known  as  the  duodenal  fossa. 

The  attachment  of  the  ro(jt  of  the  mesentery  begins  above  quite  close  to  the  duodeno-Jejuudl 
flexure,  on  the  front  of  the  du(xlenum ;  fix)m  this  it  runs  down  on  the  anterior  aajx^ct  of  the 
ascending  ttaniinal  part,  and  finally  leaves  the  duodenum  about  the  imion  of  the  two  tiivipiuiis 
of  its  thiiti  portion. 

Duodenal  Fossae. — In  the  neighbourhood  of  the  ascending  part  of  the  third 
portion  of  the  duodenum  are  found  three  well-kuown  fossse  of  the  peritoneum  which  are 
of  some  surgical  interest ;  these  are  the  superior  and  inferior  duodenal  and  the  paradm)- 
deiial  fossa?  (Fig.  759).     Other  rarer  forms  are  occasionally  present. 
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ment.      In  the  lower  part  of  the  duodenum   the  folds  are  large,  prominent, 
and  closely  set. 

On  the  inner  aspect  of  the  descending  portion,  about  its  middle — namely,  3^ 
or  4  inches  (8'7  to  10  cm.)  beyond  the  pylorus — ^is  seen  a  prominent  papilla,  on 
which  the  bile  and  pancreatic  ducts  open  by  a  common  orifice  (Fig.  760).  This  is 
known  as  the  bile  papilla  (papilla  duodeni ;  caruncula  major  of  Santorini). 

The  bile  papilla  is  placed  beneath,  and  protected  by,  a  prominent,  hood -like  valvula  con- 
nivens,  which  is  situated  immediately  above  it  From  its  lower  margin  a  firm  ridge  of  ilw 
mucous  membrane  (the  phca  longitudinalis  duodeni)  descends  for  a  considerable  distance,  and 
acts  as  a  frenum,  which  fixes  the  papilla  and  directs  ita  apex  somewhat  downwards  (Fig.  760). 
The  papilla  is  prominent,  and  nipple  or  dome-shaped,  ana  at  its  summit  is  placed  the  small 
orifice,  which  will  usually  admit  tne  point  of  a  pencil ;  the  whole  bears  a  clot^  rosemblanGe  to 
the  nozzle  of  a  perfume-spray. 

Nearly  an  inch  higher  up,  and  invariably  on  the  ventral  side  of  the  bile  papilla  (sometimes 
as  much  as  a  ^  to  }  inch  distant),  is  seen  a  second  and  smaller  papiUa  (the  caruncula  minor  of 
Santorini),  at  the  point  of  which  is  placed  the  very  small  orifice  of  the  accessory  pancreatic 
duct  This  second  papilla  seems  to  be  constantly  present,  although  sometimes  so  small  that  it 
may  easily  escape  detection  unless  carefully  sought  for.  When  well  developed,  it  may  have  a 
hood-like  valvula  connivens  and  a  little  frenulum,  like  those  of  the  bile  papina. 

Structure  of  the  Duodenum. — The  peritoneal  coat,  which  is  incomplete,  has 
already  been  described  in  detail,  in  connexion  with  each  division  of  the  duodenum. 

The  muscular  coat  is  well  developed,  and  is  pierced  by  the  bile  and  pancreatic  duct^ 
but  otherwise  calls  for  no  special  description. 

The  submucosa  differs  from  that  of  the  rest  of  the  small  intestine,  in  that  it  con- 
tains, especially  in  the  upper  half  of  the  duodenum,  the  glands  of  Bronner  (glandulte 
duodenales).  These  are  small  acinotubular  glands,  closely  resembling  the  pyloric  glands 
of  the  stomach,  which  lie  in  the  submucous  coat,  and  send  their  ducts  through  the 
muscularis  mucosae  to  open  on  the  surface  between  Lieberkiihn's  glands,  or  sometimes  iuto 
these  glands  themselves  (Fig.  754).  They  can  be  exposed  by  removing  the  peritoneal 
and  muscular  coats,  and  also  some  of  the  submucosa,  when  they  appear  as  little  round 
or  flattened  masses  of  a  reddish  gray  colour,  varying  in  size  from  ^th  to  -[Ah  of  ao  inch 
in  diameter  (-5  to  2*0  mm.).  They  form  an  almost  continuous  layer  as  far  as  the  opening 
of  the  bile  duct ;  beyond  this  they  diminish  progressively,  and  completely  disappear  near 
the  duodeno-jejunal  flexure. 

The  mucous  membrane,  which  is  thicker  in  the  duodenum  than  in  any  other  part  of 
the  small  intestine,  is  covered  throughout  with  broad  short  villi.  Its  other  character- 
istics have  been  already  fully  described. 

Various  Forms  of  Duodenum. — Three  different  types  of  duodenum  have  been  describerl— 
(1)  The  annular,  in  which  the  curves  separating  the  various  portions  are  open,  and  the  two 
extremities  come  fairly  close  to  one  another.  (2)  The  U-shaped,  m  which  the  transverse  part. of 
the  third  portion  is  very  long,  and  the  ascending  portion  nearly  vertical ;  and  (3)  the  V-shaped 
duodenum,  in  which  the  transverse  part  of  the  thim  portion  is  very  short  or  absent. 

Duodenal  Pouch. — A  diverticulum  of  the  duodenum,  arising  m>m  its  left  side  just  above  tiw 
opening  of  the  bile  duct,  and  running  into  the  substance  of  the  pancreas,  is  occasionally  found. 
It  is  possibly  connected  with  one  of  the  outgrowths  of  the  duodenimi  from  which  the  pancrvad 
is  developed  in  the  embryo. 

Vessels  and  Nerves. — The  duodenum  receives  ita  blood  from  the  superior  and  inferior 
pancreatico-duodenal  arteries,  branches  of  the  gastro-duodenal  and  superior  mesenteric  arterit« 
respectively.  The  blood  is  returned  by  the  corresponding  veins,  the  superior  of  which  opens  into 
the  superior  mesenteric,  and  the  inferior  into  the  beginnmg  of  the  portal  vein. 

The  lymphatics  pass  to  a  set  of  glands  placed  along  tne  pancreatico-duodenal  arteries,  and 
thence  to  the  cceUac  glands. 

The  nerves  come  from  the  solar  plexus  of  the  sympathetic. 

Dnodeno-jejanal  Flexure. — When  the  ascending  terminal  portion  of  the 
duodenum  reaches  the  under  surface  of  the  pancreas,  at  a  point  opposite  the  left 
side  of  the  first  or  second  lumbar  vertebra,  it  turns  abruptly  forwards,  downwards, 
and  to  the  left,  and  passes  into  the  jejunum.  This  abrupt  bend  is  known  as  the 
dnodeno-jeijunal  flexure.  Unlike  the  rest  of  the  duodenum,  which  is  subject  to 
considerable  variations  in  position  in  different  individuals,  the  duodeno-jejunal 
flexure  is  fixed  by  a  thin  band  of  unstriped  muscle,  which  is  attached  above  to  the 
strong  connective  tissue  around  the  cceliac  axis,  as  well  as  to  the  left  cms  of  the 
diaphragm,  and  below  joins  the  muscular  coat  of  the  duodenum  at  the  flexure. 
This  band  is  known  as  the  suspensory  muscle  of  the  duodenum  (musculus  sus- 
pensorius  duodeni — Treitz). 
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The  courae  taken  hy  the  gut  at  the  duodeno-jejiuial  flexure  is  Toriable  :  the  chief  direcliouR 
ill  their  order  of  frequency  are — (1)  downwards,  forwards,  and  to  the  left ;  (2)  directly  forwards 
nnd  downwards  ;  (3)  lo  tlie  left,  and  then  downwards ;  (4)  forwards  and  to  the  right  (Harraan). 

Some  of  the  fibres  of  the  suspenBory  muscle  are  said  by  Lockwood  to  pass  into  the  meaun. 
tery,  and  he  consequently  calls  it  "the  auapensory  muscle  of  the  duodenum  and  mesentery 

THE  JEJUNUM   AND   ILEUM. 

The  upper  two-fiftha,  that  is,  about  8  feet  of  the  small  intestine  beyond  the 
duodenum,  are  known  as  the  jfljoniuu  (intestinum  jejunum).  The  succeeding  three- 
fifths,  which  usually  measures  about  12  feet,  constitute  the  ileum.  The  ileum 
opens  into  the  large  intestine  at  the  junction  of  the  csecum  and  ascending  colon, 
where  its  orifice  is  guarded  by  the  ileo-caecal  valve. 

Both  the  jejunum  and  ileum  are  connected  to  the  parietes  by  a  large  fold  of 
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Fm.  761.^TnB  Abdominal  Viscera  aftfr  thb  Bbwoval  or  thf  Jejdkuh  avd  It.kum  (from  ■  fihotqfraph 
of  the  name  body  an  depicted  in  Fig.  73S).  The  transverse  colon  is  much  mom  regular  tbui  usual. 
Both  the  Uver  and  CBCum  eitend  lower  down  than  nonoal.  The  gobdivisioaa  of  the  flMoniinal  cavity 
are  indicated  by  dark  lines. 

peritoneum — the  mestntery — which  conveys  vessels  and  nerves  from  the  posterior 
aklominal  wall  to  these  divisions  of  the  intestine. 

The  part  of  the  tube  to  which  the  mesentery  is  connected  is  known  as  the 
mesenteric  or  attached  border ;  the  opposite  side  is  the  free  border. 

The  mesentery  (mesenterium)  is  a  broad  fan-shaped  fold,  composed  of  two 
layers  of  peritoneum,  which  connects  the  small  intestine  to  the  back  of  the  abdomen. 
One  border  of  the  fold  is  wide  and  contains  the  intestine  within  it  (Fig.  753). 
The  other,  known  as  the  root  of  the  mesentery  (radix  mesenterii),  is  compara- 
tively narrow,  being  only  6  or  7  inches  wide,  but  it  is  much  thicker  than  the 
part  near  the  gut,  for  it  contains  between  its  layers  a  considerable  amount  of 
fatty  subperitoneal  tissue,  in  addition  to   the  large  vascular  trunks  passing  to 
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the  intestine.  The  root  is  attached  to  the  posterior  abdominal  wall  along 
an  oblique  line,  extending  approximately  from  the  left  side  of  the  second 
lumbar  vertebra  to  the  right  iliac  fossa  (Fig.  761).  In  this  course  its  line 
of  attachment  passes  from  the  duodeno-jejunal  iS^exure  down  over  the  front  of 
the  terminal  part  of  the  duodenum,  then  obliquely  across  the  aorta,  the  inferior 
vena  cava,  the  ureter,  and  psoas  muscle,  to  reach  the  right  iliac  region. 

The  opposite  border  of  the  mesentery  is  frilled  out  to  an  enormous  degree,  so 
that,  while  the  root  measures  but  6  or  7  inches,  the  free  border  is  extended  to 
some  20  feet,  thus  resembling  a  fan,  one  border  of  which  may  be  twenty  or  thirty 
times  as  long  as  the  other.  The  length  of  the  mesentery,  measured  from  its  root 
to  the  attached  edge  of  the  intestine  directly  opposite,  usually  measures  at  its 
longest  part  about  6  inches  (8  or  9  inches,  Treves  and  Lockwood). 

Between  the  two  layers  of  the  mesentery  (Fig.  753)  are  contained  (a)  the 
intestinal  branches  of  the  superior  mesenteric  vessels,  accompanied  by  the  mesenteric 
nerves  and  lymphatics ;  (6)  the  mesenteric  lymphatic  glands,  which  vary  from  40 
to  150  in  number ;  (c)  a  considerable  amount  of  fatty  connective  tissue,  continuous 
with  the  extra-peritoneal  areolar  tissue ;  and  {d)  the  intestine  itself. 

The  peritoneum  from  the  right  side  of  the  mesentery  passes  out  on  the  posterior  abdominal 
wall  to  clothe  the  ascending  colon,  and,  above,  it  is  connected  by  a  fold  with  the  transverse  mm)- 
colon.  That  of  the  left  side,  similarly,  passes  across  the  parietes  to  the  descending  and  iliac 
colona 

The  mesentery  begins  alx)ve,  immediately  beyond  the  ending  of  the  duodenum — that  i-s,  in 
the  angle  of  the  duodeno-jejunal  flexure — and  it  ends  below  in  the  angle  between  the  ileum  and 
ascending  colon.  It  is  very  short  at  each  end,  but  soon  attains  the  average  length.  Its  longa^t 
part  goes  to  the  portion  of  the  small  intestine  situated  between  two  point^  one  six  feet,  the  other 
eleven  feet  from  the  duodenum  (Treves). 

Whilst  the  root  of  the  mesentery  pursues  at  its  attachment  an  almost  straight  line  from  one  end 
to  the  other,  if  cut  across  a  very  short  distance  from  the  posterior  abdominal  wall,  it  will  here  be 
found  to  form  a  wavy  or  undulating  line.  Further  out  still  this  condition  becomes  more  and  more 
marked  ;  and  finally,  if  the  bowel  be  removed  by  cutting  through  the  mesentery  close  to  its  attach- 
ment to  the  intestinal  wall,  it  will  be  seen  that  its  free  edge  is  not  only  undulating,  but  is  frilled  or 
plaited  to  an  extreme  degree.  When  shown  in  this  way,  it  is  found  that  the  plaiting  or  folding 
is  not  quite  indiscriminate,  but  that  the  main  folds,  of  which  there  are  usually  six,  run  alter- 
nately to  the  right  and  left  As  a  rule,  the  first  fold  runs  to  the  left  from  the  duodeno-jejunal 
flexure,  and  goes  to  a  coil  of  jejunum  which  lies  under  the  transverse  mesocolon,  and  help  to 
support  the  stomach  ^this  coil  has  l)een  already  referred  to,  page  1053).  The  second  fold  jia-N^- 
to  the  right,  the  thira  to  the  left,  and  so  on  up  to  the  fifth  and  sixth,  which  are  usually  sniall. 
From  the  margins  of  these  primary  folds  seconaary  folds  project  in  all  directions,  and  from  these 
again  even  a  tnird  series  may  be  formed. 

This  order  is  of  couree  by  no  means  constant,  but  if  the  intestine  be  removed  from  a  hardeuetl 
body  in  the  way  suggested,  without  disturbing  the  mesentery,  it  will  be  found  to  be  arranged 
with  more  or  less  regularity,  on  some  such  plan  as  that  indicated. 

Arrangement  of  Coils  of  Small  Intestine. — Although  the  greatest  variety  is 
found  in  the  disposition  of  the  small  intestine,  and  it  is  impossible  to  state  in  what 
regions  of  the  abdomen  the  different  parts  of  the  tube  will  be  found,  still  it  may 
be  said  that  in  general  the  jejunum  (as  might  be  expected  from  the  position  at 
which  it  begins)  is  placed  above  and  to  the  left,  in  reference  to  the  ileum,  which 
latter  lies  below  and  to  the  right.  Again,  the  upper  part  of  the  jejunum  is  usually 
situated  to  the  left  of  the  duodeno-jejunal  flexure,  in  contact  with  the  under 
surface  of  the  pancreas  and  transverse  mesocolon ;  and,  similarly,  the  terminal  part 
of  the  ileum  almost  always  lies  in  the  pelvis,  from  which  it  passes  up  over  the 
right  side  of  the  pelvic  brim  to  reach  the  ileo-ciecal  orifice.  Another  portion  of 
the  small  intestine  is  not  uncommonly  found  in  the  pelvis ;  this  is  the  part  with 
the  longest  mesentery,  and  lies  between  two  points,  six  and  eleven  feet  respectively 
from  the  duodenum  (Treves). 

Differences  between  Jejimom  and  Ileam. — If  the  small  intestine  be  followed 
down  from  the  duodenum  to  the  caecum  no  noticeable  change  in  appearance  will 
be  found  at  any  one  part  of  its  course,  to  indicate  the  transition  from  jejunum  to 
ileum ;  for  the  one  passes  insensibly  into  the  other.  Nevertheless,  a  gradual  change 
takes  place,  and  if  typical  parts  of  tlie  two,  namely,  the  upper  portion  of  the 
jejunum  and  the  lower  portion  of  the  ileum,  ])e  examined,  they  will  be  found  to 
present  cliaracteristic  difl'erences,  which  are  set  forth  in  the  following  table : — 
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Been  projecting  o»  its  surface.  Peyer's  patches  are  particularly  large  and  nuDieroua  ia 
the  ileum;  thoy  are  fewer,  smaller,  and  usually  circular,  in  the  jejunum.  Finally,  the 
mucous  membrane  forms  valvultc  conniveutes,  which  are  much  more  prominent  in  the 
jejunum  ;  they  are  smaller  and  fewer  iu  tbe  upper  part  of  the  ileum,  aud  usually  disappear 
a  little  below  ite  middle. 

THE  LARGE  INTESTINE. 

The  ileum  ia  succeeded  by  the  large  intestitie  (iDtestiuutu  craseum),  which 
begins  on  the  right  aide,  floiue  2^  inches  below  tbe  lleo-ciecal  jvuictioD,  and  com- 
prises the  following  parts : — 

1.  Tbe  cfficnm,  a  wide,  short  cul-de-sac,  consisting  of  the  portion  of  the  large 
bowel  below  the  ileo-csecal  junction.  It  lies  in  the  right  iliac  region,  and  from 
its  inner  and  back  part  a  worm-shaped  outgrowth,  the  Termifonn  procees,  b  pro- 
longed (Fig.  761). 

2.  The  ascending  colon  extends  from  the  csecum,  up  in  the  right  side  of  the 
ahdomen,  to  the  liver :  here  the  gut  bends  to  the  left,  forming  tbe  hepatic  flszora, 
which  connecta  the  ascending  colon  to  the  tranaveree  colon 

3.  The  transTerse  colon  is  a  long  loop  of  intestine  which  arches  across  the 
abdominal  cavity  in  an  irregular  manner.  It  ends  at  the  lower  extremity  of  the 
spleen,  where  it  turns  downward,  forming  the  splmic  flexure,  and  pasaes  into  the 
descending  colon. 

4.  The  descending  colon  runa  down  on  the  left  side,  from  the  splenic  fiexure 
to  the  iliac  crest. 

5.  The  iliac  colon  extends  from  the  crest  of  the  ilium  to  the  brim  of  the  pelvis, 
where  it  is  succeeded  by  the  pelvic  colon. 

6.  The  pelvic  colon  is  a  large  loop  of  intestine  which  is  usually  found  in  the 
pelvis.  The  iliac  and  pelvic  portions  of  the  colon  taken  together  are  commonly 
described  as  the  sigmoid  Jiexure  of  the  colon. 

7.  The  rectum,  tbe  terminal  part  of  the  large  bowel,  succeeds  the  pelvic  colon, 
and  ends  at  the  anal  oriflce. 

In  its  course  the  large  bowel  is  arranged  in  an  arched  manner  around  the 
small  intestine,  which  lies  within  the  concavity  of  its  curve  (Fig.  739). 

Id  length,  the  great  intestine  is  equal  to  about  one-fifth  of  the  whole  intestinal 


ApptniticM  EpIplolCB 
FlO.  762. — L&BCE   IKIESTINE 

A  piece  of  lniiuv«rse  colon  from  a  cbild  two  f  em  old.     Hie  tfaree  chief  chBTacteriittes  t>l  tba  Urge 
saecuUtions,  tieaic  utid  appendiiea  epiploics— are  shown. 

canal,  and  usually  measures  between  5  and  SJ  feet  (180  to  195  cm.).  Its  breadth 
is  greatest  at  the  csecum,  and  from  this — with  the  exception  of  a  dilation  at  the 
rectum — it  gradually  decreases  to  the  anua.  At  the  caxum  it  measures,  when 
diatended,  about  3  inches  (75  mm.)  in  diameter;  beyond  this  it  gradually 
diminiahes,  and  measures  only  li  inch  (37  mm.)  or  less  in  the  descending  and 
iliac  divisions  of  the  colon. 

The  large  intestine,  with  the  exception  of  the  rectum  and  vermiform  appendi-X, 

may  be  easily  distinguished  from  the  regularly  cylindrical  small  intestine  by  (a) 

the  presence  of  three  longitudinal  bands— the  tonite  coli — running  along  its  surface 

'Fig.  762);  (6)  by  the  fact  that  its  walls  are  sacculated;  and  (c)  by  the  presence 

numerous  little  peritoneal  processes,  known  as  appendices  epiploice,  projecting 
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i/issmismt  k  s/ldiiim,  tk  la^  ktestke is  msllj  md&  ^D  tk 
kt  too  Bocb  relimee  mnot  k  placed  dd  this  cbsract^,  fat  tk  jejmm  is 
■iiiileed,geBmllf— wider  tks  tk  empty  and  mtraeted  desMiJuifr  coha. 
t  M—k  the  kige  bowel,  iinlik  the  small,  the  hgitndis^  Sbns  of 
■kr  ml  do  Boi  fom  a  compete  lajer,  costinaoas  all  nmd  the  tutie, 
?  miiai^,  are  broken  up  (Fig.  ^S2)  into  tbite  knds,  knowB  ss  tk 
These  bsak  whieb  are  about  j  indi  (6  nan.)  wide,  h^n  at  the  hm 
m  s^jendix,  and  ma  along  tbe  sarl'ace  of  the  gut  at  nurlj  equal 
(sie  snolkr  iintil  the  lectm  is  mched  Here  they  spread  ou( 
ofloBgikdinal  mmakr  Sbres,  whieb  is  coBtinaoas  all  mud  the 
The  bands  are  about  one-sixth  shorter  than  the  intestiae  to 
wBsejiienl//,  in  order  to  accommodate  the  bowel  to  the  length 
'is  koked  up,  giving  rise  to  a  sacculated  condition  (Fig.  f62). 
or saoeales  are  thmprodueed,  alomr  the  lensth  of  the  tube. 
'/  tie  txnjs  be  dissected  oj? 
'/adrica/,  and  at  the  same  timt 
e  (Fig.  762)  are  little  processt 
'snded  with  fat,  ezcept  in 
•dong  ibe  whole  length  d  th 


'/  distended  and  dried  ki^ 
161!  (SaastraJ,  separated  bj 
the  creases  oa  the  exterior 


itestisesism  follows  :—0n  tbi 
r  aspect  of  the  gut,  and  two  I 
inner  side  /postBro-tntetval) 
ndices  epipJoicm  are  found, 
ndered  exactly  similar  by 
'n  the  traaaverse  colon  in  th 
ig  colons  beccmea  the  pes 
t!ie  anterior  (or  omental), 
'  poetero-eiterBMi  tienise  o 


CIS  to  19  mm.).     Under 

V  reduced. 

'isent  in  tie  fatua,  can  I 
'in  no  fat 

V  coa£  is  complete 
ooJon ;    incomplete 

a  the  rectum.     It 

•ofaa,  but  becomes 
ice  IS  smooth  J  owii 
■  of  numerous  li 
r  fn  the    verznifo 


fr  hJotxf  /ix>in  tht 
'  colon  from   tho 
of  the   superior 
fiac  and  pelvic 
(V«a  its  blood 
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HerTM. — The  nerves  come  from  the  superior  meeenUric  plexus,  an  oBshoot  of  the  lolar 
plezuB,  and  fiom  the  inferior  meeeuteric,  a  derivation  of  the  aortic  pleKoa,  The  anangement  it 
Bimilar  to  that  of  the  nerves  of  the  small  inlfiatine. 

THE  CECUM  AND  APPENDIX. 

Osecum. — After  leaving  the  pelvic  cavity,  as  already  deacribed.  the  termioal 
portion  of  the  small  intestine  passes  upwards,  backwards,  and  to  the  right,  and 
opens,  by  the  ileo-caecal  orifice,  into  the  lai^e  intestine  some  2J  inches  from  its 

lower  end.     The  portion  of  the 

large  gut  which  lies  below  the 

coll     level  of  this  orifice  is  known  as 

the  cncnm  (caput  ceecum  coli). 

or      In  thape  (Fig.  763)  it  is  a  wide, 

unsymmetrical,  or  lop-sided  cul- 

*       de-sac,  furniahed  with  the  tseniie 

and  aacculations  usually  found  in 

0  the  large  intestine.    Itslowerend 

™"°  '        OT  fundus  is  directed  downwards 

l^iiin  &°d  inwards,  and  usually  rests 

on  the  front  of  the  right  psoas 

muscle,  close  to  the  brim  of  the 

pelvis;  whilst  the  opposite  eud 

Ta-nL  is  directed   upwards   and    out- 

u^  wards,  and  is  continued  into  the 

ascending  colon. 

fto.  793.-C«cuH  BuowiNQ  lLEo-c«ciL  V*LVE.  jjg  unsymmetrical  form  U  dun  tu 

Tha  caKum  liu  been  dlateDdeil  uilli  air  and  dried,  iLil  a  portion    the   fact   that   the   outer   and    inner 

of  it«  anterior  wall  bu  be«n  reniotsd.  portions  of  the  organ  undeivo  an  ud- 

equal  development  in  the  child.    Tbi* 

inner   (or   inner  and    posterior)   section   lags  behind,  vhikt  the  outer  (or  oater  and  anteriurj 

diviaion  grows  miicli  more  rapidly,  and,  projecting  downwards,  soon  cornea  to  form  the  lowrr 

end  or  mndos  of  the  cscum.     As  a  result  the  original  extremity  of  the  gat,  with  the  vemii- 

form  process  springing  from  it,  is  bidden  awaj  behind  and  to  the  inner  side  of  the  fundus. 

In  length  the  distended  caecum  usually  measures  about  2J  inches  (60  mm.); 
whilst  its  breadth  is  usually  more,  and  averages  about  3  inches  (75  mm.). 

Foaition. — It  is  situated,  when  normal,  almost  entirely  within  the  right  ihmi 
region  of  the  abdomen,  immediately  above  Poupart'a  ligament ;  but  its  lowi-r  end 
projects  inwards  in  front  of  the  psoas  and  reaches  tha  hyp<^astrium  (Fig.  769j- 
On  the  other  hand,  it  is  sometimes  found,  even  when  quite  healthy,  high  up  in 
the  right  lumbar  reyion  (owing  to  the  persistence  of  the  fatal  position),  or  hanginj; 
over  the  pelvic  brim  and  dipping  into  the  pelvic  cavity  to  varying  extents. 

In  the  greiit  majority  of  cases  the  crecum  is  completely  covered  by  peri- 
toneum on  all  o-ipects,  and  lies  quite  free  in  the  abdominal  cavity.  In  a 
small  proportion,  namely,  about  6  or  7  per  cent  of  bodies,  the  posterior  surfai'r 
(probably  as  a  result  of  adhesions)  is  not  completely  covered,  but  over  a 
greater  or  less  portion  of  its  extent  is  bound  down  to  the  posterior  altdoDiiniil 
wall  by  connective  tissue. 

Belations. — Behind,  the  ceecum  reets  on  the  ilio-psoas  muscle ;  generally,  too, 
on  its  own  vermiform  process  and  the  external  iliac  artery.  In  front,  it 
usually  lies  in  contact  with  the  anterior  abdominal  wall ;  sometimes,  however, 
when  the  caicum  is  empty,  the  small  intestine  intervenes.  Its  outer  fidf  i» 
placed  immediately  above  the  outer  half  of  Poupart's  ligament  (Fig.  769),  whilst 
the  inner  side  has  the  termination  of  the  ileum  lying  in  contact  with  it.  On  tlu" 
inner  and  posterior  aspect,  but  more  on  the  former  than  the  latter,  tlm  "ui^ 
intestine  joins  the  caecum.  On  the  same  aspect,  and  usually  about  IJ  inclie.'* 
(;U  mm.)  lower  down,  the  vermiform  process  comes  off. 

The  inCeriiir  of  the  ctecum  corresponds  in  general  appearance  to  that  of 
thtt  large  intestini^;  but  it  presents  two  sp-cinl  features  on  the  jiosterior 
[Htrt  of  its  iuner  wall,  namely,  the   ilao-cscal  orifice,  guarded    by  tlie  il»o-»cil 
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,*     Ci^CUUAA 

MUCOUS  MCMBKANK 


Structure  of  the  Ileo-cxcal  Valve. — £ach  segment  of  the  valve  is  formed  of  an 
iDfolding  of  all  the  coats  of  the  gut,  except  the  peritoneum  and  the  longitudinal  muscular 
fibres,  and  consequently  it  consists  of  two  layers  of  mucous  membrane,  with  the  sub- 

mucosa  and  the  circular  muscular  fibres  between,  all  of 
which  are  continuous  with  those  of  the  ileum,  on  the  one 
hand  and  of  the  large  intestine  on  the  other.  The  surface 
of  each  segment  turned  towards  the  small  intestine  is 
covered  with  villi,  and  conforms  in  the  structure  of  its 
mucous  membrane  to  that  of  the  ileum;  whilst  the 
mucous  membrane  of  the  opposite  side  resembles  the 
mucous  coat  of  the  large  bowel. 

In  the  dried  specimen  the  upper  seffment  usually  projecta 
further  into  the  cavity  of  the  caecum  man  the  lower,  bo  that 
the  aperture  appears  to  be  placed  between  the  edge  of  the 
lower  segment  and  the  under  surface  of  the  upper. 

There  is  little  doubt^  as  pointed  out  by  Svmington,  that 
the  efficiency  of  the  ileo-csecal  valve  is  laxgely  due  to  the 
oblique  manner  in  which  the  ileum  enters  or  invaginates  the 
caecum ;  this  oblique  passage  alone,  as  in  the  case  of  the 
ureter  piercing  the  wail  of  the  bladder,  would  probably  be 
sufficient  to  prevent  a  return  of  the  cecal  contents.  In  the 
f^reat  majori^  of  cases,  when*in  position  within  the  body,  the 

Fia.   765. DiAOBAMMATic  Section  ileum  is  perfectly  protected  from  such  a  return,  although  whea 

THROuoH  THE  JUNCTION  OF  ILEUM  the  parts  are  removed,  and  then  distended  with  fluid,  this  often 
WITH  CiEcuM,  TO  SHOW  THE  passes  throu^  the  valve,  and  reaches  the  small  intestine. 
Formation  of  the  iLEO-ciscAL  StOl,  the  efficiency  of  such  a  test,  applied  when  the 
Valve.  parts  are  deprived  of  their  natural  supports,  cannot  be  relied 

upon. 
The  size  of  the  segments  of  the  valve,  as  seen  in  the  dried  condition,  varies  considerably ; 
they  are  sometimes  very  imperfect ;  and  even  the  absence  of  both  has  been  recorded.     But  here 
again  there  is  danger  of  falling  into  error,  through  examining  the  parts  under  such  artificial 
conditions. 

DeTelopment  of  Osscnm  and  Appendix — ^The  caBcum  first  appears  in  the  embryo,  at  about 
the  fifth  week,  as  a  small  outgrowth  of  the  wall  of  the  primitive  gut  (mid -gut),  not  yet 
differentiated  into  small  and  large  intestines.  At  this  time  the  outgrowth  is  of  the  same  size 
throughout,  and  is  practically  equal  to  the  intestines  in  diameter.  About  the  eleventh  week, 
whilst  the  large  ana  small  bowels  are  still  of  the  same  width,  it  has  increased  very  oonsiderahly 
in  length  (being  equal  to  about  five  times  the  diameter  of  the  small  intestine,  and  thus  being 
relatively  as  lon^  as  in  the  adult) ;  but  even  at  this  early  date  the  basal  portion,  for  about  one- 
fifth  of  its  lengtn,  is  quite  as  wicle  as  the  intestine,  whilst  the  remaining  four-fifths  of  the  out- 
frowth — ^the  future  appendix — is  only  about  one-half  or  one-third  the  diameter  of  the  gut 
'rom  this  it  is  seen  that  the  distal  portion  of  the  outgrowth,  which  subsequently  becomes  the 
vermiform  process,  begins  to  lag  behind  even  at  this  early  period  of  its  development. 

The  basal  portion  continues  to  expand  with  the  gut ;  the  distal  part  grows  rapidly  enough 
in  length,  but  otherwise  enlarges  very  slowly,  so  that,  towards  the  end  of  festal  life,  the  ciecuin 
has  attained  a  conical  shape,  the  wider  end  joining  the  ascending  colon,  the  narrow  end  tapering 
gradually  and  passing  into  the  vermiform  procesa  This  form,  known  as  the  infantile  type  of 
caecum,  18  retained  for  some  time  after  birth,  or  even  may  (in  2  or  3  per  cent  of  cases)  persist 
throughout  life. 

As  early  as  the  sixth  or  seventh  month  of  foetal  life  the  wall  of  the  terminal  portion  of  the 
small  intestine  adheres  to  the  inner  side  of  the  csecum  for  some  distance  below  the  ileo-cscal 
orifice.  And  this  connexion,  which  is  rendered  more  intimate  by  the  passage  of  two  folds  of 
peritoneum,  one  on  the  front,  the  other  on  the  back,  between  the  two  parts,  profoundly  modifies 
the  8ul>sequent  growth  of  the  caecum,  and  determines  very  largely  its  adult  form.  For,  when  the 
caecum  begins  to  expand,  the  inner  aspect  is  prevented,  by  its  connexion  with  the  termination 
of  the  ileum,  from  enlarging  as  freely  as  the  rest  of  the  wall ;  in  consequence  of  this  the  outer 
part  grows  and  expands  much  more  rapidly,  producing  the  lop-sided  appearance  already  referred 
to,  and  soon  conies  to  form  the  lowest  part  or  fundus  of  the  caecum,  and  the  greater  part  of  iti» 
sac ;  whilst  tlie  original  apex,  with  the  vermiform  appendix  springing  from  it,  anchored,  as  it 
were,  to  the  end  of  the  ileum,  is  thrust  to  one  side,  and  finally  lies  on  the  inner  and  posterior 
aspect  of  the  cmcum,  a  little  way  below,  and  usually  posterior  to,  the  end  of  the  ileum. 

The  position  of  the  caecum  varies  at  different  periods  of  foetal  life.  About  the  eleventh  or 
twelfth  week  it  lies  immediately  beneath  the  liver,  and  to  the  left  of  the  middle  line ;  it  then 
graduallv  travels  to  the  right,  crossing  the  descending  duodenum,  and  is  found  lying  on  the 
right  side,  just  beneath  the  liver,  at  the  fourth  month.  From  this  it  descends  slowly  to  its 
aoult  position,  which  it  usually  approaches  towards  the  end  of  foetal  life,  but  it  may  not  actually 
reach  it  until  some  time  after  birth.  An  imperfect  descent  gives  rise  to  the  lumhtar  position  of 
the  caecum,  or  an  excess  in  this  direction  to  the  pelvic  position  (referred  to  on  p.  1076). 

Types  of  Caecum. — Three  chief  types  of  caecum  may  be  distinguished — the  fatal  type^  conical 
in  shape  and  nearly  symmetrical,  with  the  lower  end  gradually  passing  into  the  vermiform 
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the  ileo-CEBcal  orifice.  These  are  the  relative  positions  of  the  two  nrifices,  as  seen 
from  the  interior  of  the  caecum ;  viewed  from  the  exterior,  the  base  of  the  appendix 
18  within  J  inch  of  the  lower  border  of  the  ileiim.  This  apparent  differeoce  is  due 
to  the  fact  that  the  ileum  adheres  to  the  inner  side  of  the  c^cnni  for  a.  distance  of 
nearly  1  inch  before  it  opens  into  it. 

Sometimes  the  orifice  of  the  appendix  has  a  crescentic  fold  or  valve  (valvuk 
processus  vermiformia)  placed  at  its  upper  border ;  but  it  is  probably  of  very  httle 
functional  importance  when  present,  for  the  aperture  of  the  appendix  is  usually  so 
small  that  its  cavity  is  not  likely  to  be  invaded  by  the  contents  of  the  caecum. 

The  vermiform  process  is  completely  covered  by  peritoneum,  and  has  a  con- 
siderable mesentery,  the  meso- appendix  (mesenteriolum  processus  vermiformia), 
which  extends  to  its  tip  as  a  rule,  and  connects  the  process  to  the  under  surface  of 
that  part  of  the  mesentery  proper  which  goes  to  the  lower  end  of  the  ileum. 

The  appendix  is  relatively,  to  the  rest  of  the  large  intestine,  loneer  in  the  child  at  birtb  Iban 
in  the  adult,  the  proportion  being  about  1  to  16  or  IT  at  birth  and  1  to  19  or  20  in  Ibe 
adult,  ^he  difference  ib  certainly  not  as  great  as  stated  by  Ribbert,  who  makes  the  projniiion 
1  to  10  at  birth  and  1  to  SO  in  the  adult)  The  process  attains  its  greatest  len^h  and  diaiurtvr 
during  adult  and  middle  ago,  and  atropliics  slowly  after  that  time.  It  is  said  to  be  alighily 
longer  in  the  male  than  in  the  female. 

Total  occlusion  of  its  cavity  is  found  in  3  or  4  per  cent  of  bodies ;  it  is  then  converted  into  a 
fibrous  cord  Partial  occlusion  is  present  in  S6  per  cent  of  all  cases,  and  in  more  than  50  per  «ni 
of  those  over  60  years  old,  whilst  it  is  unknown  in  the  child.  Tliis  frequency  of  occlusion,  thr 
physiological  atrophy  which  takes  place  after  middle  life,  the  great  variations  in  length,  and  olher 
signs  of  instability,  have  been  considered  to  point  to  the  retrogreeeive  cliaracter  of  Itie  appendii. 

A  vermiform  process  is  found  only  in  man,  the  higher  apes,  and  the  wombat,  altuuiigli  in 
certain  rodents  a  somewhat  similar  arrangement  exists.  In  carnivorous  animals  the  ciecum  is  vrry 
slightly  developed ;  in  herbivorous  anim^  (with  a  simple  stomach)  it  is,  as  a  rule,  extremely  larp'. 
It  has  been  suggested  that  the  vermifonn  process  in  man  is  the  degenerated  remains  of  tlie 
herbivorous  uecuni,  which  has  been  replaced  by  the  carnivorous  form.  Another  and  (lerbApi 
more  probable  view  regards  the  appendix  as  a  lymphoid  organ,  having  the  same  functiom  u 
Peyer's  patches,  and  like  these  undergoinc  degeneration  after  middle  life  (Berry). 

In  the  f(Btus  and  child,  as  well  as  in  the  adult  with  the  infantile  type  of  cecum,  the  appcmiii 
springs  from  the  true  apex,  not  from  the  inner  and  posterior  aspect. 

Foreign  bodies,  although  reputed  to  find  their  way  very  easily  into  the  appendix,  are  nnly 
found  there  after  deatL  On  the  other  hand,  concretions  or  calculi,  formed  of  mucus,  fieces,  iiw 
various  salts,  are  often  present  (Berry). 

Structure  {Fig.  767).— The  serouB  coat  is  complete,  and  forma  a  perfect  investment 
for  the  process.     The  mnscnlar  coat,  unlike  that  of  the  rest  of  the  Urge  intestine,  ha^  » 


Pio.  767.— Strdcturb  op  thi  Vbrmifork  Apmndis. 

A.    From  ft  child  two  yesrs  aid.  B.  From  ■  malf.  age  M. 

It  will  bs  observed  tbst  the  subinucoJin  i«  ilimwt  entirely  occupied  by  lymphoid  uoduln^  uid  palchc*.     Thr 

maaciiluis  njaccuie  it  very  fsint.  and  lies  quite  close  to  the  baaes  of  Lielfrkiibu'i^  glouiis.     Tlx  Ii'UKi 
tudiual  layer  of  muscular  fibres  Torma  a  contiuuoui  bbeet. 

continuouH  and  stout  layer  of  longitudinal  fibres,  which  passes  at  the  root  of  the  prvcM^ 
into  the  three  taenia;  coli  (Fig.  7Ca).  The  layer  of  circular  fibres  is  well  developed.  The 
nbmncoaa  is  almost  entirely  occupied  by  large  maaaea  of  lymphoid  tissue  siirruundcii  l>,v 
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towards  the  csBCum,  along  the  lower  border  of  the  terminal  part  of  the  ileum,  its  point 
will  generally  run  into  a  fossa  situated  in  the  angle  between  the  ileum  and  csecum  (Fig. 
768,  A),  which  is  known  as  the  ileo-caecal  fossa.  The  fold  which  bounds  the  fossa  in  front 
is  the  ileoKsaecal  fold  (the  "  bloodless  fold  of  Treves  ").  It  passes  from  the  ileiun  to  the 
front  of  the  meso-appendix,  which  latter  forms  the  posterior  wall  of  the  fossa. 

neo-colic  Fold  and  Fossa. — Similarly,  if  the  finger  be  run  out  along  the  upper  border 
of  the  ileum  towards  the  ceecum,  it  will  usually  lodge  in  a  smaller  fossa,  the  ileo-colic,  which 
is  bounded  in  front  by  a  small  peritoneal  process,  the  ileo-colic  fold  (Fig.  768,  A),  containing 
the  anterior  ceecal  artery. 

THE  COLON. 

Ascending  Colon  (colon  ascendens). — This  section  of  the  great  gut  begins 
about  the  level  of  the  intertubercular  plane,  opposite  the  ileo-caecal  orifice,  where 
it  is  continuous  with  the  caecum.  From  this  it  runs  upwards  and  somewhat  back- 
wards, with  a  slight  concavity  to  the  left,  until  it  reaches  the  under  surface  of  the 
liver,  where  it  bends  forwards  and  to  the  left,  and  passes  into  the  hepatic  flexare 
(Fig.  769).  In  its  course  it  lies  in  the  angle  between  the  quadratus  lumborum 
behind,  and  the  more  prominent  psoas  internally  (Fig.  742). 

It  is  situated  chiefly  in  the  right  lumbar  region,  but  it  extends  slightly  into 
the  hypochondrium  above ;  and,  although  it  usually  begins  about  the  level  of  the 
intertubercular  line,  still  with  a  low  position  of  the  caecum  it  will  extend  further 
down,  and  may  occupy  a  considerable  part  of  the  iliac  region. 

Its  length  is  about  8  inches  (20  cm.),  and  it  is  wider  and  more  prominent  than 
the  descending  colon.  It  generally  presents  several  minor  curves  or  flexures,  and 
it  often  has  the  appearance  of  being  pushed  into  a  space  which  is  too  short  to 
accommodate  it. 

Relations. — In  front,  it  is  usually  in  contact  with  the  abdominal  wall,  but  the 
small  intestine  frequently  intervenes,  particularly  above  (Fig.  739).  To  its  inner 
side  lie  the  coils  of  the  small  bowel  and  the  psoas ;  to  the  outer  side  is  the  lateral 
wall  of  the  abdomen.  Its  posterior  surface,  which  is  free  from  peritoneum  as  a 
rule  (Fig.  742),  is  connected  by  areolar  tissue  to  the  iliacus  muscle  as  far  up  as 
the  crest  of  the  ilium,  to  the  quadratus  lumborum  above  this,  and  finally  to  the 
lower  and  outer  part  of  the  right  kidney. 

In  the  great  majority  of  cases  only  the  two  sides  and  the  anterior  surface  are 
covered  by  peritoneum^  the  posterior  surface  being  destitute  of  a  serous  coat  (Fig. 
742).  In  a  small  proportion  of  bodies,  however,  the  ascending  colon  is  provid^ 
with  a  complete  peritoneal  coat  and  a  mesentery,  but  this  latter  is  so  short  that  it 
admits  of  but  a  slight  amount  of  movement  in  the  gut. 

Like  the  caecum,  the  ascending  colon  is  frequently  found  distended  with  gas  or  fseces  aft^r 
death,  hence  in  part  its  large  size  and  prominence  as  compared  with  the  descending  colony  which 
is  generally  empty. 

Hepatic  Flexure  (flexura  coli  dextra). — The  hepatic  flexure  is  the  bent  piece 
of  the  large  intestine  between  the  end  of  the  ascending  colon  and  the  beginning 
of  the  transverse  colon  (Figs.  758  and  769). 

When  the  ascending  colon,  lying  on  the  front  of  the  kidney,  reaches  the  under 
surface  of  the  liver,  it  bends — usually  acutely,  sometimes  obtusely — forwards  and 
to  the  left,  and  on  reaching  the  front  of  the  descending  duodenum,  passes  into  the 
transverse  colon. 

The  flexure  is  placed  between  the  descending  duodenum  internally  and  the 
lower  thin  margin  of  the  liver,  or  the  lateral  abdominal  wall,  externally ;  above,  it 
corresponds  to  the  colic  impression  on  the  liver,  and  behind  it  rests  on  the  kidney. 
Its  peritoneal  relations  are  similar  to  those  of  the  ascending  colon. 

Transverse  Colon  (colon  transversum). — This  is  the  long  and  arched  portion  of 
the  large  intestine  which  lies  between  the  hepatic  and  splenic  flexures.  It  begins 
where  the  colon  crosses  the  descending  duodenum  at  the  end  of  the  hepatic  flexure 
(Fig.  769).  From  this  it  runs  transversely  to  the  left,  and  for  the  first  few 
inches  is  comparatively  fixed,  being  united  to  the  front  of  the  descending  duo- 
denum and  the  head  of  the  pancreas  either  by  a  very  short  mesentery  or  by  areohir 
tissue.     Immediately  beyond  this  a  long  mesentery  is  developed,  which  allows  the 
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Its  length  is  usually  from  4  to  6  inches  (10  to  15  cm.),  and  its  width,  which  is 
less  than  that  of  the  ascending  colon,  about  IJ  inches  (3T  mm.). 

Relations, — The  descending  colon  first  lies  in  contact  with  the  outer  aspect  of 
the  left  kidney;  below  this  it  is  placed,  like  the  colon  of  the  opposite  aide,  in  the  aDgle 
between  the  psoas  and  quadratus  luml>onim  muscleB.  Behind,  it  rests  upon  the 
lower  part  of^  the  diaphragm  above,  and  on  the  quadratus  lumborum  below.  In 
front  (and  somewhat  to  the  outer  side  also,  except  when  the  bowel  is  distended) 
are  placed  numerous  coils  of  small  intestine,  which  hide  the  colon  completely  from 


Tnrliiiwil  pert 


I.  VlSCIRA  AFTRR  THR    RbUOVAI,  OF  TBI  JUUNUH   AND  IlHTH    (froiU    ■    phoU>|tni|ih 

of  tbe  Bams  body  aa  depickol  in  Pig.  739).  The  tnuiiverse  colon  ii  mach  inore  ngiilir  tliu  motl. 
Botb  tbe  liver  am)  cascuiu  exUnU  lower  down  Ihui  normal.  Tlie  subdiviiioiu  of  tbe  alxlomiiul  caillv 
are  iDilicnterl  by  dork  lines. 

view,  and  compress  it  i^ainst  the  posterior  abdominal  wall     To  its  inner  sidt  lien 
the  lower  part  of  the  kidney  above,  the  psoas  below. 

In  the  great  majority  of  bodies  only  the  front  and  sides  of  the  descending 
colon  are  covered  by  peritonenm  (Fig.  779);  the  posterior  surface,  being  destitntv 
of  a  serous  coat,  is  connected  to  the  pfcterior  wall  of  the  aMomen  by  aiv>>lar 
tissue.  In  a  small  proportion  of  eases,  on  the  other  hand,  the  serous  coat  is  com- 
plete, and  the  colon  is  furnished  with  a  short  mesentery. 

Up  to  the  foiirlli  or  fifth  iiioutli  of  fu!lal  life  the  (le«cendiiiK  colon  hu  a  coinplet«  invatiupnt 

• and  a  long  mesentery.     After  the  fifth  month  the  niesentory  sdheret  to,  and  i^-n 

'  ""  ■  '  '■  neiiiu  on  llie  poelerior  alxlotiiinal  wall,  and  is  completely  lost  as 
n  ■ll■1^.  I  lie  in-ir.ir.i<rii<j;  vi  biiifi  iDeeentctT,  )□  &  gTeatcr  or  lew  degree,  explains  the  oocsbioimI 
prenence  of  a  (leKcending  mesocolon  in  the  adult. 

Sigmoid  Fl^mre  and  Rectiim.^It  was  formerly  cuBlomary  to  divide  the  remaining  portixn 
of  the  large  intestine  into  sigmoid  .flexure  and  rectum.  The  former  was  nid  to  begin  at  the 
crest  of  tile  iliuni,  to  lie  in  tlie  iliac  fossa,  and  to  end  at  the  brim  of  the  pelvis.  Or,  in  Uter 
years,  the  "sigmoid  colon"  was  d(v<orilKd  us  "that  part  of  the  colon  which  is  attached  to  ihi- 
left  iliac  fiwsa,  from  the  iliac  cn'sl  to  the  brim  of  the  true  pelvis"  (Syniitigton).  It«  upper  \<a.r\ 
was  said  to  \»  covered  by  peritoneum  on  the  anterior  and  lateral  surfaces  only,  its  lower  part 
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to  form  a  la^  loop  with  a  complete  aeroua  coat  and  a  long  mesentery,  which  hung  down  into 
the  pelvic  cavity  when  the  bladder  and  rectum  were  empty,  and  pasacd  up  out  of  it  when 
these  were  distended. 

The  rectum  was  described  as  beginning  at  the  briiD  of  the  pelvis,  opposite  the  left  sacro-iliac 
joint,  and  as  ending  at  the  anna.  It  waa  divided  iuto  three  portions,  of  which  the  first  extended 
from  the  brim  of  the  pelvis  to  the  middle  of  the  third  piece  of  the  sacrum,  hod  a  complete 
covering  of  peritoneum,  and  waa  connected  to  the  pelvic  wall  by  a  mesentery — the  mesorectura. 
The  Second  and  third  parts  of  the  rectum  we  may  pass  over  for  the  present,  aa  they  agree  in 
general  with  the  description  of  the  rectum  given  below. 

Treves  in  188fi,  and  Jonneeco  in  1889,  directed  attention  to  the  fact  that  no  such  loop  as  the 
classical  sigmoid  flexure,  lying  in  the  iliac  ioma,  was  to  be  found  in  nature ;  and  also,  toat  tlte 
separation  of  the  firet  portion  of  the  rectum  from  the  sigmoid  flexure — so-called — was  both 
artificial  and  inaccurate.  They  pointed  out  that  the  "  first  part  of  the  rectum  "  really  belongs 
to  the  sigmoid  flexure,  with  which  it  has  everything  in  common,  and  that  on  no  grounilH  could 
it  be  properly  assigned  to  the  rectum. 

An  nnbiassed  study  of  the  parts  concerned,  particularly  in  bodies  the  viscera  of  which  have 
been  hardened  in  ntu,  will  leave  little  doubt  on  an  unprejudiced  mind  that  the  old  descriplione 
are  not  oalj  arii&cial  but  ertoneoua.  Consequently,  tne  admirable  account  of  this  part  of  the 
int«fltine,  mven  by  Jonnesco,  will  be  followed  in  ita  main  features  in  describing  the  divisions  of 
the  bowel  It eretefore  known  as  the  sigmoid  flexure  and  first  part  of  the  rectum. 

Jonnesco,  reco^ising  that  this  portion  of  the  intestine  lies  partly  in  the  iliac  fossa  and 
partly  in  the  pelvis,  very  appropriately  calls  the  former  the  iliac  colon  and  the  later  the  pelvic 
colon.  The  iliac  colon  includes  the  portion  of  the  "sigmoid  flexure"  which  extends  from  the 
crest  of  the  ilium  to  the  inner  side  of  the  psoas  muscle  (that  is  practically  the  brim  of  the 
pelvis),  aitd  is  usually  destitute  of  a  mesentery,  The  pelvic  colon  embraces  the  remainder  of  the 
"sigmoid  colon"  and  the  first  part  of  the  rectum,  both  of  which  are  attached  by  a  continuous 
mesentery,  and  form  one  lai^  loop  lying  in  the  pelvic  cavity,  and  ending  at  the  level  of  the 
third  sacral  vertebra  by  paesmg  into  the  rectum  proper. 

niac  Colon  (coIod  iliacum). — This  correBponds  to  the  portioa  of  the  "  sigmoid 
flexure"  which  lies  in  the  iliac  fossa,  and  it  has  no  mesentery.     It  is  the  direct 
coDtinuatioQ  of  the  descending  colon,  with  which  it  agrees  in  every  detail,  except 
as  regards  its  relations.     Beginning  at  the  crest  of  the  ilium,  it  passes  downwards 
and  somewhat  inwards,  lying  in  front  of  the  iliacns  muscle.     A  little  way  above 
Poupart's  Hgament  it 
turns    inwards   over 
the  psoas,  and  ends 
at  the  inner  border 
of    this    muscle    by 
dipping   into   the 
pelvis  and  becoming 
the  pelvic  colon  (Fig    ^ 
769).      It  usually 
measures  about  5  or 
6  inches  (12-5  to  15 
cm.)  in  length,  but  it 
varies  considerably  in 
this  respect. 

Belations.  —  Be- 
hind, it  lies  npon, 
and,  as  a  rule,  is  con- 
nected by  areolar 
tissue  to,  the  front  of 
the  ilio-psoae  muscle. 
In  front,  it  13  usually 
covered   by   coils  of 

small  intestine,  which     p,o.  77o._TnE  Iliac  amd  Pelvic  Colons,  from  h.  format  in -hnnlene.l  male 
hideit  fromview;  but  body,  sge.1  so. 

when  distended,  or  Tt*  pelvic  colon  wis  nnusunlly  long  ;  its  courHB  is  shown,  as  well  ns  that  of  the 
whnn     it.    (k^viniipB    .i  beginning   of  the   reclnm,  by  ilotleil  lines.     It  first  runs  scroNH  the  up|*r 

Wlien     It    occupies    a  ^^^^^^  ^^  ^,^^,j^^  ^^  ^^^  ^^^^  ^l^.^  ^^„^  j,^^^  „cro»«.8  the  p^h-U  in  s 

iOWer    position     than  Une  irosterior  to  ita  firat  croiuiing ;    finally  it  rcliinis  towenis  the  niiihlle 

usual,   it    comes   into  line,    ami  psuu  into  the  rectum.      As  u  mid,  after  crossing  to  the  right 

direct    contact     with  Jjde  of  »«  pelvis,  the  peMc  colon  tnrns  lackwarJs  and  i>.*ar,l«  to  read. 


the  anterior  abdom- 


Uie  uiidilie  line,  when)  it  ptam 


iiml  waU.  Asa  rule  (90  per  centof  bodies — JonneBco),it  is  covered  by  peritoneum  only 
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on  its  anterior  and  two  lateral  surfaces.    Occasionally  (10  per  cent  of  cases)  it  is  com- 
pletely covered,  has  a  short  mesentery  (1  inch,  2  to  3  cm.),  and  is  slightly  movable. 

In  its  couise  it  passes  down  oyer  the  iliac  fossa  near  its  middle,  generally  forming  a  curve 
with  its  concayitv  directed  inwards  and  upwards,  and  having  reached  a  point  1^  or  2  incbe^  (4 
to  5  cm.)  above  Poupart's  ligament,  it  turns  inwards  across  the  psoas  towards  the  pelvic  cavity. 
Occasionally  the  iliac  colon  occupies  a  lower  position  than  usual,  and  runs  along  the  deep  surface 
of  Poupart's  ligament,  immediately  behind  the  anterior  abdominal  wall 

Pelvic  Oolon  (colon  pelvinum).  —  This  corresponds  to  the  portion  of  the 
"  sigmoid  flexure  "  which  lies  in  the  pelvis,  together  with  the  so-called  "  first  part  nf 
the  rectum."  The  pelvic  colon  is  a  large  coil  of  intestine,  which  begins  at  the  inner 
border  of  the  left  psoas  muscle,  where  it  is  continuous  with  the  iliac  colon,  and 
ends  at  the  level  of  the  third  sacral  vertebra  by  passing  into  the  rectum  proi)er. 
Between  these  two  points  it  has  a  well-developed  mesentery,  and  forms  a  large  and 
variously-shaped  coil,  which  usually  lies  in  the  cavity  of  the  pelvis  (93  per  cent). 

Whilst  the  loop  of  the  pelvic  colon  is  very  irregular  in  form,  the  following  may 
be  given  as  perhaps  its  most  common  arrangement.  Beginning  at  the  inner  mar^'iu 
of  the  left  psoas,  it  first  plunges  over  the  brim  into  the  pelvis,  and  crosses  this 
cavity  from  left  to  right;  it  next  bends  backwards  and  then  returns  along  the 
posterior  wall  of  the  pelvis  towards  the  middle  line,  where  it  turns  down  and  j^asses 
into  the  rectum  (Figs.  769  and  770). 

Relations. — In  its  passage  into  the  pelvis  it  crosses  the  external  iliac  vessels; 
in  running  from  left  to  right  across  the  cavity,  it  rests  on  the  bladder  or  uttrus, 
according  to  the  sex ;  whilst  above  it  lie  the  coils  of  the  small  intestine. 

It  is  completely  covered  by  peritoneum,  and  is  furnished  with  an  extensive 
mesentery — the  pelvic  mesocolon — ^which  permits  of  considerable  movement. 

Sometimes,  when  longer  than  usual  (Fig.  770),  the  pelvic  colon,  in  returning  from  the  riplit 
side  of  the  pelvis,  crosses  the  middle  line,  going  even  as  far  as  the  left  wall,  and  then  tiini^ 
back  a  second  time  towards  the  middle  of  the  sacrum,  where  it  joins  the  rectum  at  the  umi^I 
level,  thus  making  an  S-shaped  curve  within  the  pelvis.  On  tlie  other  hand,  when  tli*- 
loop  is  short  (a  not  infrequent  occurrence),  all  its  curves  are  abridged,  and  it  fails  to  jvi^* 
over  to  the  right  side,  but  runs  more  or  less  directly  backwards  after  entering  the  pelvisw 

From  what  has  been  said  it  will  be  seen  that  the  loop  of  the  pelvic  colon  is  subjeri  to 
numerous  and  considerable  variations,  which  are  chiefly  dependent  upon  its  length  and  that  of 
its  mesentery,  and  also  upon  the  state  of  emptiness  or  distension  of  iteelf  and  of  the  other  iM^lvi<' 
viscera.  Wnen  the  intestine  is  long  the  loop  is  more  complex ;  when  short,  more  simple,  Wh»  n 
the  bladder  and  rectum  are  distenoed,  or  wnen  the  pelvic  colon  itself  is  much  distendetl,  it  is 
unable  to  find  accommodation  in  the  true  pelvis,  and  consequently  it  passes  up  into  ih« 
abdominal  cavity,  almost  any  part  of  the  lower  half  of  which  it  mav  occupy.  But,  as  alnvi-iy 
stated,  in  the  ^eat  majority  of  cases  (92  per  cent,  according  to  /onnesco)  it  is  found  alur 
death  lying  entirely  within  the  pelvic  cavity. 

In  length,  the  pelvic  colon  generally  measures  about  16  or  17  inches  (40  to 
42*5  cm.),  but  it  may  be  as  short  as  5  inches  (12  cm.),  or  as  long  as  35  inche? 
(84  cm.). 

The  pelvic  mesocolon,  which  corresponds  to  both  the  sigmoid  mesocolon  and  the  uny 
rectum,  is  a  fan-shaped  fold,  short  at  each  extremity,  and  long  in  its  middle  portion  (Fip^  '^*''' 
and  770).  Its  root  is  attached  along  an  inverted  V-shaped  line,  one  limb  of  which  runs  up  tl««* 
to  the  inner  border  of  the  left  psoas,  as  high  as  the  bifurcation  of  the  common  iliac  artery  •  r 
often  higher) ;  here  it  bends  at  an  acute  angle,  and  the  second  limb  descends  over  the  >a-  r\\ 
promontory  and  along  the  front  of  the  sacrum  to  the  middle  of  its  third  piece,  when?  th*- 
mesentery  ceases,  and  the  pelvic  colon  passes  into  the  rectum.  When  the  pelvic  colon  astv nl- 
into  the  abdominal  cavity  this  mesentery  is  doubled  up  on  itaelf,  the  side  which  was  naturally 
posterior  becoming  anterior. 

Intersigmoid  FoBSa  (recessus  interHigmoideus). — When  the  pelvic  colon  with  ita  mt.'^'nt*  ry 
is  raised  upwards,  a  small  orifice  will  usually  be  found  beneath  the  mesentery,  corrp»*i«'ii"i* 
ing  to  the  apex  of  the  V-shaped  attachment  of  its  root  to  the  posterior  alidominal  ▼»•!• 
This  orifice  leads  into  a  fossa  which  is  directed  upwards,  and  will  often  admit  the  Iw-i 
joint  of  the  little  finger.     It  is  known  as  the  tntersigmoid  fossa^  and  is  due  to  the  inii»erf' » t 


i»»tr.ii. 


blending  of  the  mesentery  of  the  descending  colon  of  the  foetus  with  tlie  parietal  |)eriton« 
In  the  foetus  this  mesentery  is  well  developed,  and  extends  from  the  region  of  the  vt-rt'-'r.*! 
column  out  towards  the  descending  colon.  After  a  time  it  begins  to  unite  with  the  noderl^nic 
parietal  peritoneum ;  but  in  the  region  of  the  interaigmoid  fossa  the  union  is  rarely  p*'rt<  ■* 
nence  the  presence  of  the  fossa. 

In  the  child  at  birth  only  the  terminal  part  of  the  pelvic  oolon  lies  in  the  p«'lvi5.  Tl.i;^ 
is  chiefljr  owinc  to  the  small  size  of  the  pelvic  cavity  in  the  infant*  Beginning  at  th<'  tt.i 
">{  the  iliac  colon,  the  pelvic  colon  generally  archee  upwards  and  to  the  right  acnx^*  t^i* 
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saccuIatiODa,  too,  which  are  bo  characteristic  of  tlie  large  intestine,  cannot  properly 
be  said  to  be  present. 

The  rectum  begini)  at  the  termination  of  the  pelvic  iQ<aBocalon,  namely,  about  iht^ 
level  of  the  third  sacral  vertebra,  and  ends,  where  the  bowel  pierces  the  pelvic  floor, 
opposite  the  lower  and  back  part  of  the  prostate  in  the  male,  or  at  a  point  U  inchi^s 
(3-7  cm.)  in  front  of,  but  at  a  lower  level  than,  the  tip  of  the  coccyx  in  both  seies. 
It  first  descends  along  the  front  of  the  sacrum  and  coccyx,  following  the  cun^e  of 
these  bones ;  beyond  the  coccyx,  it  rests,  for  about  IJ  inches  (3-7  cm.),  on  the  bank 
part  of  the  pelvic  floor,  here  formed  by  the  union  of  the  two  levaturea  ani;  and 
finally,  having  reached  the  lower  part  of  the  prostate,  it  bend^  rather  abruptly 


Kiu,  772.— DisTHHMD  Rectum  ik  situ. 
From  e.  formslip-bardene.l  niKle  bmly.  age  SO.  The  peritoneum  and  eitra- peritoneal  Iimub  hBTt  bern  ^;1l  ■■'■■■■ 
after  navring  the  pi^lvi.  along  a  plane  pussing  throiinh  the  upper  part  of  the  nymphjsia  put>is  in  ■  ■  ■ 
anil  the  lower  part  of  the  seiioml  »Benil  vertebra  iwhiud.  Th«  bladiler,  whioh  waa  enivty  au.l  louiri'  ■  ■■ 
liaa  ulao  beeu  removed,  but  its  fomi  is  showu  by  a  dotted  line.  The  rectum  was  very  niu.h  -h---'"  '  - 
and  alnioat  ooiHplelely  oeuupieii  the  parnrec:t»l  fosaa?, 

backwartls  and  downwards,  and,  piercing   the  pelvic  floor,  passes  into  the  ai^i. 
canal  (Fig.  774), 

Its  general  direction  is  downwards,  but  this  varies  at  its  two  extremities,  U'l"-' 
downwards  and  backwards  above,  downwards  and  strongly  forwards  l>elow. 

Curvaturea.— The  rectum  is  far  from  straight,  notwithstamluig  iW  iwme. 
which  describes  its  condition  fairly  accurately  in  most  animals,  but  not  in  niau.  m 
whom  it  is  curved  in  both  the  antero-posterior  and  the  transverse  pUni* 
Viewed  from  the  sidi:,  it  forms  a  gentle  curve,  with  the  convexity  lu.  - 
wards,  which  extends  from  the  beginning  of  the  rectum  to  the  back  of  i 
prostate,  and  fits  into  the  liollow  of  the  sacrum  and  coccyx.  At  the  liack  of  ' 
prostate  a  second  curve  is  formed  where  the  rectum  joins  the  anal  canal; 
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the  froQt  only ;  so  that  the  greater  part  of  the  rectum  lies  behind  or  beneath  ihe 
pelvic  peritoneum,  as  it  were,  and  is  capable  of  expanding  and  contracting  without 
being  iu  any  way  hampered  hy  its  partial  peritoneal  coat. 

From  the  front  of  the  rectum  the  peritoneum  is  carried  forwards  to  the  liose  "f 
the  bladder  in  the  male,  forming  the  floor  of  the  recto-Tosical  or  racto-femitd  ponch 
(excaratio  recto- vcsicalis,  Fig.  S23).  In  the  female  it  pasBea  to  the  upper  \itiTl 
of  the  posterior  wall  of  the  vagina,  forming  the  Hoor  of  the  ponch  of  DodxUi 
(excavatio  recto-uterina  Douglasi,  Fig.  818),  Whilst  at  each  side,  in  both  sexea, 
it  passes  from  the  front  of  the  rectum  on  to  the  posterior  wall  of  the  pelvis,  forming 
the  bottom  of  a  large  fossa,  seen  at  the  sides  of  the  rectum  when  that  Iwnel 
is  empty,  and  known  as  the  pararectal  fossa.  With  distension  this  Foesa  is 
encroached  upon  by  the  enlarging  bowel,  and  soon  is  obliterated. 

The  level  at  which  the  retlectioQ  of  the  peritoneum  takes  place  from  the  front  of 
the  rectum  is  of  considerable  practical  importance  in  connexion  with  operationx  in 
this  region.    As  a  general  rule  this  reflection,  that  is,  the  bottom  of  the  recto-vesicil 


Kic.  773.— Thk  Hbrttoneuh  oi-  ihb  Phlvic  Cavitt. 

The  prlvU  WM  Mva  acrott  obliquely  in  a  thin  male  subject  Aged  (0.  Owing  to  tha  KbNDOC  of  bt  the  >»n"' 
|t1viu  orgftiii  ara  visible  thronf{h  the  ptritoncum,  thongh  not  quite  so  distiDCtl;  u  repiwmilol  ""-- 
TliB  WsiLler  aad  rettiiiii  »re  Uth  eiiii,ty  and  contmcted  ;  the  p«nnreiii™l  uiit  pwwntil  fn-a".  •■  • 
reaiilt,  are  very  well  marked. 

pouch,  is  placed  at  a  distance  of  1  inch  (25  cm.)  al)Ove  the  base  of  the  prostate, -i 
about  3  inches  above  the  anus,  but  the  level  is  subject  to  conaiderable  varialimi. 
tjeing  as  a  rule  relatively  much  higher  in  well-developed  muscular  or  fatty  sul'jft'i-. 
whilst  it  is  usually  lower  iu  emaciated  bodies,  owing  to  the  thinness  of  the  struciuiw 
forming  the  pelvic  floor. 

The  Iwttom  of  tlie  recto-vetii«iI  fiwan  :iiav  n-acli  ilown  in  an  extreiue  caw  to  within  an  "'• '' 
(2-5  cm.)  of  the  auiw,  whilst  it  ia  not  at  all  rare  to  find  it  within  i  inchiw  (.^O  cm.)  of  llial  "rili'  '■ : 
on  the  other  liand,  it  may  lie  con»idera1ily  higher  than  normal,  aometinieH  Wing  platvd  at  a  di- 
tance  of  4  or  4^  inchcH  (lOfl  to  112  cm.)  from  the  anus.     It  nhouid  aim  be  adderflliat  the  In.  i  i' 

Eenerally  U-lievc<l  to  \v  wiiifewhat  raiswl  by  di-lension  of  the  wcluni  and  l.la.idtr,  and  l-v^'<'i 
y  einptyinp  thi-w;  viscera,  althmigh  Ihi!'  in  denied  by  Jonni">co. 

In  the  child  at  birth,  the  pt'dtoneuni  ext^niln  down  to  the  ha»e  of  the  jitoslati'  :SviuLii>.t 

and  is  tliiiH  lower  in  relation  to  the  bladder ;  hut  Ihia  niav  lie  partiv  aocountoi  for  in-  tin-  iiii.'' 
■>osit:on  of  thin  organ  in  the  child. 
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bowel  to  pierce  the  floor  of  the  pelvis.  This  it  does  by  passing  through  the  narrow 
interval  left  between  the  mesial  borders  of  the  levatores  ani  muscles  (Fig.  771). 
As  it  passes  between  them,  the  two  muscles  pinch  in  the  tube,  and  by  the  apposi- 
tion of  its  lateral  walls  obliterate  its  cavity,  reducing  it  to  a  mere  slit-like  passage. 
This  passage,  through  which  the  rectum  communicates  with  the  exterior,  is  the 
"  anal  canal "  (Symington). 

Formerly  this  terminal  portion  of  the  tube  was  described  as  the  "  third  part  of  the  rectum/' 
and,  like  the  rest  of  that  iowel,  it  was  supposed  to  form  a  reservoir  for  the  retention  of  the 
faeces.  Symington  pointed  out  that  this  was  not  the  case.  He  showed  that  the  canal  was  not 
of  the  same  nature  as  the  rest  of  the  rectum,  but  that  it  was  a  mere  passage  through  which  ilie 
bowel  discharged  its  contents,  the  relation  between  the  two  being  practically  the  same  as  that 
between  the  urethra  and  the  bladder  in  the  female.  It  is  probable,  however,  that,  when  the 
rectum  is  distended,  the  upper  part  of  the  anal  canal  is  often,  if  not  usually,  occupied  by  the 
wedge-shaped  lower  end  of  the  contained  faecal  mass,  whilst  the  chief  bulk  of  the  contents  is 
supported  by  the  rectal  valves  and  the  levatores  ani. 

The  anal  canal  begins  where  the  rectum  proper  terminates,  namely,  at  the 
level  of  the  levatores  ani  muscles,  opposite  the  lower  part  of  the  prostata. 
When  the  distended  rectum  is  cut  across  near  its  lower  end,  in  a  hardened  body, 
and  the  cavity  examined  from  the  interior,  a  distinct  projection,  formed  by  the 
inner  border  of  the  levator  ani  (pubo-rectalis,  or  sphincter  recti  portion),  is  seen  on 
each  side,  indicating  the  upper  limit  of  the  canal.  It  is  said  that  these  ridges  can 
also  be  felt  during  life  by  the  finger  introduced  into  the  rectum  (Cripps).  Below, 
the  anal  canal  ends  at  the  anus,  or  anal  orifice,  by  opening  on  the  exterior. 

Its  length  is  usually  from  1  to  li  inches  (2*5  to  3'7  cm.),  being  greater  when 
the  bowel  is  empty,  and  less  when  it  is  distended.  Its  antero-posterior  diameter 
when  closed  varies  between  \  and  J  inch  (12  to  19  mm.). 

The  direction  of  the  anal  canal,  as  already  pointed  out,  is  downwards  and  back- 
wards, often  forming  an  angle  of  nearly  45°  with  the  horizontal,  although  it  is 
usually  somewhat  nearer  to  the  vertical. 

Relations. — It  is  surrounded  by  both  the  external  and  internal  sphincters, 
and  above  also  by  the  borders  of  the  levatores  ani,  these  muscles  forming  a 
muscular  cylinder  around  it  (Fig.  771).  On  each  side  is  situated  the  ischio- 
rectal fossa  with  its  contained  fat,  which  allows  of  the  distension  of  the  canal 
during  the  passage  of  fseces.  Behind  is  placed  a  mass  of  mixed  connective  and 
muscular  tissue,  known  as  the  ano-coccygeal  body  (Symington),  which  intervenes 
between  it  and  the  coccyx.  Finally,  in  front,  it  lies  close  behind  the  bulb  of  the 
urethra  and  the  base  of  the  triangular  ligament  in  the  male,  and  a  sound  in  the 
urethra  can  be  easily  felt  by  the  finger  introduced  into  the  anal  canal,  particularly 
in  thin  bodies.  In  the  female  it  is  separated  from  the  vagina  by  the  wedge-shajfetl 
mass  of  fatty  and  muscular  tissue  known  as  the  "  perineal  body." 

Structure  of  the  Rectum  and  Anal  Canal. — The  wall  of  the  rectum  is  made  up 

of  four  coats,  viz. : — 1.  The  outer  coat,  formed  in  part  of  peritoneum  (already  described^ 
and,  where  the  peritoneum  is  absent,  of  connective  tissue  which  can  be  dissected  off  lo 
several  layers.  In  this  connective  tissue  the  hsemorrhoidal  vessels  run  until  they  pierce 
the  wall  of  the  tube.  lu  it  also,  at  the  back  and  sides  of  the  rectum,  are  found  embcddoil 
a  number  of  rectal  lymphatic  glands. 

2.  The  muscular  coat,  which  is  much  thicker  than  in  any  other  portion  of  the  int4^:<- 
tiue,  is  composed  of  two  stout  layers  of  unstriped  muscle — an  outer  longitudinal  aud  an 
inner  circular — like  that  of  the  intestine  generally.  The  longitudincU  fibrt^  althouiih 
present  all  round,  are  chiefly  accumulated  on  the  front  and  back  of  the  tube  (see  p  10>1*)* 
where  they  form  two  broad  bands ;  at  the  sides  they  are  reduced  to  a  thin  layer,  I  lie 
deepest  fibres  of  which  are  folded  in  and  take  part  in  the  formation  of  the  rectal  valves. 

Where  the  rectum  pierces  the  floor  of  the  pelvis,  the  outer  layer  of  longitudinal  fibres  is  unit.  \ 
to  the  deeper  ]x>rtion  of  the  levator  ani,  partly  by  tendinous  fibres  and  partly  by  an  intt^r- 
change  of  muscular  fibres,  between  the  levatores  and  the  muscular  coat  oi  the  rectum.  Th:<» 
interchange  of  tibrea,  however,  is  denied  by  Peter  Thompson  and  Browning.  Below,  tlie  lonin- 
tudinal  fibres  pass  between  the  external  and  internal  sphincter  muscles,  or  through  the  latt»r 
to  join  the  skin  around  the  anu&  The  folding  of  the  rectum  from  side  to  side^  described  aUi^**, 
is  brought  about  and  maintained  by  the  shortness  of  the  fibres  of  this  coat  on  the  front  and  Imck 
of  the  bowel. 

In  Stiggital  sections  of  the  pelvis  near  the  mesial  plane  there  can  generaUy  bo  seen  a  dirtin-  r 
band  of  red,  longitudinally-arranged,  muscular  fibres,  which  descends  on  each  side  from  the  fn'nt 


examined,  the  valves  are  not  easily  seen,  as  they  then  project  but  Blightly, 
and  are  almost  completely  hidden  amongst  the  numerous  rugae  of  the  mucous 
coat.  They  are  most  evident  in  a  distended  rectum  which  has  been  hardened 
in  situ ;  they  can  also  be  seen  during  life,  per  anum,  with  the  aid  of  a  rectal 
speculum. 

As  a  rule  two  valves  are  found  on  the  left  and  one  on  the  right  side ;  this  Utter  is 
generally  the  largest,  and  is  situated  a  little  above  the  level  of  the  peritoneal  reflection, 
viz.  3  or  3^  inches  (7'5  to  8'7  um.)  above  the  anus;  the  other  two  valves  are  fouud  ubotit 

I  to  IJ  inches  (2'5  W  3' 
cm.)  higher  up  and  1a«cr 
down  respectively.  Tbevalvea 
are  distinctly  marked  in  (he 
fa)tus(sce  Fig.  775),8iid  seem 
to  constitute  an  essential  part 
°*  of  the  human  rectum,  tlieir 

.    use    being    to    support   the 

coutciits  of  the  rectiuu,  which 

j^  they  break  up  into  Beginetils, 

each  supported   by  a  v»lve 
»i  (see  p.  1089).    They  are  said 

to  interfere  sometimes  with 
Ai  *    the  introduction  of  an  eucoia 

tube. 

The    rectum    in    auinult 
generally    is     free    from    tbt 
lateral     iuflectiouB    deecriUH 
above,  and  tLe  condition  liMjcd 
is  evidently  an  adapts- 


Fio.  775.— The  Intbkiob  o 


i  the 


Showing  the  columna  of  Morg4giii  and  Uie  uul  valves   batWEBii  their    ,--    — - 

lovrer  eud«-      The  columns  were  more  numerona   in    this  specimen    quadrupeds  tlie  contents  of  (ht 
thsu  usual.  rectum  do  not  prfsa  ondnlv  i« 

the    sphincter,   owing   Ui  die 

horizontal  position  of  the  body.    With  the  assumption  of  the  erect  attitude,  on  the  other  hW. 

the  whole  weight  of  the  contents  would  be  thrown  on  the  sphmcters,  were  it  not  for  tlie  Ifttcnl 

foldings  and  the  resulting  shelves. 

Columns  of  Uorgagni  (columns  recti  Morg^ni). — The  mucous  membrane  "f 
the  anal  canal  presents,  in  its  upper,  and  part  of  its  middle  thirds,  a  number  (S  lo 
10)  ot permanent  \ertical  folds,  separated  by  grooves,  and  known  as  the  columns "f 
Morgagui  (Fig.  775).     They  ai-e  usually  J  to  i  inch  (8  to  12  mm.)  in  length,  J  w 
J  inch  (3  to  6  mm.)  In  width,  and  they  extend  down  to  within  J  or  3  inch  (12  to 
7  mm.)  of  the  anal  aperture.     They  are  formed  by  infoldiogs  of  the   mucous 
memhruue,  containing  in 
their   interior   some  un- 
striped    muscle    derived 
from   the   muscularis 
mucosse,  and   also,  as  a 
rule,  an  artery  and  a  vein. 

Very  often  thecoutaiued 
vein  jiresents  an  enlarge- 
ment, or  a  knob-like  tor- 
tuous pleius  in  the  lower 
part  of  the  column  ;  below 
this  the  plexus  is  conthiued 
down  beneath  the  mucous 
membrane  of  the  lower  zone 
of  the  anal  canal  int«  the 
anal  veins  (see  p.  1093).  Thii 
rhoidal  7.onc  of  tlio  anal  canal. 
occa.>ii Dually  no  trace  of  them  c 
usually  well  marked. 


Flu.  778.— Thb  a 

aged  4  to  G  months  ;  B,  6  monthi! ;  and  C.  9  nioutlis.  Id  etch  lk«  •^ti 
canal  is  distinctly  nisrkeil  off  from  the  Toctnin  propw  ;  the  lolaniiu  ''' 
Morgagni  and  th«  rectal  tkItcs  ara  dittiacL     R-V,  Rectal  nlnat 

.  portion  bos  accordingly  been  described  as  the  lm'n"'^ 
Sometimes  the  colnmns  of  Morgagni  are  very  indisiiurt , 
an  be  found,  although  in  the  fcetus  (f"ig.  776)  thi_v  are 
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anastomosing  with  one  another,  and  also  with  branches  of  the  middle,  and,  in  the  lower  part  of 
the  bowel,  oi  the  inferior  haemorrhoidal  artery. 

2.  The  middle  hamorrhoidal  arteries,  two  in  number — one  on  each  side  —  are  usually 
branches  of  the  anterior  division  of  the  internal  iliacs;  they  run  down  on  the  side  wsQl  of 
the  lower  part  of  the  rectum,  and  after  giving  off  branches  to  the  bladder,  seminal  vesiclei?, 
prostate  (or  vagina,  according  to  the  sex),  each  breaks  up  into  four  or  five  small  brandies,  some 
of  which  supply  the  muscular  wall  of  the  lower  part  of  the  rectum,  whilst  the  others  pierce  the 
muscular  coat  near  the  upper  end  of  the  anal  canal,  and  join  in  the  submuooea  with  tne  plexus 
formed  by  the  superior  haemorrhoidal  artery  already  described. 

3.  The  inferior  hsBmorrhoidal  ariieries,  generally  two  or  three  in  number  on  each  side,  aru>o 
at  variable  levels  from  the  internal  pudic  arteries,  whilst  these  latter  are  situated  on  the  outtr 
side  of  the  ischio-rectal  fossae.  They  pass  inwards  and  downwards  through  the  fat  in  the 
fossse,  and,  near  the  wall  of  the  anal  canal,  break  up  into  branches,  some  of  which  are  distri- 
buted to  the  levatores  ani  and  the  sphinctera,  whilst  others  pierce  the  sphincters  and  break  up  in 
the  submucosa  into  a  close  network  which  supplies  the  lower  part  of  the  anal  canal,  and  com- 
municates above  with  the  plexus  formed  by  the  superior  and  middle  heemorrhoidal  arterii-^. 
The  inferior  haemorrhoidal  artery  is  distributed  chiefly  on  the  back,  and  the  middle  haemorrhoidal 
chiefly  on  the  front  of  the  lower  part  of  the  boweL 

4  One  or  more  small  branches  of  the  middle  sacral  artery  reach  the  back  of  the  rectum, 
where  they  are  distributed  chiefly,  if  not  solely,  to  the  muscular  coat 

Anastomosis  of  the  HsBmorrhoidal  Arteriea — The  superior  and  middle  haemorrhoidal  arterit^ 
anastomose  freely,  not  only  in  the  haemorrhoidal  plexus  of  the  submucoea,  but  also,  as  a  rule,  by 
a  few  large  branches  on  the  exterior  of  the  bowel :  some  perforating  branches  of  the  middle 
sacral  also  join  the  plexus  in  the  submucous  laver  at  the  lower  part  of  the  rectum,  as  do  numen^iu) 
sm£JI  branches  from  the  inferior  haemorrhoidal  arteries  which  pierce  the  sphinctersw  In  addition, 
small  branches  of  these  several  arteries  unite  with  one  another  in  the  muscular  coat  It  should 
be  remarked  that  the  superior  haemorrhoidal  artery  supplies  both  the  muscular  and  mucous 
coats  above,  whilst  it  is  confined  to  the  latter  in  the  lower  few  inches  of  the  gut,  the  muscular 
coats  here  being  supplied  by  the  middle  and  inferior  haemorrhoidal  vessels. 

Veins  of  the  Bectum  and  Anns. — These  form  two  chief  plexuses  of  large  vessels  devoid  of 
valves,  namely,  the  internal  haemorrhoidal  plexus  situated  in  the  submucous  coat,  and  ihe 
external  haemorrhoidal  plexus  in  the  outer  coat  The  internal  hsamorrhoidal  plexua  takes  origin 
near  the  margin  of  the  anus  in  a  number  of  small  (anal)  veins,  which  are  radially  disi)i»<''i 
beneath  the  skin  of  the  anus,  and  communicate  below  with  the  rootlets  of  the  inferior  hnuiior- 
rhoidal  vein  over  the  extemad  sphincter.  These  anal  veins,  traced  upwards,  join  together,  and 
are  joined  bv  others  from  the  surrounding  parts  to  form  larger  and  often  tortuous  vessels,  which 
ascend  in  the  columns  of  Morgacni,  where  they  frequently  present  ampuUary  enlargement^ 
varying  in  size  up  to  that  of  a  small  pea,  which  are  said  to  be  the  starting-points  of  haemorrhoidx 
Passing  upwards,  the  veins  are  known  as  the  "  terminal  veins " ;  they  communicate  freely  with 
one  another,  forming  the  plexus,  and  unite  into  still  larger  vessels,  which  pierce  the  mui^uUr 
coat  about  the  middle  of  the  rectum,  and  join  the  two  branches  of  the  superior  haemorrhoidal  veui. 

From  the  lower  part  of  the  internal  haemorrhoidal  plexus  numerous  vessels  pass  thivu^li 
the  external  sphincter  to  join  a  venous  network  on  the  outer  surface  of  that  muscle,  fnau 
which  the  inferior  hflemorrhoidal  veins  arise.  This  network,  as  pointed  out  above,  also  c^nu- 
municates  with  the  internal  haemorrhoidal  plexus,  through  the  anal  veins  which  descend  frmi 
the  latter  beneath  the  skin  of  the  anal  canal,  to  the  exterior  of  the  sphincter. 

The  various  veins  which  pass  out  through  the  walls  of  the  rectum  unite  freely  on  it> 
exterior  to  form  a  rich  venous  plexus  (external  hemorrhoidal  plexus),  through  which  the  tlmt- 
haemorrhoidal  ve&^ls  are  brouglit  into  free  communication  with  one  another.  Passing  off  fix>»> 
this  plexus,  the  superior  hemorrhoidal  vein  joins  the  inferior  mesenteric,  which  opens  into  tbv 
portal  vein ;  the  middle  haemorrhoidal  joins  the  internal  iliac,  a  tributary  of  the  vena  (a\M : 
and  the  inferior  haemorrhoidal  joins  the  internal  pudic,  a  tributary  of  the  internal  ib'it 
Thus,  on  the  rectum,  a  free  anastomosis  is  established  between  the  veins  of  the  portal  au^i 
systemic  circulationa 

Lymphatics. — Most  of  the  lymphatics  of  the  rectum  join  a  number  (four  or  five)  uf  mtai 
glands  found  in  the  connective  tissue  coat  of  the  bowel  along  the  superior  haemorrhuuiA 
vein  and  its  two  branches,  whence  they  pass  to  the  sacral  glands  on  the  front  of  the  sacruiu. 
Some  of  those  from  the  flower  part  of  the  anal  canal  join  the  cutaneous  lymphatics  round  tin- 
anus,  and  pass  with  them  to  the  oblique  set  of  superficial  inguinal  glands.  A  few  of  tL>' 
lymphatics  from  the  lower  portion  of  the  rectum  are  said  (by  Quenu)  to  join  the  internal  il-^^ 
glands,  but  these  are  inconstant  according  to  Qerota. 

Nerves. — The  nerves  of  the  rectum  come  partly  from  the  sympathetic  and  partly  from  tht 
cerebro-Bpinal  system.  The  sympathetic  fibres  are  derived  on  the  one  hand  from  the  inftn^'r 
mesenteric  plexus,  and  on  the  other  from  the  right  and  left  divisions  of  the  hypogai»tric  ple\ii* 
(i.e.  the  pelvic  plexiu^es),  the  former  accompanying  the  superior  haemorrhoidal,  the  latt4fr  ii^<' 
middle  haemorrhoidal  vessels,  to  the  rectum.  The  cerebro-spinal  fibres  arise  from  the  !»H.vit«i. 
third,  and  fourth  sacral  nerves  soon  after  these  leave  the  sacral  foramina  (and  constitute  tbt 
"{Kilvic  splanchnics"  of  Qaskell).  They  run  forward  in  the  pelvic  connective  titfue,  ai^- 
ioining  the  pelvic  plexuses,  reach  the  side  of  the  rectumu  Fibres  of  the  inferior  haemorrhoKiAi 
branch  of  the  internal  pudic  nerve  (third  and  fourth  sacral)  are  also  distributed  to  the  luwvr  j«»ft 
of  the  anal  c^nal  as  well  as  to  the  external  sphincter. 

It  has  been  shown  by  experiments  on  animals,  that  the  cerebro-spinal  nerves  (fivuj  il:* 
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diateQBion  of  the  bladder.  As  the  bladder  enlarges  it  passes  up  along  the  anterior 
abdominal  wall,  off  which  ib  strips  the  peritoneum,  so  tliat,  iu  the  fully  diaCeDded 
condition,  it  may  be  in  contact  with  this  wall,  without  the  interpoeilion  of  |>eri- 
toneum,'  for  a  distance  of  two  inches  (5'0  cm.,  or  occaaionally  more)  above  the  pulses 
(Fig.  810). 

Running  up  in  this  fatty  tissue  are  found  five  cord-lihe  structures,  one  placed 
in  the  middle  hne,  and  two  at  each  side.  These  are  (a)  the  oiachos — the  remains  of 
the  allaatoia  of  the  fcetus— which  in  the  adult  is  a  'slender  fibrous  band  connected 
to  the  umbilicus  above,  and  to  the  apex  of  the  bladder  below,  where  it  ububIIt 
becomes  much  stouter.  External  to  the  urachus,  and  some  distance  from  it  {Fig. 
773),  will  be  found,  in  the  Bame  fatty  tissue,  (6)  two  stouter  fibroua  cords,  the 
obliterated  ]iypogastric  arteries  (arterise  umbiUcales).  Traced  upwards,  these  also 
become  more  slender,  and  approach  the  urachus,  along  with  which  they  are  cau- 
nected  to  the  umbilicus.  Below,  they  grow  thicker,  and  can  be  followed  backwanls 
along  the  side  wall  of  the  pelvis  to  the  internal  iliac  arteries,  which  they  join. 
(c)  Further  out  still,  the  deep  epigastric  arteries  are  seen  running  upwards  aud 
inwards  from  the  external  iliac  trunk  on  each  side. 

"When  the  anterior  abdominal  wall  is  examined  from  behind,  it  will  be  seen 
that  these  five  structures  wliich  lie  on  the  front  of  the  peritoneum  cany  tlint 
membrane  inwards  towards  the  abdominal  cavity  in  the  form  of  five  more  or  Kss 

distinct  ridges,  iu  relation  to 
which  are  found  on  each  side 
three  peritonal  fossa;,  known  ax 
the  ^giiiiia)  pouches  or  fosu  ( fovt^ 
ingui  Dales). 

,  "  The  •xtemitl  inguuiil  font  {S'-\-'i 

'  „,t|,  inguinalis  lateralis)  lies  outsida  lli^' 
jiB«l  deep  epigastric  artj^ry,  and  comTivijil- 
''  totuepositionoftlLciiittmalabJiiiiiiij.d 
,  ring.     At  its  bottom  is  often  fuiiii'l  J 

dimple-like  dcprcs>>ion  of  the  pri 
,11  ^°'     toueuiu,    iudicating    tlie    point  Jnin 

which  the  procewsuB  vaginalis  ]ax-i 
'  ™         downi,  in  conneiiun  with  llie  di-^^.-iii  i.l 

the  testicle.    The  middle  imraiml  tun 
(fovea  inguinaliB  nifsialiB)  in  <iitLH'"l 
tntcry   between   the  deep   ppigaslric  and  ni.- 
obliterated  hypogabtnu  arteriM ;  vLiUi 
tlie  internal  in^iin&l  foua  (fox  a  iii 
Kuinnlis  interna,  fovea   Bupravi-.-i.il^ 
lies  to  the  inner  side  of  the  oblileral<-i 
hypogaBlrio   arterj-,  namely,  bri«iiu 
it  externally  and  the  iiraclius  int'T- 
nally.     Seeing    that    the  oMiieroi"i 
hypogastric  artery,  in  passing  up»arl-. 
croBsea  Hasselbacb's  triangle,  aivi'lui^ 
it  into  an  outer  and  an  inner  )>arl.  ii 
follows  that  the  middle  in^iiinal  f"-:a 
corresponds  to  the  outer  division  i-i  ih- 
triangle,  and    the  inuer  fiKsa  U-  di- 
still another  fossa  of  the  periloni  i;rti 
Fio.  777.-DU0HAB1IATIC  Mssiii.  BiciiOK  OP  Femau.  Body,   }"  ^^  ^  this  region,  just  iWnealh  li« 
to  hbo*  tbB  Deritoneum  on  vertical  twciug.     The  grtat  »c   'nnpr  J*"  ol  Ponpart  s  llganll■nt,c■lr^  ■ 
of  the    peritoneum    in    black  and   is  represented  *»  being    fponding  to  the  Jwwitton  of  the  feui.iral 
mnth  larger  thau  In  nature  ;  tlie  email  mo  U  very  darkly   "I  crniaJ  nng,  and  Musequently  tno" n 
shaded;   tlie  peritoneum  id  lection  ii  sliown  as  >  white   as  the  femoral  or  croral  l<MW    fi'i-' 
line :  and  a  vrliite  arrow  is  passed  through  the  foramen  of   femoralis).     It  may  be  added  that  IL. 
Wiunlow  from  the  great,  into  the  small  sac.  vaa  deferens  crwsiieg  the  oilier  }>arl  ■■! 

this  latter  fussa,  and  the  obliliTJl'-l 
hypt^astric  artery  iU  inner  part  The  significance  of  thoee  foeste  is  referred  to  in  cvnn<'ii'>i' 
with  the  applied  anatomy  of  Uie  inguinal  and  femoral  regiona 

Near  the  middle  hne,  above  the  umbilicus,  the  peritoneum  is  carried  back  from 
the  anterior  abdouunal  wall  and  diaphragm  to  the  parietal  surface  of  the  liver  iu 
the  form  of  a  cresentic  fold,  the  &Icifoiin  ligament  of  the  liver  (ligamentum  faki- 


Pelvic  Peritonentn. — The  detailed  arrangemeut  of  the  peritoDeum  iu  the  pelvic 
cavity  is  somewhat  complicated,  and  is  fully  described  iu  connexion  with  the 

several  pelvic  organs.     A  general  account  will  suHice  here. 

Having  passed  over  the  briui  all  round,  it  enters  the  pelvis,  and  coveia  its 
walla  aa  low  as  the  pelvic  floor,  across  which  it  passes  to  the  various  organs. 
Behind,  it  invests  completely,  and  forms  a  mesentery  (pelvic  mesocolon)  for,  the 
pelvic  colon,  aa  far  down  as  the  third  sacral  vertebra.  Here  the  colon  joins  the 
rectum  proper,  and  the  complete  investment  of  the  bowel  ceases. 

As  the  end  of  the  pelvic  colon  is  approached  the  two  layers  of  its  mesocolon 
become  shorter,  and  when  the  rectum  is  reached,  they  separate,  leaving  its  posterior 
surface  uncovered,  whilst  the  bowel  is  clothed  in  front  and  at  the  aides.  Lower 
down,  the  membrane  leaves  the  aides,  and  finally,  at  a  point  which  is  usually  alxml 
3  inches  (75  cm.,  see  p.  1089)  above  tiie  anus,  it  leaves  the  front  of  the  bowel, 
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Fio.  1/8. — Thb  Pbbhobecii  of  the  Pelvic  Cavitt. 
Tlie  pelvis  wa»  Hawn  arrau  obliquely  (as  in  Pig.  772)  in  a  thin  niale  Bobject  aged  60.     0«iiig  to  tbe  mb»-ii  t 
of  fat  tlie  various  pelvic  or|{H»s  ore  visilile  tlirongli  the  pcritDneuni,  tJiongh  not  quite  so  (lisliiici:>  >• 
represented  here.     The  bliuldcr  anil  rectum  were  both  empty  ui<l  contrBCttil :  the  jarrnvMic*!  iind  i«ri. 
rectal  (aisx.  u  a  result,  are  very  well  marked. 

and  in  the  male  is  carried  on  to  the  back  part  of  the  bladder  (here  covered  by  tlu' 
seminal  vesicles  and  vasa  deferentia),  forming  the  floor  of  tlie  iscto-Tesical  poncb 
(exeavatio  recto-vesicalis,  recto-genital  pouch)  found  between  these  or^^DS.  It 
then  covers  the  upper  surface  of  the  Madder,  and  paysinjj  off  from  its  side*  to  the 
walls  of  tlie  pelvis,  constitutes  the  so-called  false  ligaments  of  that  organ.  From  the 
apex  of  the  bladder  it  is  carriiAti  on  to  the  anterior  alidominal  wall  by  the  urachiii^. 
thus  forming  the  snperior  or  antsrior  fUse  ligament  of  the  bladder  ({ilica  pul-<i- 
veaioalis). 

In  thefcmule  (Fig.  777),  the  peritoneum,  on  leaving  the  rectum,  paaaes  to  tin* 
posterior  wall  of  the  vagina,  the  up^ier  portion  of  which  it  covera  From  ihia  it  is 
continued  up  over  the  posterior  surface  and  fundus  of  the  uterus,  and  down  <>n 
its  anterior  surface  aa  far  as  the  junction  of  the  cervix  and  Ixxly  (Fig.  853).  Htrt- 
it  piisses  from  the  utertia  to  the  bladder,  which  it  partly  covers,  as  in  the  ui&lc.  and 
is  then  carried  on  to  the  anterior  abdominal  wall,  lietween  the  rectum  bt-hiDd. 
and  the  uterus  and  vagina  in  front,  is  situated  the  pooch  of  Donglu  (vscavulio 
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wall,  it  meets  the  colon — ascendlDg  on  the  right  side,  descending  on  the  left — over 
which  it  is  carried,  in  each  case  covering  the  bowel  in  front  and  at  the  sides  only, 
and  leaving  the  posterior  surface  bare,  as  a  rule.  Sometimes,  however,  the  covering 
is  complete,  and  a  short  mesentery  is  formed.  It  is  next  continued  inwards  over 
the  psoas  muscles,  the  ureters,  and  the  great  vessels,  on  the  front  of  which  it  meets 
the  superior  mesenteric  artery  and  vein  running  downwards  to  the  intestines. 
From  both  sides  it  passes  forwards  on  these  vessels,  forming  the  right  and  left 
layers  of  the  mesentery;  and  finally,  having  reached  the  intestine,  it  clothes  it 
completely,  and  the  two  portions  become  continuous  on  the  bowel. 

A  transverse  tracing  at  a  higher  level  would  include  the  small  sac ;  it  will, 
therefore,  be  well  to  study  this  portion  of  the  peritoneum  before  describing  such  a 
tracing. 

Small  Sac  of  the  Peritoneum  (bursa  omentalis). — This,  as  already  pointed 
out,  is  a  diverticulum  of  the  great  sac  which  lies  behind  the  stomach  and  adjacent 
organs,  and  which  communicates  with  the  great  sac  by  a  constricted  passage,  the 
foramen  of  Wiuslow.  If  the  great  sac  be  compared,  as  already  suggested,  to  a  bag, 
the  anterior  layer  of  which  clothes  the  anterior  and  lateral  walls  of  the  abdomen, 
and  the  posterior  layer  the  viscera  lying  on  the  posterior  wall,  the  small  sac  would 
correspond  to  a  pocket  lying  behind  the  upper  part  of  the  great  sac,  and  openin^^ 
into  its  cavity  by  a  narrow  mouth,  on  the  right  side,  just  below  the  liver.  From 
this  opening  the  pocket  passes  to  the  left  behind  the  lesser  omentum,  as  far  as  the 
spleen,  up  beliind  the  Spigelian  lobe  of  the  liver,  and  down  behind  the  stomach, 
and  into  the  great  omentum. 

As  in  the  case  of  the  great  S£lc,  it  will  of  course  be  understood  that  the  two  walls  of 
the  small  sac  and  the  boundaries  of  the  foramen  of  Winslow  are  normally  in  contact 
We  shall  first  consider  this  opening,  and  then  trace  the  layers  of  the  small  sac. 

Foramen  of  Winslow  (Fig.  779,  A). — This,  the  constricted  passage  which  leads 
from  the  great  into  the  small  sac  of  the  peritoneum,  is  found  just  below  and  behind  the 
portal  fissure  of  the  liver  by  running  the  finger  along  the  under  surface  of  the  gall- 
bladder towards  its  neck,  when,  with  little  difi&culty,  it  passes  behind  the  right 
margin  of  the  lesser  omentum  and  into  the  foramen.  It  is  bounded  in  front  by  the 
free  right  border  of  the  lesser  omentum,  passing  up  from  the  first  part  of  the  duodenum 
to  the  portal  fissure,  and  containing  between  its  two  layers  the  portal  vein,  hepatic 
artery,  and  bile  duct.  Behind,  lies  the  inferior  vena  cava,  covered,  of  course,  by 
peritoneum.  Above,  is  placed  the  caudate  lobe  of  the  liver.  And  below,  lie  the  first 
part  of  the  duodenum,  and  the  hepatic  artery,  the  latter  running  forwards  and  to  the 
right  beneath  the  foramen,  before  turning  up  into  the  lesser  omentum.  It  should 
be  remembered  that,  normally,  the  various  boundaries  of  the  foramen  lie  in  contact, 
and  that  its  cavity  can  only  be  said  to  exist  as  such  when  its  walls  are  drawn  apart. 

If  we  follow  the  small  sac,  in  through  the  foramen,  it  will  be  found  that  it 
expands  immediately  beyond  this  narrow  opening  (Fig.  777),  its  upper  portion  lying 
behind  the  lesser  omentum,  and  running  up  behind  the  Spigelian  lobe  of  the  liver 
as  far  as  its  upper  end ;  and  its  lower  portion  passing  down  behind  the  stomach 
and  on  into  the  great  omentum,  where  it  lies  in  front  of  the  transverse  colon,  and 
extends  practically  to  the  lower  margin  of  the  omentum — although  this  latter  point 
cannot  as  a  rule  be  demonstrated  in  the  adult. 

As  the  small  sac  is  composed,  like  the  great,  of  two  distinct  layers,  an  anterior 
and  a  posterior,  it  will  be  necessary  to  follow  each  of  these  separately.  Above,  the 
anterior  layer  of  the  small  sac  clothes  the  Spigelian  lobe ;  it  then  passes  down  (frt>m 
the  posterior  margin  of  the  portal  fissure,  and  the  fissure  of  the  ductus  venoeus)  to 
the  lesser  curvature  of  the  stomach  as  the  posterior  layer  of  the  lesser  omentum. 
Continued  on  from  this,  it  clothes  the  inferior  (or  visceral)  surface  of  the  stomach 
as  far  as  the  great  curvature,  with  the  exception  of  the  small  **  uncovered  area '' 
below  and  to  the  left  of  the  cardia  (Fig.  743,  B),  but  it  does  not  actually  come 
in  contact  with  the  oesophagus  itself,  the  back  and  right  side  of  which  are  un- 
covered. On  the  left,  it  is  reflected  from  the  back  of  the  stomach  to  the  spleen  as 
the  deeper  layer  of  the  gastro-splenic  omentum. 

From  the  great  curvature  of  the  stomach  it  is  oontinued  down,  forming  the 
posterior  layer  (of  the  anterior  fold)  of  the  great  omentum ;  and  at  the  lower  |)ttrt 
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Where  the  small  sac  runs  up  behind  the  Spigelian  lobe,  it  forms,  as  pointed  out  at  page  1116, 
the  left  boundary  of  the  uncovered  area  of  the  right  lobe,  and,  consequently,  a  third  or  leSft  layer 
of  the  coronary  ligament. 

A  special  diverticulum  of  the  small  sac  runs  out  to  the  ri^ht,  behind  the  beginning  of  tlie 
duodenum,  to  clothe  the  back  of  that  tube  for  about  an  inch  (Fig.  780). 

The  splenic  artery  reaches  the  spleen  by  passing  to  the  left,  behind  the  posterior  layer  of  the 
small  sac,  which  also  extends  to  that  organ  (Fig.  779,  A). 

The  lesser  omentum  is  described  at  page  1116 ;  it  need  only  be  pointed  out 
now  that  it  is  composed  of  two  layers,  the  anterior  derived  from  the  great  sac, 
and  the  posterior  from  the  small  sac,  both  of  which  are  extremely  thin — some- 
times even  cribriform. 

The  great  omentum  is  a  large  apron-like  fold  of  peritoneum,  usually  more  or 
less  loaded  with  fat,  which  is  suspended  from  the  great  curvature  of  the  stomach, 
and  hangs  down  in  front  of  the  intestines  to  a  variable  extent.  When  the  abdomen 
is  carefully  opened  without  disturbing  the  viscera,  it  is  rare  to  find  the  great 
omentum  evenly  spread  over  the  front  of  the  intestines.  More  commonly  it  is  folded 
in  between  some  of  the  coils  of  intestine,  or  tucked  into  the  left  hypochondriuni ; 
or  perhaps  it  is  carried  upwards  in  front  of  the  stomach  by  a  distended  transverse 
colon.  *  It  extends  between  the  great  curvature  of  the  stomach  above  and  the 
transverse  colon  below,  not  taking  the  shortest  course  from  one  of  these  to  the  other, 
but  hanging  down  as  a  loose  fold  between  the  two.  The  lower  part  of  the  small 
sac  is  continued  down  \rithin  it  (Fig.  777). 

The  great  omentum  may  be  said  to  consist  of  two  folds,  each  formed  of  two 
layers,  one  derived  from  each  sac  of  the  peritoneum.  The  anterior  or  descending  fold 
begins  at  the  great  curvature  of  the  stomach,  where  it  is  formed  by  the  meeting  of 
the  two  layers  from  the  superior  and  inferior  surfaces  of  that  organ  respectively ; 
from  this  it  descends  to  the  lower  border  of  the  omentum,  where,  turning  back 
upon  itself  (Fig.  777),  it  passes  up  as  the  posterior  or  ascending  fold.  This  runs 
upwards  until  it  meets  the  transverse  colon ;  here  its  two  layers  separate  to  enclose 
and  cover  that  colon — and  the  omentum  properly  so  called  ceases.  Its  two  layers, 
however,  unite  at  the  upper  surface  of  the  colon  (Fig.  777)  to  form  the  tranjiTerBe 
mesocolon,  which  is  continued  upwards  and  backwards  to  the  anterior  border  of  the 
pancreas.  Here  the  layers  of  the  transverse  mesocolon  again  separate — ^the  upper, 
derived  from  the  small  sac,  running  backwards  and  upwards  over  the  upper  surface 
of  the  pancreas  to  the  posterior  abdominal  wall ;  the  lower,  derived  from  the  great 
sac,  passing  downwards  along  the  back  of  the  abdomen,  as  already  explained. 

The  great  omentum  is  continued  to  the  right  for  a  short  distance  (25  mm.)  along  the  lower  border 
of  the  auodenum.  At  the  left  end  it  shortens  very  much,  and  is  directly  continued  into  the 
gastro-splenic  omentum ;  the  spleen,  as  it  were,  being  introduced  between  tne  two  layers  instead 
of  the  colon. 

Functions  of  the  Great  Omentum. — Numerous  uses  have  been  assigned  to  the  gi^At 
omentum ;  the  chief  seem  to  be :  (1)  To  act  as  a  movable  and  easily  adjustable  packing  material, 
capable  of  filling;  aU  temf>orarilj-produced  spaces  in  the  abdomen.  In  this  respect  it  may  be 
compared  with  tne  Haversian  fatty  pads  in  jomts.  (2)  It  probably,  to  some  extent,  prevents  the 
passage  of  the  small  intestine  up  into  the  stomach  chamber,  and  helps  to  keep  them  from 
getting  entangled  there.  (3)  It  is  a  storehouse  of  fat  (4)  It  is  said  to  be  '*  the  great  protector 
a^^ainst  peritoneal  infectious  invasions."  Being  freely  movable,  it  can  pass  to  almost  any  part  of 
the  abdomen,  and  there  "  build  up  barriers  of  exudations  to  check  infection  "  (Byron  Bobinaon). 

Mr.  Lockwood  has  made  the  interesting  observation  (in  connexion  with  the  contents  of  hernia:) 
that,  in  bodies  under  forty-five  years  of  afe,  the  omentum  can  rarely  be  drawn  down  below  the 
level  of  the  pubic  spine ;  in  older  bodies  the  reverse  is  the  rule. 

The  gastro-splenic  omentum  is  a  short  fold  composed  of  two  layers,  the  anterior 
or  more  superficial  being  derived  from  the  great  sac,  the  posterior  or  deeper  from  the 
small  sac  (Fig.  779,  A).  It  is  attached  by  one  margin  to  the  wide  end  of  the  stomach 
(just  below  the  line  of  the  great  curvature),  and  by  the  other  to  the  gastric  surface 
of  the  spleen  just  in  front  of  the  hilum.  Between  its  two  layers  the  vasa  brevia  of 
the  splenic  artery  pass  from  the  spleen  to  the  stomach.  Below  and  in  front,  its 
layers  are  continued  into  the  corresponding  layers  of  the  great  omentum ;  above 
and  behind,  they  separate  at  the  "  uncovered  area  "  of  the  stomach  (Fig.  780). 

Minor  Folds  of  Peritoneum. — The  phreno-colic  ligament,  passing  from  the 
«^plenic  flexure  of  the  colon  to  the  diaphragm  opposite  the  10th  or  11th  ribs,  has 
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iti  the  region  of  the  developing  heart,  whicli  is  the  tirst  evidence  of  the  differeutiatiou  of 
the  stomach  :  this  enlargemeut  is  at  first  symmetrical,  and  meBially  placed.  Soou,  how- 
ever, as  the  diaphragm  is  l>eing  formed,  ttie  stomach  descends  into  the  abdomen,  and  its 
dorsal  wall — the  future  great  curvature — begins  to  grow  more  rapidly  thau  the  ventral 
wall.  As  a  result  the  whole  organ  becomes  somewhat  curved,  and  it«  lower  end  ia 
carried  forwards  from  the  posterior  abdominal  wall,  giving  rise  to  the  curvature  of  tUv 
duodenum.  The  excessive  growth  of  its  posterior  wall  causes  the  stomach  to  turn  over 
on  to  its  right  side,  which  uow  becomes  posterior  or  dorsal.  In  this  rotation  it«  upper  or 
cardiac  portion  moves  to  the  left  of  the  middle  line,  and  the  whole  organ  assumes  an 
oblique  direction  across  the  abdomen.  Already,  at  the  fifth  or  sixth  week,  the  adult  fonn 
of  the  stomach  is  clearly  indicated. 

This  rotation  of  the  stomach  around  its  long  axis,  which  is  accompanied  by  a  rotation 
of  the  lower  end  of  the  coaophagua,  explains  the  unsymmetrical  position  of  the  two 
pneumogastric  ner^'es.  In  the  adult  the  left  nerve  is  found  on  the  front  of  the  stomach, 
which  was  originally  the  left  side  of  the  oi^an;  similarly,  the  right  nerve  lies  on  the 
back,  which  was  originally  the  right  side. 

Intestines. — At  first  there  is  no  separation  into  large  and  small  intestines :  the 
primitive  canal  simply  forms  a  slender  tube,  with  a  convexity  towards  the  umbilicitl 
orifice,  through  which  the  vitelline  duct  pasaes  to  the  j'olk  sac.  Later,  the  tube  increa»-^ 
in  length,  and  in  embryos  of  11  or  12  mm.  an  outgrowth  of  the  canal  appeare,  which 
represents  the  future  ciecum,  and  indicates  the  separation  into  large  and  small  intestines. 
Growing  longer,  the  intostine  forma  a  large  loop  with  the  vitelline  duct  springing  from 
its  apex  (Fig.   781),  and   the  superior  mesenteric   artery  running  down    between    the 

layers  of  its  mesenterv. 

V«.t»l  nia^Btarr  ^t  the  same  time  the  two 

extremities   of    the    coil 

approach    one    another. 

and  form  a  narrow  neck 

to  the  loop,  as  shown  in 

Fig.    781.      There    ao» 

takes    place    a    cban^n' 

which    entirely    mod  iti  cd 

"*  the  position  of  the  pons 

Btip  — this  is  a  rotation  of  the 

whole     loop,     with     its 

mesentery,    around     ibr 

'"     supe rior mesenteric  art  vrr 

Y  a9anaiis(Kig.782).   Thi- 

result  of  this  roiAtion  it 

,  that   the   original    ri:.'hi 

jnfe,  \       nfTium  side  of  the  loop  of  t,nit 

The  mf i»>nttr)-  *"*^    mesentery  beonu-s 

Aoru  the  left   side  ;    and    tli<- 

Fia.  -81.-T«-o  D,AuaA«.  t,,  ,ll,-«t«atk  thk  Deveu.i-i.ent  of  the        t^gi^ni"?    of    the    laivv 

IsTESTisAL  Canai-  uitestmc  IS  earned  acT<<-.« 

The  Hgur*  to  the  riglit  ohown  the  roUtion  of  the  intestinal  loop  ronnd  the   .,_  _i   -   -    1_  .T 

superior  mesenteric  artery.     In  both  flpires  the  parts  are  (.nppo.e.i  to  he    '""»  explaining  the  pa-^ 
viewed  from  tht  loft  side.  sage    of    the   duodenum 

behind  the  trans  vit^ 
eolon  in  the  adult.  At  the  same  time  the  ctecum  comes  to  He  near  the  middle  of  thi- 
abdonien  below  the  liver,  a  position  in  which  it  will  be  found  during  the  third  month. 
Subsequently,  it  passes  farther  to  the  right ;  and  finally,  descending,  comes  to  occupy  iia 
adult  position. 

The  small  intestine  continues  to  grow  in  length,  and,  as  a  result,  is  thrown  into  cfil:^ 
which  become  more  and  more  complex  as  the  length  iucrenscs,  until  the  adult  candiit.>ti 
is  attained.  The  terminal  portion  of  the  large  bowel  retains  its  position  (hi  the  left  mI''. 
and  pas.ses  down  to  the  iinua.  The  development  of  the  cfecum  and  appendix  is  descriU'l 
at  page  1078. 

Peritoneum. — At  first  the  primitive  alimentaty  canal  is  suspended  from  the 
dorsal  wall  of  the  embryo,  along  the  middle  line,  by  a  slmpla  doTSftl  maaaotaiT,  «h:oh 
extends  along  the  whole  length  of  the  tube,  and  is  common  to  all  its  divisions — a  coDdili<-a 
Found  in  the  adult  stage  of  many  reptiles.  There  is  also  present,  in  the  upper  p»n  "f  ib.- 
cavity,  after  the  st^imach  and  liver  descend  into  the  abdomen,  a  Tentiml  maWBt«T  ( f^-- 
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this  fold  which  intervenes  between  the  stomach  and  spleen  forms  the  gastro- splenic 
omentum,  whilst  the  part  behind  the  spleen  becomes  the  lieno-renal  ligament. 

Of  the  primitive  mesentery,  the  portion  connected  with  the  stomach — the  mesogastrium 
— becomes  modified  in  the  manner  just  described.  The  next  division — the  mesoduodenum 
— disappears  completely,  owing  to  the  turning  over  of  the  duodenal  loop  on  to  its  right 
side,  and  its  subsequent  adhesion  to  the  posterior  abdominal  wall,  accompanied  by  the 
absorption  of  its  mesentery.  The  mesenteries  of  the  small  and  large  intestine  are  con- 
tinuous at  first  (Fig.  781).  When  the  rotation  of  the  intestinal  loop  takes  place  around 
the  superior  mesenteric  artery  (see  above),  the  beginning  of  the  large  intestine,  with  its 
mesentery,  is  carried  to  the  right  across  the  duodenum,  and  a  fan-shaped  portion  of  the 
general  mesentery,  lying  within  the  concavity  of  the  loop,  is  partially  cut  off;  this,  later 
on,  forms  the  mesentery  proper  in  the  adult.  At  first  it  is  continuous  by  its  right  border 
with  the  mesentery  of  the  ascending  colon,  a  part  of  the  primitive  mesentery  (which  is 
similarly  continued  into  the  mesentery  of  the  transverse,  descending,  iliac,  and  pelvic 
colons).  Subsequently,  as  shown  by  the  darkly-shaded  parts  in  Fig.  782,  the  back  of  the 
mesenteries  of  the  ascending,  descending,  and  iliac  portions  of  the  colon  adheres  to  the 
posterior  abdominal  wall,  and  these  mesenteries  become  lost ;  whilst  the  mesenteries  of 
the  transverse  and  pelvic  portions  of  the  colon  remain  free,  and  persist  in  the  adult. 

At  the  same  time,  the  mesentery  proper  (which  was  at  first  attached  only  at  its 
narrow  neck,  between  the  duodenum  and  transverse  colon,  and  below  this  was  continuous 
on  the  right  with  the  ascending  mesocolon)  now  acquires  a  new  attachment  to  the 
l)osterior  abdominal  wall  through  the  absorption  of  the  ascending  mesocolon  (Fig.  782), 
and  the  adult  condition  is  attained. 

THE  LIVER 

The  liver  (hepar)  is  a  large  glandular  mass  of  irregular  shape,  which  lit*** 
under  cover  of  the  ribs  in  the  upper  and  right  portion  of  the  aMominal  cavity, 
immediately  teneath  the  diaphragm  (Fig.  784).  It  is  the  largest  of  all  the 
digestive  glands,  and  plays  an  important  part  in  the  metabolism  of  both  carlio- 
hydrate  and  nitrogenous  materials:  in  addition,  it  secretes  the  bile  —  a  fluid 
which  although  chiefly  excretory,  assists  to  some  extent  in  pancreatic  digtistion. 
From  the  liver  the  bile  is  conveyed  to  the  duodenum  by  the  bile  duct,  in  c< an- 
nexion with  which  is  found  a  pear-shaped  diverticulum,  for  the  temporary  stoniLr*' 
of  the  bile,  known  as  the  gall-bladder  (Fig.  786). 

Form. — The  liver  is  so  irregular,  and  varies  so  considerably  in  size  and  sha]ie 
in  different  bodies,  and  even  in  the  same  body  under  different  conditions,  that  it 
is  difficult  to  convey  a  true  idea  of  its  form.  This,  perhaps,  may  be  most  reatlily 
realised  from  a  consideration  of  the  portion  of  the  abdomen  in  which  the  liver 
lies,  and  to  the  shape  of  which  its  form  is  chiefly  due. 

The  upper  portion  of  the  abdominal  cavity  is  dome-shaped,  its  anterior,  posterinr. 
and  lateral  walls,  as  well  as  its  roof,  being  formed  chiefly  by  the  vaulted  under  Buritu-** 
of  the  diaphragm,  which  slopes  down  on  the  inner  aspect  of  the  ribs  as  far  as  the 
lower  border  of  the  thoracic  framework.  In  the  right  and  middle  portions  uf  tho 
dome-shaped  space  thus  formed  the  Uver  Ues,  like  a  cast  in  its  mould,  and  from  it 
chiefly  its  form  is  derived.  And,  if  an  imaginary  plane  be  passed  backwards  and 
upwards,  from  an  oblique  line  extending  across  the  anterior  abdominal  wall,  fn^in  a 
point  immediately  below  the  right  margin  of  the  ribs  to  a  point  one  inch  Udovr 
the  left  nipple,  it  will  cut  off  a  segmeijt  of  the  abdominal  cavity  which  com>- 
sponds  tolerably  accurately  to  the  liver,  in  both  size  and  form. 

Accordingly,  the  liver  may  1^  described  as  having  two  chief  surfaces :  a  parirtal 
surface,  convex  in  general  outline,  which  fits  into  the  arch  of  the  dia])hragm ;  and 
a  visceral  surface,  irregular  in  form,  which  looks  downwards,  backwards,  and  to  tlio 
left,  and  rests  upon  the  aMominal  viscera.  These  two  surfaces  are  separated  fn»ni 
one  another  by  the  inferior  margin  of  the  liver. 

Symington  has  described  the  liver,  when  hardened  in  situ,  as  a  right-angled  triangular  pri^in 
with  its  right  angles  rounded  off,  and  as  having  five  surfaces — anterior,  posterior,  superior,  riirlit, 
and  inferior.  The  first  four  of  these  would  be  included  in  the  i^arietal  surface  debcriKni  al«)\c, 
and  the  inferior  corresponds  to  the  visceral  surface. 

Previously  His  liaa  described  three  surfaces :  an  inferior,  corresponding  to  the  vi!»ceral,  an<i 
a  superior  and  posterior,  which  together  correspond  to  the  parietal  surface. 
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hypochondriiim,  where  it  may  extend  even  as  far  as  the  left  lateral  wall  of  the 
abdomen.  Usually,  too,  its  lower  margin  passes  down  on  the  right  side  for  a  little 
distance  (J  inch,  12*5  mm.)  below  the  subcostal  plane,  and  comes  to  lie  in  the 
right  lumbar  region.  Under  ordinary  conditions,  the  anterior  end  of  the  longi- 
tudinal fissure,  which  separates  the  right  from  the  left  lobe,  lies  one  or  two  inches 
to  the  right  of  the  mesial  plane. 

The  limits  even  of  the  normal  liver  are  very  variable,  but,  taking  the  average 
condition  in  the  male,  they  may  be  marked  put  on  the  surface  of  the  body  by  the 
following  method: — Three  points  are  determined — (a)  half  an  inch  (12*5  mm.) 
below  the  right  nipple ;  (b)  half  an  inch  (12*5  mm.)  below  the  right  margin  of  the 
thorax  (or  below  the  tip  of  the  tenth  rib) ;  and  (c)  one  inch  (25  mm.)  below  the 
left  nipple.  If  these  points  be  joined  by  three  lines,  slightly  concave  towards 
the  liver,  they  will  give  the  outline  of  the  organ  with  sufficient  accuracy  for  all 
ordinary  purposes.     (For  variations  in  position  see  p.  1117.) 

To  state  the  matter  somewhat  more  in  detail : — if  the  two  "  nipple  points  "  (a)  and  (c)  U* 
joined  by  a  line,  slightly  convex  upwards  on  each  side,  but  a  little  depressed  at  the  centre  oorre- 
sponding  to  the  position  of  the  heart,  and  crossing  the  lower  end  of  the  sternum  a)x>ut  the  level 
01  the  sixth  cartilage,  it  will  mark  the  upper  limit  A  line,  convex  outwards,  from  the  right 
nipple  point  (a)  to  the  subcostal  ])oiut  (b)  will  indicate  the  right  limit,  while  the  lower  limit  ih 
marked  by  a  line,  convex  downwards,  arawn  from  the  subcostal  point  (6)  to  the  left  lupple  point 
(c),  and  passing  through  a  point  half-way  between  the  umbihcus  and  the  lower  end  ol  the 
gladiolus,  in  the  middle  line. 

The  line  indicating  the  upper  limit  of  the  liver  is  elevated  on  each  side,  corresponding  to  the 
cupolse  of  the  diaphragm,  ana  depressea  in  the  centre  beneath  the  heart  On  the  ri^t  side 
where  highest,  namely,  about  one  inch  (25  mm.),  internal  to  the  mammary  line,  it  reaches  during 
expiration  to  the  upper  border  of  the  fifth  rib ;  on  the  left  side  it  is  one-half  to  three-quarterB  of 
an  inch  (12  to  18  mm.)  lower  ;  and  it  crosses  behind  the  sternum  at  the  level  of  the  sixth  sterno- 
costal junction— or  sometimes  lower.  It  must  be  remembered,  however,  that^  whilst  the  liver 
reaches  up  to  the  levels  just  given,  it  does  so  only  at  the  highest  part  of  its  convex  parietal  surfacv, 
and  is  separated  from  the  ribs  all  round  by  the  thin  lower  margin  of  the  lung  (which  exteniU 
down  between  the  chest  wall  and  diaphragm  to  the  sixth  rib  in  jfront^  to  the  eighth  in  the  mid- 
lateral  line,  and  to  the  level  of  the  tip  of  tne  spine  of  the  tenth  dorsal  vertebra  behind),  so  that, 
in  percussing  over  the  liver,  its  dulness  is  obscured  by  the  resonance  of  the  lungs  above  thee<' 
points. 

Weight  and  Size. — The  liver  usually  weighs  from  three  to  three  and  a  quarter 
pounds,  or  about  ^th  of  the  body  weight. 

The  average  size  of  the  liver  may  be  briefly  expressed  as  follows : — It  measures  in  the  trans- 
verse direction  about  seven  inches  (17*5 cm.) ;  in  the  vertical,  six  to  seven  inches  (16  to  17*5  cm.; ; 
and  in  the  antero-jxwterior,  on  the  right  side  where  greatest,  about  six  inches  (15  cm.)  It.-* 
greatest  width,  measured  obliquely  from  side  to  side  along  the  inferior  or  visceral  surface,  is  ten 
inches  (25  cm.) 

Its  weight  ordinarily  varies  between  fifty  and  fifty -five  ounces  in  the  male,  and  between  forty 
three  and  forty -eight  in  the  female,  with  an  average  for  the  two  sexes  of  about  forty -nine  ounct^ 
or  a  little  over  three  pounds.  It  corresponds  to  about  ^th  of  the  body  weight  in  the  adult ; 
whilst  at  birth  it  is  relatively  twice  as  large  (viz.  i^th  or  ^th  of  the  body  weight),  and  in  tbt* 
early  foGtus  very  much  larger. 

The  proportion  of  the  right  to  the  left  lobe  is  very  variable,  but  is  usually  about  as  4  to  1 ; 
at  birth  it  is  about  as  2  or  3  to  1. 

Relations  and  Surfaces. — The  liver,  as  already  pointed  out,  possesses  two  chiff 
surfaces,  the  parietal  lying  in  contact  with  the  abdominal  parietes,  and  the  viscvml 
resting  on  the  abdominal  viscera. 

ParietaJ  Surface. — In  conformity  with  the  shape  of  the  upjier  portion  of  tlie 
abdominal  cavity  which  it  occupies,  the  parietal  surface  (Fig.  785)  is  convex  in 
general  outline,  and,  taken  as  a  whole,  lies  against  the  diaphragm,  except  below 
and  in  front,  where  it  projects  from  beneath  the  ribs  (Fig.  784),  and  comes  in 
contact  with  the  anterior  abdominal  wall  for  about  two  or  tliree  inches  (5*0  to  7*5 
cm.)  below  the  xiphi-sternal  articulation.  It  is  completely  covered  by  peritoneum, 
except  behind  at  the  "  uncovered  area,"  where  it  comes  into  direct  relation  with 
the  diaphragm ;  and  it  is  divided  into  right  and  left  lobe-portions  by  the  attach- 
ment of  the  falciform  ligament — a  fold  of  peritoneum  which  connects  it  to  the 
diaphragm  and  anterior  abdominal  wall. 

As  the  sjiace  which  the  liver  occupies  is  bounded  by  the  anterior,  the  right, 


(4)  SpigelioQ  Lobe. — To  the  left  of  the  fossa  of  the  cava  lies  the  Spigelian  lobe 
(lobuB  caudatus),  a  promiaent  oblong  mass  (Fig.  786),  which  is  plae«d  vertically  on 
the  back  of  the  liver,  between  the  fissure  of  the  ductus  venosus  on  the  left  and  the 
fossa  of  the  vena  cava  on  the  right — the  former  marking  it  off  from  the  left  lobe,  the 
latter  from  the  "  uncovered  area"  of  the  right  lobe.  The  top  of  the  Bmall  sac  of 
peritoneum  separates  the  back  of  the  SpigeUan  lobe  from  the  diaphragm,  which 
ktter,  in  turn,  separates  it   from   the  aorta  juat   before  that  vessel  enters  the 


The  upper  end  of  the  Spigelian  lobe  ie  sepanited  from  the  superior  area  of  the  puieUl  Burface 
by  the  meeting  of  the  vena  cava  and  the  fiesuie  of  the  ductus  venoaus  in  front  ot  iL     Its  lower 


Colia  Imprwlon 
Fia.  TSe. — TBI  LiTBIi  FROH  BtLOn  AND  BIRnm,  showing  the  vrhole  of  the  vUceiat  nrtux  4nil  tbc  poaUrii-r 
area  or  the  parietal  mrTus.  The  portal  Suure  has  been  iligbtly  opensd  ap  to  show  ths  ceawla  |»»iiix 
tlirough  it ;  the  other  flMon*  m  repruented  in  their  oatural  condition— closeil.  In  tliii  lira-,  whii-b 
wu  hardened  in  tUa,  the  iinpreuiooi  of  the  uecDlatiasa  of  tha  colon  nn  dintiactly  viiible  at  the  colir 
impreaBion.  The  round  ligament  and  the  rem^ni  of  the  ductua  veniwus  are  bidden  in  the  depthi  <>[ 
their  liuures. 

end  is  free  and  prominent,  and  reaches  to  the  visceral  eur&ce,  where  it  usually  preaents  a 

notch  or  fissure  (in  which  the  hepatic  artery  Ilea,  particularly  in  the  fmtua),  which  marks  off  a 
brgor  and  more  prominent  left  part  (the  tuhercnlum  papillare)  projecting  downwards  behind  the 
portal  fieaure,  and  a  smaller  right  part  paaaing  out  into  the  proceMUS  caudatuB,  or  candate  Iol< 
which  connects  it  (Fis.  786)  with  the  under  or  visceral  siuface  of  the  right  lobe. 
The  posterior  aurlace  of  the  Spigelian  lobe  ia  Ine ;  it  is  placed  verticallj,  and  I 


and  alichtlv  inwards.  The  lobe  has  also  another  surface,  which  is  hidden  when  in  the  body 
in  the  hardened  liver  by  the  folding  of  the  left  lobe  across  iL  By  this  folding  therv  is  form 
deep  fissure  (fissure  of  the  ductus  venosus),  at  the  bottom  of  which  will  be  found   the  rvmains 


(5)  The  CElsophageal  Groove  is  situated  on  the  back  of  the  left  lobe,  to  tlie 
left  of  the  upper  end  of  the  Spigelian  lobe,  but  separated  from  it  by  the  6ssut«  of 
the  ductus  venosus  (foaea  ductus  venosi),  which  on  this  aspect  indicates  the  diviaiou 
between  the  right  and  left  lobes.    The  groove  leads  down  into  the  gastric  impros- 
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the  upper  half  or  two-thirds  of  the  right  kidney,  against  the  anterior  or  visceral 
surface  of  which  it  lies.  It  is  placed  behind  the  colic  impression  just  as  the  kidney 
itself  is  placed  behind  the  colon.  (3)  To  the  inner  side  of  the  renal  impression,  and 
near  the  neck  of  the  gall-bladder,  is  placed  the  narrow  duodenal  impression  (im- 
pressio  duodenalis),  which  lies  in  contact  with  the  duodenum  (the  second  part,  down 
to  the  point  at  which  it  is  crossed  by  the  colon). 

The  qnadrate  lobe  is  of  an  obloDg  shape,  the  antero-posterior  dianieter  being  the  greatest  Its 
surface  is  generally  concave,  and  is  i-elated  to  the  pylorus  and  the  adjacent  parts  of  the  stomach 
and  duodenum,  when  the  former  is  distended.  When  the  stomach  is  empty,  however,  the 
pylorus  usually  lies  beneath  the  right  portion  of  the  left  lobe,  and  the  fii-st  part  of  the  duodenum 
lies  beneath  the  quadrate  lobe,  the  transverse  colon  also  coming  in  contact  with  it  anteriorly 
(Fig.  786). 

The  upper  end  of  the  renal  impression  is  frequently  uncovered  by  peritoneum  (Fig.  786),  that 
is  to  say,  the  "uncovered  area"  of  the  right  lobe  extends  down  over  the  impression  for  a  little 
way.  This  impression  is  very  deep,  and  accommodates  nearly  the  whole  thicKness  of  the  ki<lney. 
In  many  hardened  specimens  it  would  appear  to  belong  more  to  the  posterior  part  uf  the 
parietal  than  to  the  inferior  or  visceral  surface. 

The  inferior  maj-gin  of  the  liver,  as  already  pointed  out,  separates  the  parietal 
from  the  visceral  surface.  Behind,  it  is  indistinctly  marked  and  corresponds  to  the 
lower  edge  of  the  posterior  area,  or  back,  of  the  parietal  surface :  it  is  in  con- 
tact with  the  right  kidney,  and  runs  along  the  course  of  the  eleventh  rib.  At  the 
right  side  it  is  stout  but  distinct,  and  usually  corresponds  to,  or  projects  a  little  way 
below,  the  lower  border  of  the  thoracic  framework.  In  front  (margo  anterior)  it  is 
thin  and  sharp,  and  crosses  the  anterior  abdominal  wall  obliquely,  generally  corre- 
sponding to  a  line  drawn  from  a  point  half  an  inch  (12  mm.)  l)elow  the  margin  of 
the  ribs  (tip  of  tenth  costal  cartilage)  on  the  right  side  to  a  point  an  inch  below  the 
nipple  on  the  left,  and  extending  down  in  the  middle  line  to  a  point  half-way 
between  the  gladiolus  and  the  umbilicus.  This  portion  of  the  lower  bonier 
usually,  but  not  invariably,  presents  one  or  two  notches.  The  umbilical  notch 
(incisura  umbilicalis),  the  more  constant  of  the  two  (Fig.  785),  is  situated 
at  the  anterior  end  of  the  umbilical  fissure,  and  corresi)ond8  to  the  lower  jKirt 
of  the  attachment  of  the  falciform  ligament.  It  is  usually  placed  from  one  to 
two  inches  (2'5  to  50  cm.)  to  the  right  of  the  middle  line.  The  second  notch,  less 
frequently  present,  corresponds  to  the  fundus  of  the  gall-bladder,  and  may  lit* 
called  the  notch  of  the  gall-bladder  (incisura  vesica;  fellese). 

At  its  left  extremity  the  inferior  margin  passes  backwards  around  the  eilye  of 
the  left  lobe,  and  ends  at  the  oesophageal  groove  on  its  back. 

Fissures  of  the  Liver. — Five  fissures  or  fossae  are  usually  described  in  con- 
nexion with  the  liver;  these  are:  (1)  the  umbilical  fissure,  (2)  the  fissure  of  the 
ductus  venosus ;  (3)  the  portal  fissure ;  (4)  the  fissure,  or  fossa,  of  the  gall-bladder ; 
and  (5)  the  fissure,  or  fossa,  of  the  vena  cava. 

Taken  together,  the  five  fissures  are  arranged  somewhat  in  the  form  of  the  letter 
A  (Fig.  786) ;  the  two  lower  divisions  of  the  diverging  limbs  being  formed  by  the 
umbilical  fissure  and  the  fissure  of  the  gall-bladder  respectively,  and  the  cross-piei-e 
by  the  portal  fissure — all  of  which  are  placed  on  the  inferior  or  visceral  surface. 
The  two  upper  divisions  of  the  limbs  are  represented  by  the  fissure  of  the  ductus 
venosus  and  that  of  the  vena  cava,  which  meet  above  and  are  both  placed  on 
the  back  or  posterior  area  of  the  parietal  surface.  The  latter  of  these  tw<i — 
namely,  the  fissure  of  the  cava,  represented  by  the  right  upper  division  of  the  A — 
does  not  join  the  cross-piece  (the  portal  fissure),  but  is  separated  from  it  below  by 
a  narrow  ridge  of  liver  substance — the  caudate  lobe  or  process  (Fig.  786). 

(1)  The  umbilical  fissure  (fossa  vense  umbilicaUs)  is  a  deep  crevice-like  fiaBun\ 
situated  on  the  visceral  surface  between  the  adjacent  portions  of  the  quadrate  an«i 
left  lol)es.  At  its  bottom  is  seen  a  stout  fibrous  t)and,  the  round  ligament — the 
remains  of  the  umbilical  vein  of  the  foetus.  The  fissure  leads  fn>m  the  umhilital 
notch  at  the  inferior  border  of  the  liver  to  the  left  extremity  of  the  portal  fissure* 
(Fig.  786),  and  is  very  often  crossed  by  a  pons  hepatis — a  band  of  liver  subetaiice 
— which  may  even  extend  along  the  whole  length  of  the  fissure,  hiding  the  nmnti 
ligament  completely  from  view. 

(2)  Tlie  fissure  of  the  dnctus  yenoBUB  (fossa  ductus  venosi)  lies  on  the  bac*k  <.»£ 
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Having  thus  reached  the  liver  from  the  diaphragm,  the  peritoDeum  passes  forwards, 
clothing  its  parietal  surface  as  far  as  the  anterior  margin,  around  which  it  turns  to  gain 
the  lower  or  visceral  surface.  This  it  also  covers  as  far  back  as  the  portal  fissure  and  the 
fissure  of  the  ductus  venosus  (Fig.  786),  from  which  it  descends  to  the  stomach  as  the 
anterior  layer  of  the  lesser  omentum. 

As  regards  the  covering  derived  from  the  small  sac : — Its  pentoneum  passes  in  through 
the  foramen  of  Winslow,  which  is  placed  immediately  beneath  the  caudate  lobe,  and  thus 
it  clothes  this  lobe  (Fig.  786).  Then  turning  upwards  it  expands  over  the  Spigelian 
lobe,  clothing  its  two  surfaces. 

From  the  right  margin  of  the  Spigelian  lobe  it  is  reflected  to  the  diaphragm,  here 
forming  the  last  boundary  (Fig.  795)  of  the  uncovered  area  of  the  right  lobe,  and  a  third 
layer  of  the  coronary  ligament. 

The  detailed  arrangement  of  the  peritoneum  will  be  found  on  p.  1097,  with  the  general 
account  of  the  peritoneal  cavity. 

Lig^amentS. — Most  of  the  ligaments  of  the  liver,  namely,  the  coronary,  falciform,  and 
two  lateral,  are  formed  by  folds  of  peritoneum ;  the  other  two,  namely,  the  round  ligament 
and  the  ligament  of  the  ductus  venosus,  are  remains  of  foetal  blood-vessels. 

The  corollary  ligament  (ligamentum  coronarium  hepatis)  consists  of  the  folds  of 
peritoneum  which  are  reflected  from  the  liver  to  the  diaphragm  at  the  margins  of  the  un- 
covered area  of  the  right  lobe ;  both  its  upper  and  lower  layers  are  derived  from  the  great 
sac.  The  name  of  light  lateral  ligament  has  been  given,  without  sufficient  reason,  per- 
haps, to  its  pointed  right  extremity  (Fig.  786). 

The  left  lateral  ligament  (ligamentum  triangulare)  is  a  considerable  triangular  fold, 
entirely  unconnected  with  the  coronary  ligament,  which  is  attached  by  one  end  to  the 
upper  or  parietal  surface  of  the  left  lobe  near  its  posterior  border,  and  by  the  other  to  the 
diaphragm,  for  a  distance  of  several  inches  as  a  rule. 

Its  attachment  to  the  diaj)hragm  lies  nearly  altoffether  to  the  left  of  the  oBsophageal  orifice, 
and  about  }  inch  (18  mm.)  in  uont  of  the  une  of  this  opening.  Sometimes  it  is  directed 
from  the  diaphragm  backwards  to  its  hepatic  attachment 

Falciform  Ligament  (ligamentum  falciforme  hepatis). — This  is  also  known  as  tlic 
broad  or  the  suspensory  ligament.  It  is  a  crescentic  fold  of  peritoneum,  which  is 
attached  by  its  convex  border  to  the  under  surface  of  the  diaphragm,  and  to  the  anterior 
abdominal  wall  (an  inch  or  more  to  the  right  of  the  middle  line)  to  within  a  short 
distance  (1  to  2  inches,  2*5  to  5  cm.)  of  the  umbilicus.  Its  concave  border  is  attached 
to  (the  superior  and  anterior  areas  of)  the  parietal  surface  of  the  liver;  below  this  it 
presents  a  free  edge,  stretching  from  near  the  umbilicus  to  the  umbilical  notch  of  the 
liver,  and  containing  within  it  a  stout  fibrous  cord,  the  round  ligament. 

Near  the  back  part  of  the  upper  aspect  of  the  liver  the  two  layers  of  which  the  falciform 
ligament  is  composed  separate,  and  leave  a  triangular  area  of  liver  substance  in  front  of  the 
upper  end  of  the  vena  cava  uncovered  by  peritoneum.  Traced  backwards,  the  right  layer  pasf«« 
into  the  upper  layer  of  the  coronary  ligament,  the  left  into  that  of  the  left  lateral  ligament.  It 
is  the  remains  of  the  ventral  mesentery  of  the  embryo,  and  has  no  supporting  or  suspenaory 
action  on  the  liver  of  the  adult 

The  lesser  or  gastro- hepatic  omentum  (omentum  minus)  is  a  fold  of  peritODeum 
which  extends  from  the  liver  to  the  lesser  curvature  of  the  stomach.  Of  its  two  layers— 
which  are  largely  blended  together  in  the  adult — the  anterior  is  derived  from  the  great, 
the  posterior  from  the  small  sac. 

It  is  attached  above  to  the  margins  of  the  portal  fissure,  and  also  to  the  bottom  of  tin* 
fissure  of  the  ductus  venosus.  Below,  it  is  connected  to  the  lesser  curvature  of  the 
stomach,  where  its  two  layers  separate  to  enclose  that  oigan,  and  also  to  the  upper  border 
of  the  duodenum  for  an  inch  or  more  beyond  the  pylorus.  Between  its  layers,  cIomo  U^ 
its  right  or  free  border,  are  contained  the  bile  duct,  the  hepatic  artery,  the  portal  vein,  aixl 
the  nerves  and  lymphatics  passing  to  the  portal  fissure  (Fig.  788).  It  is  wide  in  the  middle 
and  narrow  at  each  end.  Of  the  two  ends  the  right  is  free,  and  stretches  from  the  liver 
to  the  duodenum,  forming  the  anterior  boundary  of  the  foramen  of  Winslow.  The  left 
end  is  very  narrow,  and  is  attached  to  the  diaj>hragm  between  the  CMOphagevU  and  oaval 
openings  (just  to  the  right  of  the  reference  line  in  Fig.  795,  marked  ''top  of  small  sac.'*) 

The  portion  of  the  omentum  passing  between  the  liver  and  the  stomach  is  sometimes  known 
as  the  hepato-gastric  ligament  (bgamentum  hepato-gastricum),  that  between  the  liver  and  the 
duodenum  as  tne  hepato-duodenal  ligament  (ligamentum  hepato-daodenale). 


The  ronnd  ligament  (ligamentum  teres  hepatis)  is  a  stout  fibrous  band  which 
from  the  umbilicus  backwards  and  upwards,  within  the  free  mai^in  of  the  falciform  liga- 
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they  are  particularly  common  in  females,  and  are  due  to  the  pressure  of  the  ribs  resulting  from 
tight-lacing.  Qrooves  of  a  different  kind  are  found  at  the  upper  part  of  the  parietal  surface ; 
where  the  liver  is  in  contact  with  the  diaphragm ;  these  usually  run  radially,  that  is,  in  the 
direction  of  the  muscular  fibres  of  the  diaphragm,  and  are  apparently  produced  by  a  wrinkling, 
or  irregular  contraction,  of  the  diaphragm.  At  least,  ridges  ot  the  diapnragm  are  fonnd  lying  in 
the  grooves,  and  these  ridges  or  wrinkles  would  seem  to  be  responsible  for  the  production  of  the 
grooves. 

Finally,  the  liver  may  present  certain  congenital  irregalaritios  in  the  direction  of  additional 
fissures  and  lobes,  which  reproduce  the  conditions  found  in  the  higher  apes,  and  are  very 
commonly  present  in  the  foetus  (Thomson).  Or  the  liver  may  be  divided  up  into  a  laige  num)x.'r 
of  distinct  lobes,  as  in  most  other  animals. 

Changes  in  position  have  been  already  referred  to  in  connexion  with  variations  in  form ; 
there  need  only  be  added  here  that  the  liver  ascends  and  descends  at  every  expiration  and  inspira- 
tion  respectively,  and  that  it  also  descends,  but  very  slightly,  in  changing  from  the  reclining  to 
the  erect  posture.  Occasionally,  without  any  evident  cause,  the  liver  ana  diaphragm  are  found 
to  occupy  a  higlier  or  lower  position  than  usual. 

Fixation  of  the  Liver. — ^At  first  sight  it  is  not  easy  to  understand  the  means  by  which 
the  liver  maintains  its  position  in  the  abdomen  (and  the  same  remark  applies,  perhaps,  to  other 
solid  abdominal  organs).  The  falciform  ligament  gives  it  no  support,  as  it  is  quite  lax  when 
in  the  body.  Nor  can  it  be  said  that  its  vessels,  except  perhaps  the  hepatic  veins,  a.%isL 
However,  on  considering  the  conditions  under  which  the  viscera  are  placed  in  the  abdominal 
cavity  the  problem  becomes  less  difl&cult 

TTie  abdomen  is  a  closed  cavity,  with  a  firm  framework  to  its  upper  part,  a  tightly  stretched 
diaphragm  for  its  roof,  and  muscular  walls  all  round.  Into  the  concavity  of  this  roof  the  parietal 
surface  of  the  liver  is  fitted  with  perfect  accuracy,  so  that  the  two  are  in  absolute  contact^  an<i 
cannot  be  separated  without  producing  a  vacuum,  unless  some  other  structure  is  in  a  position  to 
fill  the  space.  But  there  is  nardly  any  other  viscus  movable  enough  to  pass  up  over  the  front 
of  the  liver  into  the  vault  of  the  diaphragm,  so  that  atmospheric  pressure  alone  is  probably 
sufficient  to  retain  the  organ  in  «t^u,  as  in  the  case  of  the  hip  joint  In  addition,  the  abdominal 
muscles  are  always  in  a  condition  of  tonic  contraction  or  **  tone,"  which  nves  rise  to  an  intm- 
abdominal  pressure.  This  is  effective  in  aU  directions,  and  consequently  there  is  a  considerable 
pressure  on  all  the  abdominal  walls.  The  liver,  being  in  absolute  contact  with  the  roof,  may  Ih* 
considered  a  part  of  this  wall,  and  it  is  consequently  affected  by  this  pressuro  which  heljie  to 
sustain  it  Add  to  this,  the  support  which  the  organ  receives  from  the  intestines,  the  stomach, 
and  the  pancreas ;  from  the  coronary  and  lateral  ligaments ;  from  the  connexion  of  the  bai-JL  of 
the  right  lobe  by  areolar  tissue  to  the  diaphragm ;  and,  finally,  from  the  vena  cava  embedded  in 
the  liver  and  sending  its  hepatic  veins  forwards  to  all  parts  of  the  organ,  just  before  the  cava 
itself  is  firmly  attached  to  the  margins  of  the  caval  orifice  in  the  central  tendon  of  the 
diaphragm,  and  we  will  prol)ably  fina  sufficient  cause  for  the  maintenance  of  the  oi^n  in  its 
position  in  the  abdominal  cavity. 

THE  GALL-BLADDER  AND  BILE-PASSAGES. 

Under  this  heading  we  have  to  consider  the  hepatic  ducts,  the  gall-bladder,  the 
cystic  duct,  and  the  common  bQe-duct. 

The  excretory  ducts  of  the  liver  (Fig.  788)  begin  within  the  hepatic  lobules  as  minute 
channels,  running  between  the  hepatic  cells  (Fig.  792),  and  known  as  the  bile  canaliciili 
(ductus  biliferi). 

Outside  the  lobules  these  join  (Fig.  792)  the  interlobular  ducts  (ductus  iuterlobii> 
lares),  which  latter  by  uniting  form  larger  and  larger  ducts,  and  finally  end  in  two,  or 
more,  chief  hepatic  ducts,  a  larger  from  the  right,  and  a  smaller  from  the  left  lobe,  which 
unite  immediately  after  leaving  the  liver  to  form  the  hepatic  duct. 

As  a  riUe,  five  or  six  ducts  leave  the  liver  at  the  bottom  of  the  portal  fissure ;  these  genorally 
unite  into  right  and  left  main  ducts ;  sometimes  they  all  converge  towards,  and  unite  at  th<' 
beginning  of  the  hepatic  duct.  It  is  interesting  to  note  that  the  aucts  from  the  Spigelian  aii<i 
caudate  lobes  join  tne  left  main  duct. 

Hepatic  Duct  (ductus  hepaticus). — This  duct  formed  at  the  bottom  of  the  port.il 
fissure  by  the  union  of  right  and  left  chief  ducts  (Fig.  788),  passea  downwards,  with 
an  irregular  course,  and,  just  outside  the  mouth  of  the  portal  fissure,  is  joined  l»y 
the  cystic  duct  (Fig.  788)  to  form  the  common  bile-duct.  In  length  it  usnallr 
measures  about  1  to  IJ  inches  (25  to  31  mm.),  and  in  breadth,  when  flattem^i 
out,  nearly  J  inch  (6  mm.),  or  about  as  much  as  a  goose  quilL  It  lies,  practically 
altogether,  within  the  portal  fissure. 

Oall-bladder  (vesica  fellea). — The  gall-bladder,  with  its  cystic  duct,  may  K» 
looked  upon  as  a  diverticulum  of  the  bile-duct,  enlarged  at  its  extremity  to  form  a 
reservoir  for  the  bile.     It  is  j>car-shaped,  and  lies  obUquely  on  the  under  surface  «»f 
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the  liver  (Fig.  788).     The  wide  end,  or  fnndns,  usually  reaches  the  inferior  border  of 

the  liver — where  there  is  aoraetimes  a  notch  to  receive  it — and  comes  in  contact  with 

the  anterior  abdominal  wall  (Fig.  784),     The  body  (corpua)  niDs  backwards,  upwards, 

and  to  the  left,  lying  in  the  fossa  of  the  gall-bladder,  and  near  the  portal  fissure  parses 

rather  abruptly  into  the  narrow  neck.     The  neck  (colliim)  is  curved  inwards  towards 

the  portal  fissure,  in  the  form  of  the  italic  letter  s,  and  when  distended  it  presents 

the  appearance  of  a  spiral  constriction  which  is  continued  into  the  l>eginning  of  the 

cystic  duct,  and  is  p^^^^^i  h^^^^j 

due  to  a  series  of 

crescentic  folds 

placed     somewhat  ■ 

spirally  round  the 

interior    of^  its 

cavity.        Having 

arrived    near    the 

portalfi8Bure,mueh 

reduced  in  size,  it 

passes     into     the 

cystic  duct. 

As  a  rule  the 
gall-bladder  is 
co\'ered  by  the 
peritoneum  of  the 
inferior  surface  of 
the  liver,  except  on 
its  upper  aspect, 
which  is  united  to 
the  fossa  of  the  gall- 
bladder by  areolar 
tissue.  Sometimes, 
but  rarely,  this 
surface  is  covered 
also,  and  the  gall- 
bladder    is     then 

suspended  from  the  liver  by  a  short  peritoneal  ligament.  The  fundus  usually 
lies  in  contact  with  the  anterior  abdominal  wall,  at  or  immediately  beneath 
the  point  where  the  right  Poupart  line  strikes  the  lower  margin  of  the  ribe 
(i.e.  in  the  angle  between  the  outer  border  of  the  right  rectus  muscle  and  the 
lower  margin  of  the  ribs).  Abox<e,  the  gall-bladder  lies  against  the  liver;  and 
below,  it  rests  on  the  transverse  colon  in  front,  and  behind,  near  its  neck  on  the 
duodenum. 

In  Home  bodies  the  fundus  of  the  gall-Wadtler  does  not  reach  the  border  of  the  liver  or  the 
aMomiual  walL  In  othera  it  niay  lie  moved  conniUerably  to  the  riclit  of  the  Poupart  line — 
poaaihlyasareflult  of  distension  of  the  stomach  andcolon— orasarfsiiU  of  tight-lacing,  it  may  be 
moved  to  the  left,  and  may  then  lie  near  the  middle  line  and  far  below  the  ribs  (Fig.  748,  p.  1057). 

lU  total  aheence,  an  wtll  as  the  prtsence  of  two  distinct  gall-bloddrrs,  and  several  other 
irrtgularitits  in  form,  have  lieen  recontcd. 

Its  size  IB  usnatly  about  3  inchi*  (7.'i  mm.)  in  length,  aud  1  to  1^  inch  (25  to  31  mm.)  in 
diameter.     Its  capacity  varitfl  betwcH-n  1  and  1  j  fluid  omicoe. 

Structure  of  Gall-bladder.— Tho  wall  of  the  gall-bladder  is  compared  of  an  outer 
cojtt  of  peritoneum,  usually  incomplete ;  a  middle  coat  of  fibrous  tissue  with  uustriped 
muscle  intermixed  ;  and  an  inner  coat  of  mucous  membrauc,  which  is  covered  by  columnar 
epithelium,  and  is  raised  into  a  uumber  of  small  rid(ics,  which  confer  on  it  a  reticulated 
appvamncc.  The  mucous  membrane  is  always  deeply  stained  \vith  bile  when  the  gall- 
bladder is  opened  after  death. 

The  cyttic  art«T  which  BUpplie«  it  with  blood  arises  from  the  hepatic,  or  its  ricUt  division, 
and  divides  into  two  branches,  which  ran  on  the  lateral  suifaccs  of  the  organ.  The  vsins  join 
the  portal  trunk,  and  the  nerves  come  from  the  sympathetic  on  the  hepatic  artery. 

The  cystic  duct  (ductus  cysticus),  about  half  the  diameter  of  the  hepatic  duct 
(3  mm.),  but  usually  slightly  longer  (IJ  to  li  inch,  31  to  37  ram.),  begins  at  the 
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aeck  of  the  gall-bladder,  and  ruaaing  an  irregular  course  backwards  and  iawards, 
Joins  the  hepatic  duct  at  the  mouth  of  the  portal  Bssure,  to  form  the  commoa  bile- 
duct.  The  spiral  constriction  found  in  the  neck  of  the  gall-bladder  is  continued 
into  the  beginning  of  this  duct. 

Sometimes  the  cyatie  duct  joins  the  right  liepfttio  duct  inat*«d  of  the  hepatic  duct  proper. 

Common  BUe-duct  (ductus  choledochns).     This  begins  at  the  mouth  of  the  portal 

fissure,  where  it  is  formed  by  the  union  of  the  hepatic  and  cystic  ducts.     From 

this  it  paasea  downwards,  in  front  of  the  foramen  of 

j^  Winslow,  lying  between  the   two  layers  of  the  lesser 

omentum,  with  the  portal  vein  behind  and  the  hepatic 

artery  to   its  left.     It  next  descends  behind  the  first 

BUfl-dnct      part  of  the  duodenum  (Fig.   788),  and  then  between 

PBncrmtic     tl>^   pancreas  and  descending  duodenum:     Finally,  it 

^""^  meets    the    pancreatic    duct,   and    the    two,   running 

together,  pierce    the    inner    wall    of    the    descending 

duodenum  very  obliquely,  and  open  by  a  common  orifice 

on  the  bile  papilla   (papilla  duodenalis),  alxiut  SJ   or 

4  inches  (8'7  to  10  cm.)  beyond  the  pylorus  (see  p- 

1069). 

The   length   of   the  common   bile-duct  is  about  3 

i  inches  (75    mm.),  and  its  diameter,  which    is  very 

■  variable,  is  generally  about  i  inch  (6  tx>  7  mm.), 

Do^DENuu  OBLIQUELY.  StTucturc  of  Excrctory  Ducts.— With  the  exception 

A.D.S,  Acoesaory  psncreatic  duct  of  the  peritoneal  coat,  which  is  absent,  the  hepatic,  cystic, 

(ofSaatorini);  C Circular nius-  ai,(j   comiuon    bile-ducts   aereo    with    the    eall-bladdcr    in 

r,  ;![„i.^w^.  ^"^mI;         general  structure. 

coat.  The  bile  and  pancreatic  ducts,  in  piercing  the  wall  of  the 

duodemtm,  run  obliquely  through  its  coata  for  about  ^  or  j  of  an 
inch  (12  to  18  mm.),  and,  as  a  nile,  do  not  unite  until  iliey  hare  ainioet  readied  the  opcninc  «a 
the  bile  papilla  (Pig.  789).  This  orifice  is  very  mucli  smaller  than  either  duct,  and  the  nhort 
and  relatively  wide  common  cavity  which  precedes  it  is  sometimes  known  as  the  "ampnlU  of 
Vat^-r."    Occasionally  the  cystic  and  liqaiic  ducts  open  into  the  duodenum  sepaiately. 

Vessbi^  of  the  Livkr. 

The  liver  derives  its  blood-supply  from  two  sources,  namely — ^1)  the  poitel  Tain, 
which  conveys  to  it,  for  further  elaboration,  the  blood  from  the  digestive  aystom, 
laden  with  the  products  of  dif^cstion ;  and  (2)  the  hepatic  UtOT7i  which  supplies  it  with 
blood  for  the  nourishment  of  its  own  tissue.  All  the  blood  is  returood  from  the  liver  to 
the  inferior  vena  cava  by  the  hepatic  veins. 

The  portal  vein  and  the  hepatic  artery  pass  up  to  the  liver  between  the  two  layen 
of  the  lesser  omentum  and  in  front  of  the  foramen  of  Winslow.  Here  they  are  aocom- 
panied  by  the  hepatic  duct,  which  lies  to  the  rif;ht,  whilst  the  artery  is  placed  to  tbr 
left,  and  the  portal  vein  behind  both.  In  this  order  they  enter  the  portal  fissuni,  and 
there  becoming  re-arranf;ed,  so  that  the  vein  lies  behind  the  artery  in  the  middle  and 
the  duct  in  front,  each  breaks  up  into  two  chief  branchcs^ — a  right  and  a  left— and  several 
smaller  ones,  which  enter  the  liver  substance,  surrounded  by  a  prolongation  of  the  con- 
nective tissue  coat  of  the  liver,  known  as  Olisson'R  capsule.  Within  the  organ  the  thnx- 
vessels  run  and  divide  together,  so  that  every  branch  of  the  portal  vein  is  accompanied 
by  a  eorrespoiiding  (but  much  smaller)  branch  of  the  hepatic  artery  and  of  the  hepatic 
duct :  and  the  three,  surrounded  by  a  prolongation  of  Oliason's  capsule,  and  accompaninj 
by  branches  of  the  hepatic  uerves  and  lymphatics,  run  in  special  tunnels  of  the  liver 
substance,  which  are  known  as  port&l  canaU  (Fig.  TOl,  B). 

Finally,  the  [mrtal  vein  breaks  up  into  interlobolar  veins  (vcnie  interlobularee)  which 
lie  in  the  spaces  lietweeu  the  liver  lobules  (Fig.  792).  The  branches  of  these  enter  the 
lobules  on  all  sides,  and  unite  with  their  capillary  network,  which  converges  towarils 
the  centri!  of  the  lobule,  and  joins  the  intralobular  or  central  vein  (vena  centralis). 

The  hepatic  artery  similarly  divides  into  interlolmlar  branchM  (rami  arteni<M 
iiiterlobulares)  of  a  very  small  size,  which  accompany  the  interlobular  branches  of  the 
rein,  and  supply  the  tissue  and  the  ve.'fsela  between  the  lobules.  In  addition,  the  hep«tii- 
artery  gives  off  Taginal  hrancbeB  to  supply  the  walls  of  the  vessels  and  ducts,  and  thi- 
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connectiye  tissue  in  the  portal  canals ;  and  capsular  branches,  which  are  distributed  to 
the  fibrous  coat  of  the  liver. 

The  hepatic  veins  are  two  large  and  several  small  veins,  which  converge  from  the 
different  portions  of  the  liver  (Fig.  791,  A)  to  the  vena  cava.  Their  ultimate  radicles  are 
the  intralobular  or  central  veins,  which  run  down  through  the  centre  of  the  liver  lobules,  and 
passing  out  at  the  base,  join  the  snblobular  veins  (Fig.  790) :  these  by  their  union  finally 
form  the  hepatic  veins.  The  two  chief  hepatic  veins,  which  are  of  very  large  size,  open 
into  the  vena  cava,  as  it  leaves  the  liver,  and  immediately  before  it  pierces  the  diaphragm. 
The  smaller  branches  open  into  it  lower  down.  The  branches  of  the  portal  differ  from 
those  of  the  hepatic  vein  in  the  following  points: — (1)  The  branches  of  the  portal  vein 
converge  towards  the  portal  fissure  ;   those  of  the  hepatic  veins  towards  the  vena  cava. 

(2)  On  section  of  the  liver  the  portal  branches  are  always  seen  to  be  accompanied  by 
branches  of  the  hepatic  artery  and  duct,  whilst  those  of  the  hepatic  vein  run  alone ;  and 

(3)  owing  to  the  loose  wrapping  of  connective  tissue  (Glisson's  capsule)  which  surrounds 
the  branches  of  the  portal  vein,  their  walls  fall  away  from  the  liver  substance  when 
empty,  and  collapse,  whilst  the  hepatic  veins,  which  are  destitute  of  this  wrapping,  are 
closely  connected  to  the  liver  substance,  and  consequently  do  not  collapse  so  easily  as  the 
portal  vessels. 

'  The  Isrmphatics  ot  the  aver  are  arranged  in  a  superficial  and  a  deep  set : — 1.  The  superficial 
set  lies  beneath  the  peritoneum  on  both  (a)  the  visceral  and  (6)  the  parietal  surfaces  of  the  organ. 
(a)  The  vessels  from  the  visceral  surface  pass  chiefly  to  the  hepatic  glands,  which  lie  between  the 
layers  of  the  lesser  omentum ;  but  some  of  them,  from  the  back  part  of  this  surface  on  the  right 
lobe,  join  the  lumbar  glands,  and  others  from  the  back  part  of  the  left  lobe  go  to  the  coeliac  glands. 
(h)  The  vessels  from  the  parietal  surface  pass  in  various  directiona  Those  from  the  adjacent 
parte  of  the  right  and  left  lobes  pass  up  in  the  falciform  ligament,  and  pierce  the  diaphragm  to 
reach  the  anterior  mediastinal  glands,  and  end  finally  in  the  right  lymphatic  duct.  Those  from 
the  anterior  part  of  this  surface  pass  down  to  the  inferior  aspect,  and  join  the  hepatic  glands 
in  the  lesser  omentum.  The  lymphatics  from  the  back  of  the  right  lobe  pierce  the  diaphiagm 
lietween  the  layers  of  the  coronary  ligament,  and  join  some  glands  in  the  thorax  around  the  upper 
end  of  the  inferior  cava;  others  run  in  the  right  lateral  ligament,  and  either  pierce  the 
diaphragm  and  end  in  the  anterior  mediastinal  glands,  or,  turning  down,  ioin  the  coeliac  group. 

2.  The  deep  lymphatics  accompany  either  (a)  the  portal  or  (5)  the  nepatic  veina  (a)  The 
former  set  pass  out  through  the  portal  fissure  and  join  the  hepatic  glands,  the  efferent  vessels  of 
which  join  the  cosliac  glands,  (h)  Those  which  accompany  the  nepatic  veins  pierce  the  diaphragm 
with  the  vena  cava,  and  having  formed  connexions  with  the  group  of  glands  at  its  upper  end, 
\nthin  the  thorax^  turn  down  and  join  the  beginning  of  the  thoracic  duct 

The  nerves,  which  are  chiefly  of  the  non-medullated  variety,  are  derived  -from  the  left 
pneumogastric  and  the  solar  plexus  of  the  sympathetic  The  branches  of  the  former  pass  from 
the  front  of  the  stomach  up  between  the  layers  of  the  lesser  omentum  to  the  liver.  Those  of 
the  latter  pass  from  the  coeliac  plexus  along  the  hepatic  artery — forming  the  hepatic  plexus — to 
the  portal  fissure,  where  they  enter  the  liver  with  the  blood-vessels.  They  are  distributed  chiefly 
to  the  walls  of  the  vessels  and  of  the  bile-ducts. 

Structure  of  the  Liver. 

The  liver  is  invested  by  au  outer  serons  coat  (tunica  serosa),  already  described  in 
cotinexion  with  the  peritoneum.  Within  this  is  a  thin  areolar  coat  (capsula  fibrosa 
Glissonii)  of  delicate  fibrous  tissue,  which  is  most  evident  w^here  the  serous  coat  is  absent, 
lu  the  neighbourhood  of  the  portal  fissure  it  is  particularly  abundant,  and  here,  under 
the  name  of  Glisson's  capsule,  it  surrounds  the  vessels  entering  the  fissure,  and  accom- 
pauics  them  through  the  portal  canals  in  the  liver  substance.  This  coat  is  continuous 
with  the  fine  areolar  tissue  which  pervades  the  liver,  surrounding  its  lobules  and  holding 
them  together. 

The  liver  substance  proper  is  made  up  of  an  enormous  number  of  small  lobules,  yV^^ 
to  ^V^h  inch  (1  to  2  mm.)  in  diameter,  closely  packed,  and  held  together  by  a  small 
amount  of  connective  tissue.  In  man  the  lobules  are  not  completely  separated  from  one 
another  all  round  their  circumference,  but  coalesce  in  places ;  the  reverse  is  the  case  in 
certain  animals  such  as  the  camel  and  the  pig.  The  lobules  are  arranged  around  the 
branches  of  the  hepatic  veins,  to  form  the  compact  mass  of  the  liver,  in  the  following 
manner : — 

The  hepatic  veins  radiate  from  the  inferior  vena  cava,  at  the  back  of  the  liver,  to  all 
parts  of  the  organ,  dividing  and  re-dividing  until  the  vessels  are  reduced  to  branches  of  a 
very  small  size,  known  as  sublobolar  veins — the  whole  arrangement  may  be  aptly  com- 
pared so  far  to  the  branching  of  a  tree  (Fig.  791,  A).  On  all  sides  there  open  into  these 
snblobular  veins  numerous  closely-crowded  vessels — the  intralobular  or  central  veins 
75 


(wliicb,  following  our  simile,  may  be  compared  to  an  enormous  number  of  thorns  grow- 
ing out  on  all  aides  from  the  sublobubir  twigs  of  the  tree).     On  eacL  of  these   little 
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central  veins  there  is  impaled,  as  it  were,  a  lobule  (which  is  more  or  less  like  a  conioil 
bullet  in  shape^Purser).  These  little  conical  lobules,  with  their  intralobular  or  central 
veins  running  through  them,  are  so  numerous  and  so  closely  packed  together, 
that  they  give  rise  to  the  practically  solid 
liver  tisane. 

The  lobules  are  surrounded  by  tLi' 
iuterlobular  branches  of  the  portal  vein, 
from  which  numerous  twigs  enter  the 
lobule  on  all  sides,  and  converging,  join 
the  central  or  intralobular  vein  (Fig. 
792).  This  runs  down  through  thv 
centre  of  the  lohule  (Fig.  791,  A),  and 
opens  at  its  base  into  a  sublobular  vein. 
The  sublobular  veins,  uniting  and  grow- 
ing larger  by  constant  additions,  finallv 
form  the  hepatic  veins,  which  open  ijito 
the  vena  cava. 

Hepfttic  OellB.— In  the  interi-als  lie- 
twcen  the  branches  of  the  capillaries, 
running  from  the  interlobular  to  the 
intraloliular  veins  (Fig.  792),  are  placpil 
the  polygonal -shaped,  epithelial,  hepati'- 
cells.  Between  the  cells  run  the  Ul« 
cMUUicnli  (ductus biliferi)  which,  passinL* 
out  of  the  lobule  (Fig.  792),  join  the 
intarlobnl&r  bil«-diicti  (ductus  intor 
tobularea),  and  these  uniting.  finallT  eii<l 
y  LivKB.  in  the  hepatic  ducts. 

Development  of  the  I.tVEH. 


Flo.  791.- 


ArrniiK^iiivnt  of  lirer  lnliiil««  around  thi?  aiihloliular 
bruirhen  of  the  hcpktir  vtjii :  H.  Revtion  of  ■  porUl 
I'Aiisl,  sliowiiig  ilK   ciinlaineil   IthdcIivh  of  the    portal 

]>rolODRBtiOII  or  Gti<M>ll'>  l'B{Hll1e.  ^ 


liiict,  siirroiin.uii  by  ■  In  man,  the  liver  first  appears  a*  l«i' 

hollow  outgrowths  from  the  ventral  «nll 
of  the  foregut,  in  the  pfmition  of  the  future  duodenum.  These  outgrowths,  which  an 
formed  entirely  of  end.xienn  (hypoLlast).  pass  f<)rward8  and  upwards  into  a  maw  <'i 
mesoilennie  tissue — called  by  His  the  Mptnm  truUTeimun— which  lies  in  front  of  Uic 
foregnt  just  below  the  heart.     In  addition  to  constituting  the  meaodermic  lied  in  which 
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of  development  the  separation  of  the  two  becomes  more  marked,  and  finally  is  complete 
everywhere  except  at  the  coronary  and  lateral  ligaments  behind,  and  at  the  falciform 
ligament  in  front,  where  they  are  still  connected. 

As  the  liver  separates  off  from  the  future  diaphragm,  and  descends  into  the  abdomen, 
there  descends  with  it  the  ventral  mesentery — a  fold  which  connects  the  stomach  and 
duodenum  with  the  anterior  abdominal  wall.  This  is  divided  by  the  liver  into  two  parts 
— a  posterior,  stretching  from  the  front  (lesser  curvature)  of  the  stomach  to  the  liver, 
which  becomes  the  lesser  omentum;  and  an  anterior,  stretching  from  the  liver  to  the 
anterior  wall  of  the  abdomen,  which  forms  the  falciform  ligament. 

In  early  foetal  life  the  liver  is  relatively  of  enormous  size.  Up  to  the  fourth  or  fifth 
month  it  almost  completely  fills  the  abdominal  ca^dty,  leaving  but  a  small  space  below 
for  the  intestines.  Subsequently  its  relative  size  is  not  so  great ;  but  even  at  birth  it 
still  occupies  nearly  half  of  the  abdomen,  and  forms  about  yV*^  ^^  *'^®  body  weight,  whilst 
in  the  adult  it  is  reduced  to  :i^th.  At  first  the  right  and  left  lobes  are  nearly  equal  in 
size ;  subsequently,  the  right  grows  more  rapidly  than  the  left,  so  that  et  birth  it  is  about 
twice,  and  in  the  adult  four  times,  as  large  as  the  left.  In  the  foetus,  and  at  birth,  the 
caudate  and  Spigelian  lobes  are  relatively  larger  than  in  the  adult. 

The  changes  which  take  place  during  development  in  the  vessels  connected  with  the 
liver  are  described  on  p.  934. 

THE  PANCREAS. 

The  pancreas  is  an  elongated  glandular  mass  which  lies  transversely  on  the 
posterior  abdominal  wall,  with  its  right  end  resting  in  the  concavity  of  the 
duodenum  (Fig.  794),  and  its  left  end  touching  the  spleen.  It  secretes  a 
digestive  fluid — the  pancreatic  juice — which  is  conveyed  to  the  duodenum  by 
the  pancreatic  duct,  and  constitutes  one  of  the  chief  agents  in  proteid  digestion. 

The  absence  of  a  true  capsule,  and  the  resulting  distinct  lobulation  of  the  gland, 
give  the  pancreas  a  very  characteristic  appearance  (Fig.  794). 

Position. — The  greater  part  of  the  gland  lies  in  the  epigastrium,  but  the  tail 
and  adjacent  part  of  the  body  extend  into  the  left  hypochondrium. 

The  head  Ls  placed  opposite  the  second  and  upper  part  of  the  third  lumbar  vertebra,  whiUt 
the  body  runs  to  the  left,  about  the  level  of  the  first  lumbar  vertebra.  It  should  be  adde<l,  that 
very  often  the  lower  portion  of  the  head  projects  some  distance  below  the  subcostal  plane,  and 
thus  lies  in  the  umbilical  region. 

In  shape  the  pancreas,  when  hardened  in  situ,  is  very  irregular  (Fig.  794;, 
its  right  end  being  flattened  and  hook-like,  whilst  the  rest  of  the  organ  is  pris- 
matic and  three-sided.  It  may,  perhaps,  in  general  form  be  best  compared  to 
the  letter  J  placed  thus  c",  particularly  if  the  stem  and  hook  of  the  letter  W 
thickened. 

The  gland  is  divisible  into  a  head,  a  neck,  and  a  body.  The  head  corresponds 
to  the  hook  of  the  c",  and  runs  downwards  and  to  the  left  along  the  second 
and  third  portions  of  the  duodenum.  The  stem  of  the  c"  represents  the  body  of 
the  gland,  and  the  narrow  part  connecting  the  two  is  the  neck  (Symington). 

When  removed  from  the  body  without  previous  hardening,  the  pancreas  lose.** 
its  true  form,  and  becomes  drawn  out  into  a  slender,  elongated,  tongue-shajH?d 
mass,  with  a  wider  end  turned  towards  the  duodenum,  and  a  narrow  end  corre- 
sponding to  the  tail. 

Its  total  l^th,  when  fixed  in  situ,  is  about  6  or  6  inches  (12*6  to  16  cm.) ;  aft<?r  removal,  if 
uot  previously  hardened,  it  is  easily  extended  to  a  length  of  8  inches  (20  chl). 
Its  loeight  is  usually  about  3  ounces  (87  grammes). 

Relations. — The  general  position  and  relations  of  the  pancreas  may  be  brietly 
expressed  as  follows : — The  head  (Fig.  794)  lies  in  the  concavity  of  tlie  duodenum, 
with  the  vena  cava  and  aorta  behind  it;  the  body  crosses  the  left  kidney  and 
suprarenal  capsule;  and  the  tail  touches  the  lower  part  of  the  spleen.  The 
greater  part  of  the  organ  lies  behind  the  stomach,  which  must  be  detached 
from  the  great  omentum,  and  turned  upwards,  in  order  to  expose  it. 

In  describing  the  detailed  relations,  each  part  of  the  organ  will  require  t4> 
be  considered  separately. 
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Fro.  796.— The  PiNCKE*s  and  Duodeni-m  kbom  BEHma  wiih  the  5'^'f''-  . '  ^^)     'J*'"'- 

liaiicrealic  duct  MpoaeJ.  'ito  the  duodcili 

The  Huperior  niewnteric  vessels  ure  also  showH  in  eecUou,  passing  forwsrd,  *            "j    ••'C'l    HI 

suiTOuniled  by  the  recurved  portion  of  the  head  of  the  pancreas.  SOraewhat        111       f 

{i.e.  ventral  to) 
creatic  dnct.  From  the  duodenum  it  runs  to  the  left  and  downwards,  aud  »oot 
into  two  or  more  branches,  one  of  wliioh  joins  the  pancreatic  duct,  the  others  pn 
and  receive  the  ducte  from  the  lower  part  of  the  bead.  It  is  genemlly  suppoHod  . 
current  flows  from  this  into  the  main  duct,  and  not  into  the  duodenum,  as  a  riilr 
in  early  life. 

Physical  Oharactera  and  Stmctnre  of  the  Pancreas. — The  pancreas 
reddish  cream  colour,  soft   to  the  touch,  and  distinctly  lobulated.     The 
are  but  loosely  held  together  by  their  small  ducts  and  by  loose  areolar 
for,  as  already  pointed   out,  the   pancreas   is   devoid  of  a  regular  capsu/i 
possesses  instead  merely  an  adventitious  coat  of  fine  connective  tissue. 

The  gland  belongs  to  the  class  of  acino-tubular  glands,  its  alveoli  or  acini 
elongated  like  those  of  Srunner's  glands ;  otherwise  it  corresponds  very  qW 
a  serous  salivary  gland,  the  general  structure  of  which  will  be  found  on  p.  10 

Variations.— The  chief  variations  found  are;— (1)  A  separation  of  the  part  of  the 
known  as  the  uncinate  process,  which  then  forms  a  laser  pancrttu,  (2)  A  growth  of  I  he  jia 
around  the  chiodenum,  which  it  mav  practically  encircle  for  a  short  part  of  its  counw.  A 
an  opening  of  its  dnct  into  the  duodenum,  independently  of  the  bile  duct.  An  accfftorg  ("i 
{pancreas  sccessoriuin)  is  also  sometimes  found  in  the  wall  of  the  Btotnach  or  of  tlif  ;<'.;< 
Diverticula  of  the  duodenum,  already  described  (p.  1070),  ought  perhaps  to  be  meniinti 


Vessala— The  arteries  of  the  pancreas  are  :~(1)  The  raperior  paacraatico-dnodHial.a  '" 
of  the  gastro-duodenal  artery,  which  runs  down  on  the  front  of  the  head  (Fig.  794),  ki 
branches  outwards  to  the  duodenum,  as  well  as  numeruus  twigs  into  the  anuslsnri'  ••! 
pancreas.  (9)  The  inferior  pancreatico-dnodenal,  a  branch  of  the  upper  part  of  the  ^llI> 
mesenteric  artery ;  it  runs  upwards  and  to  the  right  acroes  the  oack  of  the  liewl. 
«en<la  branches  to  it  and  to  the  duodenum,  one  of  which  runs  between  the  head  ami 
duodenum.  These  two  pancreatico-ciuodenal  arteries  anastomose  aionnd  the  inferior  bonliT"! 
heail.  (3)  The  infmor  pancrMtic  branch  of  the  superior  mesenteric  (or  sometimes  of  the  k*^- 
duodenal)  artery,  a  considerable  branch,  which  arises  along  with,  or  near,  the  la«l,aiKl  nin,- '" 
left  along  the  lower  border  of  the  pancreas,  often  even  as  far  as  its  tail  (4)  PuuTNtic  brwn: 
of  the  i^enic  artery,  are  several  (3  to  5)  fair-sized  branches  which  come  off  from  ibe  -ili 
as  it  nms  behind  the  upper  border  of  the  gland;  Ihev  enter  the  panc-reas  i mined ial'ly." 
traverse  its  sulistance  from  alwve  downwanlB,  some  sending  hranclits  in  both  Jirwli'iuj^  ■''■ 
the  course  of  the  pancreatic  duct.  (S)  Small  pancrMtic  bntnchn  alwi  arii-e  from  ihi-  lwp« 
artery  whiUt  it  re«t«  on  the  upi)er  part  of  the  gland,  and  enter  it  immedistelv.  Tn'  f 
crMtica  magna,  which  is  descrilied  as  accompanying  the  duct  from  left  to  rigbt,  doe*  oax  tr- 
io exist  in  the  majority  of  cases.  . 

The  TSina  are  ;  (1)  An  anleriur  pancTealkci-duodenal  (Fig.  T94),  which  psssra  duwiiwiirl- ■" 
to  the  I>-ft,  on  the  front  of  the  head,  and  joins  the  superior  miaentenc  ;  (2)»^'n"rf'"'"'"' '^ 
duodemil,  which  cnisw-s  the  back  of  the  heail,  aud  ojieiis  into  the  jiortal  vein  ;  (3)  "-'fwi  •'"^■' 


THE    URINOGENITAL    SYST 

By  a.  Francis  Dixon. 
THE  URINARY  ORGANS. 

The  kidneys,  or  glands  which  secrete  the  uriae,  are  a  pair  of  aIuior<t 
allj-placed  organs,  situated  Iti  the  posterior  part  of  the  abdomina! 
on  each  sitic  of  the  lawer  movable  portion  of  the  vertebral  coluoiii 
secreted  by  the  kidneys  is  received  into  the  upper  expanded  portions 
long  tubes,  the  ureters,  by  th<:m  is  conducted  to  the  bladder,  whic 
within  the  pelvic  cavity.  From  the  bladder  the  urine  is  passed,  ilur 
tioD,  along  the  iiretlir&  to  the  exterior.  In  the  male  the  urethra  ia 
long  passage,  and  traverses  the  prostate  gland  and  the  whole  length  of  i 
the  female  it  is  a  short  tube,  and  opens  on  the  surface  just  above 
orifice. 

THE  KIDNEYS. 

The  Udner,  when  removed  from  a  fresh  subject,  presents  a  bean-»:)ii 
It  is  of  a  dark  brown-red  colour,  and  is  surrounded  by  a  thin  glisU' 
(tunica  fibrosa),  whi*h  gives  to  the  whole  organ  a  uniformly  smo 
The  kidney  is  not  a  solid  body,  but  contains  a  cavity  called  tin- 
the  opening  into  which,  termed  the  hilnm  (hilum  renalis),  is  situatt'il 
and  anterior  part  of  the  organ.  Each  kidney  measures  about  i} 
length,  2  inches  in  width,  and  about  1^  inch  in  thickness,  and  i 
that  its  long  axis  is  nearly  vertical.  The  weight  of  the  adiil 
about  4^  ouuces.  In  the  freshly-removal  kidney  the  upper  ami 
are  smoothly  rounded,  and  the  upper  end  (extremitas  superior)  is  ur;i 
more  bulky  than  the  lower  (extremitas  inferior).  The  outer  bn 
lateralis),  which  is  opposite  to  the  hilum,  is  rounded  and  convex,  wlr 
border  (margo  medialis),  on  which  the  hilum  is  placed,  is  concave  from : 
wards.  These  two  borders  separate  the  anterior  gvr/ace  (facies  anteri 
posterior  surface  (facies  posterior)  of  the  kidney. 

The  capsule,  which  envelops  the  whole  organ,  divides  in  the  n- 
hilum  into  two  layers,  one  of  which  is  continued  over  the  Iii>f  "f 
into  the  interior  of  the  kidney,  and  lines  the  walls  of  the  ki 
The  other  layer  is  prolonged  to  form  a  tubular  sheath  for  the  vi'wwls 
of  the  kidney  before  they  pas,s  throtigh  the  hilum  to  enter  the  i*! 
which  they  break  up  into  branches.  These  branches,  pierciug  the 
sinus,  enter  the  sulmtance  of  the  kidney.  The  upper  expanded  ("ir 
ureter  leaves  the  sinns  through  the  hiluin  in  company  with  the  Wood 

Position  of  the  Eidneys. — The  precise  level  of  the  kidney  in  ll" 
cavity  is  subject  to  a  consideralile  amount  of  variation,  and  also  it  is  ii' 
a  difference  in  tin;  levels  of  thi;  right  an«i  left  kidneys  of  the  same  iutlivn 
frequently  the  left  kidney  is  on  a  higher  level  than  the  right,  hut  in 
the  kidneys  occupy  the  same  level,  or,  the  moi-e  usual  condition  l-oing  r 
right  kidney  is  a  little  higher  tlian  the  left. 
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higher  level  than  usual,  the  kidney  occupying  ita  normal  position  in 
the  vertebral  column.  It  is  important  to  remember  that  uormally 
moves  upwards  and  downwards  during  life,  following  the  respiratory 
of  the  part  of  the  diaphragm  against  which  it  rests. 

The  kidneys  are  placed  behind  the  peritoneum,  and  project  into  tl 
part  of  the  abdominal  cavity.  Each  is  surrounded  by  a  considerable 
loose  tissue,  often  loaded  with  fat,  the  fatty  tissue  (capsula  adiposa)  If 
in  greater  quantity  round  the  margins  of  the  organ,  and  only  to  a  les; 
front  of  and  behind  the  kidney.  In  this  fat  the  renal  vessels  and  nervi 
they  enter  the  oi^n,  and  the  adipose  tissue  is  continued,  along  witli 


(JiudntiLH  lurabnmi 


Pre.  798.— Thanh V BBS K  Section  through  thb  Abdouen  at  thk  level  ok  the  Second  Lrxt 
Tfae  plane  of  the  iwclion  JH  wmewhit  oblique,  beiug  lower  behind  tbsn  in  front.  Tin 
are  numbered  S-11.  On  tbe  rigliC  Hide  the  poalerior  layer  nf  tbe  reoid  fnscia  is  iudicu 
upeoimen  in  the  Anatoniicsl  Department,  University  College,  Cardiff.) 

through  the  bilum  into  the  kidney  sinus,  where  it  fills  up  all  the  sjiacf 
by  the  vessels  and  nerves. 

The  long  axis  of  each  kidney  is  somewhat  oblique,  as  tbe  upper  end  o 
approaches  nearer  to  the  middle  line  than  the  lower.  The  surface  of  I 
which  is  applied  agaiust  the  muscl^  fonning  the  posterior  wall  of  th< 
looks,  as  a  whole,  backwards  and  inwards,  and  that  which  projeeti 
abdominal  cavity  forwards  and  outwards.  Hence  it  happens  that  the  m 
of  the  kidney  lies  on  a  posterior  plane  to  the  inner  bonier.  The  kidney 
in  this  manner  on  its  long  axis  to  such  a  degree  that  the  inner  margin 
are  scarcely  visible  from  behind,  and  but  a  limited  view  of  the  outer  I 
be  obtained  in  front  (Figs.  800  and  803). 

Embedded  iu  the  soft  fatty  tissue  surrounding  the  kidney  is  a  layer 
tissue  to  which  the  term  fiucia  renalis  is  applied.  This  fascia  surr 
kidney  and  a  considerable  amount  of  its  fatty  capsule  in  tbe  form 
sheatli,  in  which  may  be  distinguislied  anterior  and  posterior  walla  1 
is  open  below  and  internally,  but  closed  above  and  to  the  outer  side  of  I 
by  the  apposition  of  its  walla.  Externally  the  anterior  and  postcrio 
the  sheath  come  into  contact  and  are  connected  with  the  retro-peritom 
internally  the  layers  forming  these  walls  remain  distinct  and  the  an^- 
continued  across  the  middle  line,  in  front  of  the  renal  vessels  and  thi 
join  the  corresponding  layer  of  the  opposite  aide,  while  the  posterior 


elevations  separating  these  areas  correspond  to  the  angles  along  which  tl 
muscular  planes  meet.  These  ridges  can  be  observed  in  the  hardened  k 
its  removal  from  the  body,  but  usually  they  are  not  very  sharply  t 
angles  between  the  muscular  planes  being  very  obtuse. 

A  kidney  removed  from  the  body  after  having  been  hardened  in  dtu 
presents  an  area  near  the  inner  {>art  of  its  posterior  surface  adapted  to  t 
aspect  of  the  psoas  muscle.  This  part  of  the  posterior  surface  looks  in 
slightly  backwards.  Farther  out  there  is  a  lai^r  area  which  rests  ii 
quadratuB  lumborum  and  looks  more  directly  backwards.  These  tw< 
separated  by  a  rounded  ridge  which  iits  into  the  angle  between  the  mi 


Kli^.  HOO.— Tub  Kjdnevh  viewed  from  Behind.      Sniiie  ipMirnsn  w  Fig.  803.      The  dotteil  li 
tliu  ftntu  ill  iionlact  with  the  vu-ioua  iiiiiuleB  forming  the  |K»terior  ■bdomlnal  urnll. 
(I.   Deiiression  com;s|ioiicling  to  the  transverM  process  of  the  fiint  lunib»r  vertebm. 
h.  Degniuisioii  correHpoiiiling  to  the  tmi*vrr»e  pmcvu  of  the  seconil  lambar  veTt«1>n, 
c.   Dvptv'fioB  corresponding  to  the  twelfth  rib. 

tioned.     Beyond  the  area  in  contact  with  the  quadratus  lumborum  i« 
outer  border  of  the  kidney. 

Towards  the  upper  end  of  the  kidney  the  posterior  snrftice  slojtes  f"r 
rests  upon  the  diaphragm.  Indeed  the  upper  part  of  the  kidney  is,  ;i 
bent  slightly  forwards,  following  that  part  of  the  arch  of  the  diaphrafjm  " 
rests,  and  thus  a  narrow  interval  is  left,  in  which  the  pleural  cavity  pas-ses  il" 
the  upiwr  end  of  the  kidney  (Fig,  799).  This  relationship  of  the  pleuml 
the  kidney  is  of  importance  in  connexion  with  surgical  oijeratinns  on 
performed  through  a  lumbar  incision.  The  jxjrtions  of  the  diaiihra^-m 
the  kidney  is  applied  are  the  crus  and  the  parts  arising  from  tlie  h^ 
arcuate  ligaiuenttt. 

In  nddilion  to  those  surfawp,  nr  facets,  for  the  miwt'W  with  which  il  i"  in 
pneterior  aspect  or  ciuUsr  liordcr  of  the  kidney  often  shoWB  a  groove  for  the  last  rili, 
the  pxtenial  arcuate  ligament,  and  twc  or  tbn'e UKpreasions  for  the  tips  of  the  iranvi''! 
of  the,  upjicr  two  or  three  himbar  rertj-bree.  In  some  ia««  alno  faint  narrow  gri"iii 
Been  for  tlie  nervi's  wliich  pass  ilowiiwanla  and  outwards  bclivecn  the  kniflfy  iiH'' 
liimhoriim — naraelv,  the  laat  rlnrsal  nerve  and  the  ilio-hypofpwtric  and  ilio-inguin.il  i 

It  la  prolialile  that  some  at  least  of  the  deprenBions  on  the  posterior  aspect  of  thf 
produoM  after  ileath,  and  are  caused  by  the  weight  of  the  oilier  abiloiniual  organ'  i 


structures  are  related  to  the  duct  of  the  right  or  left  aide  alone;  on  the liiht iid« 
the  descending,  or  second,  part  of  the  duodenum  lies  in  front  of  the  upperpartof  the 
ureter,  and  the  line  of  attachment  of  the  mesentery  crosses  it  lower  down,  just  before 
the  vessel  enters  the  pelvic  cavity.  On  the  loft  aide  of  the  body  the  line  of  attach- 
ment of  the  mesentery  of  the  pelvic  colon  crosses  the  ureter. 

Crossing  the  common  iliac,  or  the  external  iliac  artery,  the  ureter  enters  the 
pelvis.  The  left  ureter  more  usually  crosses  the  common  iliac  artery,  the  r^ta 
vessel  in  most  cases  lies  across  the  external  iliac,  but  this  arrangement  is  by  no 
means  constant. 

The  pelvic  portion  of  the  ureter  (pars  pelvina)  is  about  four  or  four  and  a.  half 
inches  in  length,  and  passes  downwards  on  the  side  wall  of  the  pelvis,  immediately 
beneath  the  peritoneum,  describing  a  curve  which  is  convex  backwards  and  outirards 
(Fig.  808).      The  most  convex  portion  of  this  curve  lies  close  to  the  deepest 


Fill.  808.— ME»IAI.  SiM-TION   OF   AS   ADfLT    HAL"   PlLVIS. 
Tbe  coils  of  the  aamll  iDteatiae  nhich  lay  wilhia  the  pelvis  hare  been  lifted  out  In  order  to  give  a  vi--n  • 
std«  wall  or  tlie  pelvic  cavity.    The  peritoneum  U  coloured  blue.     The  sepantion   of  the  blsililn 
the  prostate  lb  indicated  soinenhat  diagram niatically. 

part  of  the  great  sciatic  notch  (Figs.  831  and  854).  In  its  course  \7ithiu 
pelvis  tlie  ureter  lies  in  front  of  the  internal  iliac  artery,  and  crosseB  the  inneT  n. 
of  the  oliturator  nerve  and  vessels  and  of  the  obliterated  hypc^astrio  arterv.  J 
the  level  of  the  ischial  spine  the  ureter  bends  somewhat  inwards  above  l\ve  ?as 
the  pelvic  floor,  to  reach  the  bladder,  and  in  this  position  it  is  crossed  on  its 
side  by  the  vas  deferens.  A  little  further  on  in  its  course  the  ureter  come 
relationship  with  the  upper  end  of  the  vesicula  seminalis,  in  front  of  which 
as  it  pierces  the  bladder  wall.  The  ureter,  as  it  passes  inwards  to  the  blad 
placed  on  an  anterior  and  deeper  plane  than  the  vas  deferens,  and  is  surrouD< 
a  dense  plexus  of  veins,  connecting  the  vesical  and  prostatic  plexuses  vri 
internal  iliac  vein.  When  the  right  and  left  ureters  reach  the  blaxlder  tlif  ^ 
little  more  than  two  inches  apart  and  they  pierce  the  bladder  wnll  very  oltl 


are  both  covered  by  peritoneum  where  they  are  in  contact,  but  the  duodenum  is 
bouDd  dowD  to  the  kidney  by  the  peritoneum.  In  addition  to  the  structures 
mentioned,  some  portion  of  the  ileum,  or  of  the  jejunum,  is  often  found  in  contact 
with  a  small  part  of  the  right  kidney. 

Iq  some  cases  the  peritoneal  cavity  does  not  pass  upwards  in  front  of  the  upjier 
end  of  the  right  kidney,  and  thus  the  anterior  aspect  of  this  part  of  the  organ  i», 
like  the  suprarenal  body,  bound  by  connective  tissue  to  the  uncovered  area  of  the 
liver. 

In  front  of  the  extreme  upper  and  inner  part  of  the  left  kidney  is  the  inferior 
portion  of  the  left  suprarenal  capsule;  at  a  lower  level  the  upper  part  of  the 
left  kidney  is  in  contact  with  tlie  stomach  and  pancreas.  The  suprarenal  capsule 
and  the  pancreas  are  bound  down  to  the  kidney  by  connective  tissue,  but  the 
stomach  is  separated  from  the  part  of  the  kidney  with  which  it  is  in  apposition,  hr 
the  lesser  sac  of  the  peritoneum.  The  part  of  the  kidney  in  actual  contact  witii 
the  stomach  is  usually  a  small,  somewhat  triangular,  area  situated  above  the  level 
at  which  the  pancreas  crosses  the  organ.  The  renal  surface  of  the  spleen  is 
related  to  the  anterior  surface  of  the  left  kidney  in  its  upper  and  out«r  part,  tlie 
two  organs  being  separated  by  a  portion  of  the  general  peritoneal  cavity,  eicejit 
along  the  area  where  spleen  and  kidney  are  connected  by  the  lieno-renal  ligament. 
The  anterior  surface  of  the  lower  end  of  the  left  kidney  is  related,  towards  the 
inner  side,  to  a  part  of  the  jejunum,  and  towards  the  outer  side  to  a  part  of  the 
splenic  flexure  of  the  colon. 


iUi.  viewed  from  the  Troot  Tbe  dnwiiig  wu  mide.  htt<n 
ia  ID  which  tlifl  viscera  b«il  Wn  hir.len»d  in  nlu.  Thf  doin-i 
in  conUct  with  the  VBrioai  othtr  abUomiul  <i«crn. 

The  right  and  left  colic  arteries,  or  their  branches,  as  they  pass  outwards  to  reach  tin' 
colon,  are  oft«ii  related  to  the  anterior  aspects  of  the  correspondinft  kidneys.  The  splenu' 
vessels  pass  outwards  in  front  of  the  inner  part  of  the  left  kidney  (Fig.  797)- 

The  antt'rior  surface  of  a  kidney,  which  has  been  hardened  in  situ,  is,  like  tin' 
posterior  surface,  not  uniformly  rounded,  but  marked  by  a  series  of  impressions 
corresponding  to  the  different  structures  which  lie  in  contact  with  it.  In  the  ci.'c 
of  each  kidney,  the  most  prominent  region  on  the  anterior  surface  lies  below  tbe 


Kidney  in  Section. ^Sections  (Fig.  804)  through  the  kidney  show  it  to  be, 
for  the  most  part,  composed  of  a  number  of  pyramidal  maeses  arranged  with  their 
bases  towards  the  surface,  while  their  apices  project  into  the  siuus  of  the  kidney 
and  form  the  renal  papillte  already  mentioned.  These  are  termed  the  mednllur 
pTramids  (pyramidea  renales),  and  together  constitute  the  m«dnlla (substantia  medtil- 
laris)  of  the  kidney.  They  are  more  numerous  than  the  papillas,  two  or  three  usually 
ending  in  each  papilla  in  the  middle  part  of  the  kidney,  and  sometimes  as  many  aa 
six  or  even  more  in  each  papilla  near  the  upper  and  lower  ends  of  the  organ.  The 
bases  of  the  pyramids  do  not  reach  the  surface  of  the  kidney,  but  are  separated 
from  it  by  a  thin  layer  of  kidney  substance  called  the  cortex,  or  cortical  part  of 
the  kidney  (substantia  corticalis).  The  cortical  substance  not  only  covers  over  the 
bases  of  the  pyramids,  hut  also  sends  in  prolongations,  called  colomns  of  Bertin 
(columns  renales),  between  the  pyramids,  towards  the  sinus.  The  medullary  jart 
of  the  kidney  exhibits  in  section  a  striated  appearance,  while  the  cortical  part  is 
more  granular  and  usually  different  in  colour.  The  outer  part  of  each  pyramid,  or 
the  intermediate  zone  (basis  pyramidis),  as  it  is  tenned,  appears  in  section  to  be 
composed  of  alternate  dark  and  light  streaks,  while  the  inner,  or  papUlur  p»rt, 
which  is  of  a  lighter  colour,  is  more  uniformly  and  faintly  striated. 

In  sections  of  the  kidney  the  larger  blood-vessels  are  seen,  after  they  have 
entered  the  kidney  substance,  to  lie  between  the  pyramids ;  some  of  their  main 
branches  are  also  visible  passing  across  the  bases  of  the  pyramids. 

Id  the  foetus  and  j'outig  child,  and  sometimes,  though  much  leas  distiuctly,  in  the  adult, 
the  surface  of  the  kiduey  is  marked  by  a  number  uf  grooves  dividing  it  into  polygonal 

areas.    Tlicae  represent  the  lobes 
MtrfniLrv  n.v5  ^^^^^^  renales)  or  •■HBDculi,"  of 

which  the  kidney  is  originally 
composed,  and  each  corresponds 
^  to  otie  papilla  nith  its  pyrauids 
and  Hurrouiidiug  cortical  sub- 
stanc:e. 

An  examination,  with  an 
ordinary  pocket  lens,  of  a 
section  through  the  kidney 
shows  that  the  lighter  striie 
of  the  intermediate  zone  ai¥ 
continued  into  the  cortex. 
As  theypass  through  thecortes 
towards  the  surface  of  the 
kidney  they  become  less  dis- 
tinct, and  appear,  when  cut 
Fw.  805.-SBCTIOS  TanouoH  a  Pobtion  of  thk  kidnet.  longitudinally.as  separate  ray- 

like  prolongations  carried  out- 
ward from  the  bases  of  the 
pyramids.  These  parte  of  tht- 
cortex,  which  seem  in  this  way  to  be  continuations  of  the  medulla,  are  called  medollary 
rays  (pars  radiata).  and  the  portions  of  kidney  cortex  which  intervene  between  them 
form  the  labyrinth  (pars  convoluta.  Fig.  806).  The  appearance  presented  by  the 
cortex  of  the  kidney  in  section  varies  much  according  to  the  plane  in  which  the 
section  has  been  taken.  If  the  section  passes  through,  and  lies  parallel  to  the 
axis  of  a  pyramid,  the  medullary  rays,  met  with,  will  appear  as  isolated  streaks 
directed  from  the  base  of  the  pyramid  towards  the  surface  of  the  kidney  and  separated 
from  one  another  by  narrow  strips  or  intervals  of  laiiyriuth.  On  the  other  hand,  in 
sections  made  at  right  angles  to  the  axis  of  a  pyramid,  or  cutting  this  axis  obliquely, 
the  labyrinth  portion  of  tlie  cortex  presents  the  appearance  of  a  continuous  net  the 
meshes  of  which  are  occupied  liy  the  medullary  rays,  and  these  latter  now  exhibit 
a  circular  or  oval  outline  (Fig.  S05).     In  a  similar  manner  sections  through  the 


the  desceiidiDg,  or  Becond,  part  of  the  duodenum  lies  iu  front  of  the  upperpartof  the 
ureter,  and  the  line  of  attachment  of  the  mesetitery  crosBeait  lower  down,  just  before 
the  vessel  enters  the  pelvic  cavity.  On  the  loft  side  of  the  body  the  line  of  attach- 
ment of  the  mesentery  of  the  pelvic  colon  crosses  the  ureter. 

Crossing  the  common  iliac,  or  the  external  iliac  artery,  the  ureter  enters  the 
pelvis.  The  left  ureter  more  usually  crosses  the  common  iliac  artery,  the  right 
vessel  in  most  cases  lies  across  the  external  iliac,  but  this  arrangement  is  by  no 
means  constant. 

The  pelvic  portion  of  the  ureter  (pars  pelvina)  is  about  four  or  four  and  a  half 
inches  in  length,  and  passea  downwards  on  the  side  wall  of  the  pelvis,  immediately 
beneath  the  peritoneum,  describing  a  curve  which  is  convex  backwards  and  outwards 
(Fig.  808).      The  most  convex  portion  of  this  curve   lies  close  to  the  deepest 


The  coiln  of  th«  small  iiitestipe  which  Uy  within  the  pelvis  hire  beiin  lifted  out  in  onlpr  U>  give  ■  vivw  or  tht 
Biiie  wnll  or  the  pelvic  cavity.  Th«  peritoneum  is  coloured  blue.  The  sepantioD  of  the  bkil>1rr  IWn 
the  prostate  is  indicated  somewhat  diagram matically. 

part  of  the  great  sciatic  notcli  (Figs.  831  and  854).  In  its  course  within  the 
pelvis  the  ureter  lies  in  front  of  the  internal  iliacartery,  and  crosses  the  innei  aspect 
of  the  obturator  ncr\'e  and  vessels  and  oi'  the  obliterated  hypogastric  arterj-.  About 
the  level  of  the  ischial  spine  the  ureter  bends  somewhat  inwards  above  the  fascia  of 
the  pelvic  floor,  to  reach  the  bladder,  and  in  this  position  it  is  crossed  on  ita  inner 
side  by  the  vas  deferena  A  little  further  on  in  its  course  the  ureter  comes  into 
relationship  with  the  upper  end  of  the  vesicula  seminalis,  in  front  of  which  it  lif' 
as  it  pierots  the  liladder  wall.  The  ureter,  as  it  passes  inwards  to  the  bladder,  e 
placed  on  an  anterior  and  deeper  plane  than  the  vas  deferens,  and  is  surrounded  by 
a  dense  plexus  of  ^ein3,  connecting  the  vesical  and  prostatic  plexuses  with  the 
int(!mal  iliac  vein.  When  the  right  and  left  ureters  reach  the  bladder  tbey  wo  a 
little  more  than  two  inches  apart  and  they  pierce  the  bladder  wall  very  obliquely, 
lying  embedded  within  its  muscular  tissue  for  nearly  three  quarters  of  so 
inch  of  their  length.     Finally,  they  open  into  the  bladder  by  two  small  sbt-like 


1  he  mucous  membrane  ot  the  calyces  and  oi  the  pelvis  ol  the  kidDej  possesses  an 
epithelium  resembling  that  of  the  ureter.  Where  each  renal  papilla  projects  bto 
one  of  the  calyces  a  deep  circular  recess,  or  fornix,  is  formed  between  the  wall  of 
the  calyx  and  the  sloping  side  of  the  papilla;  at  the  bottom  of  this  recess  the 
epithelium  of  the  calyx  becomes  continuous  with  that  covering  tlie  papilla.  Ai 
the  formina  papillaria  the  epithelium  joins  that  of  the  kidney  tubules.  The 
muscular  fibres  in  the  wall  of  the  calyces  and  of  the  pelvis  are  collected  into  loosely 
arranged  bundles  separated  by  wide  intervals  occupied  by  fibrous  connective  tissue. 
As  in  the  ureter,  the  outermost  and  innermost  fibres  run  in  a  longitudinal,  the 
intermediate  ones  in  a  circular  direction.  The  circularly  arranged  fibres  alune 
form  a  distinct  layer. 

The  abdominal  part  of  the  ureter  receives  its  blood  supply  from  the  renal  and 
spermatic  arteries ;  the  pelvic  portion  is  supplied  by  the  superior  vesical  aud 
middle  hsemorrhoidal  vessels 

The  nerves  of  the  ureter  reach  it  through  the  renal,  the  spermatic,  and  tlio 
hypc^astric  plexuses. 

Variations. — Tlie  uroltr  is  titiiuctimea  repreeeuleil  by  two  tuljcs  in  il8  upper  portion.  In  Tiiii-r 
cases  it  is  double  tliroupboiU  tlio  greater  part  of  its  extent,  or  even  ita  whole  length  from  iii>- 
pelvis  of  the  kidney  to  the  bladder.  In  such  caaes  there  may  be  two  openings  into  the  hlithier. 
Asymmetry  as  regards  auch  abnonualitiefl  ia  very  common. 

Variations  in  the  form  of  the  pelvin  of  the  kidney  are  of  frequent  occurrence.  Mi«l  iisit.iilv 
the  pelvis  divide*  into  two  large  subdivisions,  one  of  which  pasnea  in  llie  direction  of  tlni  upjH-r, 
the  other  in  thiit  of  the  lower  pole  of  tlie  kidney.  In  some  cocea  these  branches  come  ofTdireoily 
from  the  nreter  without  the  intervention  of  a  pelvis,  or  a  subdivision  may  lead  lo  the  forniali'iii 
of  two  pelves. 

THE  BLADDER. 

The  bladder  (vesica  urinaria)  is  a  hollow  muscular  organ  situated  in  the  ant«rior 
part  of  the  pelvic  cavity,  behind  the  symphysis  pubis.  It  lies  in  front  of  tlu' 
rectum,  from  which  it  is  separated  in  the  male  by  the  seminal  vesicles  and  the 
terminal  portions  of  the  vasa  deferentia,  and  in  the  female  by  the  Tt^na  anJ 
uterus.  The  bladder  wall  is  chiefly  cotnposed  of  muscular  tissue,  and  its  thickne-^ 
and  the  size  of  tlie  contained  cavity  depends  on  the  amount  of  fluid  within  the 
oi^an.  The  right  and  left  ureters  which  convey  the  fluid  secreted  by  the  kidnevs 
open  into  the  lower  and  under  part  of  the  bladder  about  half  an  inch  from  ihi' 
mesial  plane ;  also  the  urethra,  or  canal  by  which  the  urine  reaches  the  surface. 
opens  into  the  bladder,  its  aperture  lying  in  the  middle  line  of  the  under  part  ff 
the  bladder  wall,  not  far  from  the  openings  of  the  ureters,  but  on  a  loner  and 
anterioi*  plane.  The  size  and  shape  of  the  bladder,  and  also  to  a  gn^at  extent  \^ 
relations,  vary  with  the  amount  of  distension,  or  contraction,  of  the  organ.  Wlien 
the  bladder  is  empty,  or  only  slightly  distended,  it  lies  within  the  pelvic  ca^'iiy; 
as  it  becomes  lilled  with  urine  it  rises  above  the  pubis,  and,  crossing  the  pelric 
brim,  enters  the  abdominal  cavity.  These  changes  affect  chiefly  the  upper  part  "f 
the  bladder,  which  becomes  altered  in  shape  and  size,  and  acquires  new  connexion:^ 
and  relations ;  the  lower  portion  varies  but  slightly  with  the  amount  of  distension 
of  the  organ  (see  Figs.  809  and  810).  The  position  occupied  by  the  bladder 
depends,  to  a  certain  extent,  on  the  condition  of  the  rectum,  for  when  the  lower 
part  of  the  rectum  is  distended,  the  bladder  as  a  whole  is  thrust  somewhat  upwnnls 
and  forwards.  The  upper  part  of  the  bladder  is  covered  by  peritoneum,  which  in 
reflected  on  to  it  from  the  anterior  abdominal  wall  in  front,  from  the  sides  of  the 
pelvis  laterally,  and,  tn  the  male,  across  the  seminal  vesicles  and  terminal  parU  of 
the  vasa  deferentia  from  the  rectum  behind.  In  the  female  the  peritoneum  posses 
on  to  the  bladder  posteriorly  from  the  anterior  surface  of  the  uterus.  The 
peritoneum  dips  down  posteriorly  for  a  certain  distance  between  the  bladder  and 
rectum  in  the  male,  forming  the  recto-vesical  or  recto-genital  pouch ;  in  the  female 
a  slit-like  peritoneal  deprf  ssion,  called  the  utero-vesicaJ  pouch,  intervenes  between 
the  anterior  surface  of  the  uterus  and  the  bladder  (Fig.  818).  The  under  part  nl 
the  bladder  whicli  lies  below  the  jjeritoneum  is  for  the  most  part  directed  towards 
the  pelvic  floor.     In  the  middle  line  it  is  supported  by  the  symphysis  pubis  and  tin' 
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Fiu.  811.— Ukdeb  Asi 
from  ■  auljject  ii 


when  the  bladder  is  full  aod  the  rectum  empty,  and  at  ita  highest  level  when  the 
tiliuliier  ia  empty  and  the  rectum  distended. 

Under  Aspect  of  the  Bladder. — The  lower  part  of  the  bladder,  which  is  directed 
towards  the  pelvic  floor,  changes,  as  we  have  seen,  but  slightly  with  the  varying 
amount  of  distension  of  the  viacue.  When  the  organ  has  been  carefully  hardened 
iiefore  ita  removal  from  the  body,  it  is  poasible  to  map  out  on  its  under  aspect  three 
movex  triangular  areas,  which  may  be 
distinguished  from  one  another  by  the 
directions  in  which  they  look.     The 

three  areas  approach  one  another  in  bwdw 

the  region  of  the  urethral  orifice,  where,  ^tenu 

in  the  male,  a  portion  of  the   under 

aspect  of  the  bladder  wall  isatructuralty  uiinuoua 

continuous  with  the  upper  part  of  the  ""'* 

prostate.'    Behind  the  urethral  orifice 

is  a  triangular  district,  directed  down-  buddw 

H'.Lrds  and  backwards,  and  related,  in 
the  male,  to  the  seminal  vesicles  and 
the  terminal  portions  of  the  vasa  de- 
ferentia  which,  together  with  the  recto- 
vesical layer  of  the  pelvic  fascia,  inter- 
vene iu  thiaposition  between  the  bladder  The  pnuUU  bis  been  amend  from  ths  blulder,  sua  the 
.»d  the  rectum.  Thi.  t,i.ngukr  are.  ^:^,  Vj:  ^iLtZ'iL-^Si^J."  '"""°" 
of  the  bladder  wall  IS  known  aa  the  boAO, 

or  postero-tnfarior  snr&ce  of  the  bladder,  and  in  the/evude  it  is  directed  against  the 

anterior  wall  of  the  vagina.     The  rest  of  the  under  aspect  of  the  bladder  ia  formed 

hy  two  infero-lateral  areas,  or  surfaces,  which  meet  in  the  middle  line  in  front  of  the 

nrethral   orifice,  and   are  directed   for   the  most  part   downwards  and   outwards 

;see    Fig.   811).      Each   of  these  areas   extends   backwards  to  join   the  poatero- 

inferior  surface, or  ba3e,aIoDg  a  rounded 

border  which  lies  between   the  point 

where  the  ureter  reaches  the  bladder 

and  the  urethral  orifice.     The  infero- 

iMni       lateral  part  of  the  bladder  wall  rests 

against  tlie  fascia  covering  the  levator 

ani  and  the  obturator  internus  muscles, 

and,  nearer  the  middle  line,  upon  the 

pnbes  and  retro-pubic  pad  of  fat. 

The  three  rounded  borders  which 

mark  off  the  three  triangular  areas  on 

the  under  aspect  of  the  bladder,  just 

y„         described,  extend   from  the  region  of 

deferen*    the  urethral   orifice   to    the    bladder 

apex,  and    to   the   points   where   the 

Setiiiui  vuicie  urcters   reach   the   bladder   wall   (see 

.  StaiNAL      Fig.  811). 

Shape  and  Relations  of  the  Empty 
*  ^'"^*"!"'  Bladder. — When  the  bladder  is  empty, 
or  nearly  BO,  it  has,  roughly  speaking,  the 
shape  of  an  inverted  tetrahedron,  whose 
i]>ex  corresponds  to  the  point  where  the  urethra  leaves  the  organ,  while  the  liaso 
)f  the  tetrahedron  is  formed  by  the  superior  surface  of  the  bladder.  The  three 
lasai  angles  of  the  tetrahedron  correspond  to  the  bladder  apex  and  to  the  two 
ateral  angles  of  the  bladder,  or  points  where  the  ureters  join  the  organ.  The  three 
.iirfaces,  which  meet  inferiorly  at  the  urethral  orifice,  are  only  marked  off  from  one 
.nother  by  rounded  borders,  hut  as  long  as  the  organ  is  empty,  or  nearly  so,  they 
,re  separated  by  distinct  borders  from  the  superior  surface.  These  three  areas 
lave  been  already  described  as  the  infero-lateral  surfaces  and  the  base  of  the 
iladder  (Figs.  811  and   812).     Their   relations  have   also   been    indicated.     The 


ken  from  ■  subject  in  which  the  vi 

in   nlM.     Bktne   ipadmen  is    Qgore  813,   A. 
bladder  cDQlained  but  «  (mill  unonnt  of  flnid. 


convex  wnen  me  organ  ib  coniractea,  concave  wiien  reiaxea  ims  Bunace  la  coverwi 
I17  peritoneum,  and  its  outline,  whieli  is  approximately  triangular,  is  determined 
bj  lateral  and  posterior  borders  (fig-  829j.  The  lateial  borden  of  the  empty 
bladder  are  sharply  marked,  and  extend  from  the  bladder  apex  to  the  lateral  angles 
of  the  bladder,  or  points  where  the  ureters  join  the  organ.  They  separate  the 
superior  surface  from  the  iafero-lateral  portions  of  the  under  aspect  of  the  bladder 
wall  (Fig.  813,  A).  Tlie  posterior  border  stretches  across  between  the  lateral  angles 
of  the  bladder,  and  separates  the  superior  from  the  basal  surface  of  the  viscus.  Tlie 
superior  surface  is  related  in  the  male  to  coils  of  intestine ;  in  the  female  it  is 
also  related  to  the  anterior  surface  of  the  uterus.  The  lateral  border  of  the  empty 
bladder  lies  against  the  pelvic  fascia  just  above,  or  at  the  level  of  the  upper  limit 
of  the  levator  ani  muscle.     The  vaa  deferens  crosses  the  side  wall  of  the  jwIvIm 


Klli.    613.— ThI!    Bi^DOEH,    i>H(HTAT£,    AND    SeHUAL    VeHIL'LK,     VIEHKU    KKUa    THK    OCTEK   8IDE. 

Drawu  from  fjieuituena  in  whicb  the  vlucera  were  bsrdeueil  litsfora  reicov*!  from  tbe  bodf.  lu  A  tb«  bluldcr 
contained  but  n  very  Bmall  qiiiatity  of  fluid  ;  In  B  tbe  qUBUtity  wiw  BomaRliat  greiler.  to  A  ilit 
|ieritoneiim  is  aliown  covering  tbe  upper  surroce  uf  the  Uadiler,  and  its  cut  eilga  is  seen  wbert  it  i^ 
rellecteil  along  tbe  lateral  border  of  the  orgui.  In  B  the  level  of  the  |>eri(oiieal  rcHexioii  b  inHicali'l 
b;  «  dotted  Uue. 

parallel  to  it,  but  at  a  considerably  higher  level.  In  mesial  section  the  cavity  of 
tlie  empty  and  relaxed  bladder  often  presents  the  appearance  of  a  Y-shaped  chink, 
the  stem  of  the  Y  being  represented  by  the  urethra  ae  it  leaves  the  organ,  and  the  two 
liuibs  by  the  narrow  intervals  between  the  superior  surface  and  the  under  partanf 
the  bladder  wall  which  lie  in  front  of  and  behind  the  urethral  orifice.  This  relnxel 
form  is  sometimes  described  as  tlie  diastolic  condition  of  the  empty  bladder,  aud  a 
found  associated  with  a  bladder  wall  of  but  little  thickness,  and  a  concave  up)ier 
surface.  The  condition  is  usually  the  result  of  an  escape  of  fluid  after  death, 
when  tliu  bladder  wall  has  lost  the  power  of  contracting.  It  certainly  doee  not 
represent  a  normal  condition  of  the  organ  in  the  living.  Tbe  normal  eraptv 
bladder  is  strongly  contracted,  and  its  wall  is  thick  and  Arm.  A  distiDCtly 
Y-shax>ed  appearance  is  not  presented  by  its  cavity  in  mesial  section,  but  ibc 
interior  of  the  organ  is  seen  as  a  simple  narrow  interval  continuous  with  the  canal 
of  the  urethra. 

Distended  Bladder.— As  the  bladder  fills  with  fluid  the  superior  wall  is 
raised  upwards  from  the  intero-lateral  and  baaal  walls,  and,  at  the  same  time,  tlie 
borders  separating  the  superior  from  the  other  surfaces  of  the  bladder  become  at 
first  more  rounded  and  then  obliterated.  The  lateral  borders  of  the  bladder, 
becoming  in  this  manner  opened  out,  give  rise  to  so-called  lateral  anrflKM  in 
the  distended  organ.  These  surfaces,  however,  are  not  sharply  niarketl  off, 
and  are  directly  continuous  with  the  superior  surface.  During  diBtenaion, 
also,  the  angles  present  in  the  empty  condition  of  the  organ  become  rouDdini 
as  the  entire  bladder  wall  becomes  more  uniformly  convex.  The  general 
shape  of  the  bladder  becomes  altered  during  distension  —  from  the  tetrahedral 
form  of  the  empty  organ,  already  described,  the  bladder  as  it  becomes  filled  assuines 
first  a  somewhat  spherical,  then  an  oval  contour.     During  distension  the  enlarging 


bladder  doea  not  appear  to  vary  much  with  the  distension,  or  contraction,  o 
(compare  Figa  809  and  810),  and  thus  the  fossa  between  the  bladder  a 


Tia,  BIG. — Lateral  Aspect  of  Bl&ddib  coNTAtNOia  ten  ottNOii  or  Fldid.     (NoniikUr 
The  dott«d  line  indicatea  tbe  line  aloug  which  the  peritoneum  wu  reflected  from  the  or 

becomes  relatively  very  deep  when  the  bladder  is  full.     The  bladder 
difiteusioD  may  contain  as  much  as  one  pint,  but  in  moat  cases  the  organ 


FIG.   8I6.-VIKW    l-OOKIKO   UW)   TBE   PkLVIS   FROM  ABOVE   AND   BOMEWBAT  »«"-'" 

The  bladder  bu  been  irliBciAlly  ilistended. 
when  its  contents  reach  from  six  to  ten  ouncea     Under  abaormal,  or  pa' 
"onditioDB  the  bladder  cajiacity  may  be  much  increased. 


often  shows  a  alight  concavity,  due  to  contact  with  the  convex  anterior  wall  of  the 


Fiu.  818.— Uksial  Section  oi' 

irity  of  the  iit«nu  i"  indicated  iliagraumatica 

Trinity  C. 


lege.  Dublin, 


4  ADDI.T   FkHALK. 

irueu  in  the  Analomiciil  DeptrtnMDl, 


The  lower  part  of  tlie  uterus  and  upper  jiart  of  the  vagina  are  not 

separated  by  peritoneum  from  the  kifwl 

1,-nwiii.i         surface  of  the  bladder,  but  are  in  actual 

apposition  with  it  (Fig.  818).     Thus, 

below   the   level  of   the  utero-vesical 

jiii«iibr        pouch,  the  female  bladder  is  related  in 

i.:.ii.,f  much  the  same  manner  to  the  uterus 

and  anterior  wall  of  the  vagina  as  the 

male  bladder  is  related  to  the  vesiculiu 

seminales  and  vasa   deferentia.     The 

apex  of  the  bladder,  where  the  urachus 

,ii,  is  attached,  often  lies  on  a  lower  levol 

than  in  the  mafe,  so  that   the  organ. 

even  when  distended,  rises  less  freely 

into  the  abdomen.     The  bladder  as  a 

whole   is  placed  deei>er   in  the  pelvis 

than   in    the   male,  and   the   ioterniil 

urethral  orifice  lies  just  above  or  jusi 

below  a  line  drawn  from  the  lower  margin  of  the  symphysis  to  the  lower  end  of  tin' 

sacrum  (p.  U46J.     The  lower  level  of  the  internal  urethral  orifice  is  probably  corre- 


Fio.  819.— Thk  Hi..M)I 
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1156  THE  URINOGENITAL  SYSTEM. 

and  terminal  portions  of  the  vasa  deferentia  intervene  as  they  lie  in  the  anterior 
wall  of  the  recto-genital  pouch.  When  the  bladder  is  distended  the  posterior 
border,  separating  the  upper  and  basal  surfaces,  is  rounded  out,  and  the  peritoneum 
forming  the  horizontal  shelf,  just  described,  is  taken  up  (compare  Figs.  810  and  823). 
It  is  to  be  specially  noted  that  the  level  of  the  peritoneal  reflection,  forming  the 
bottom  of  the  recto-genital  pouch,  does  not  alter  to  any  considerable  extent  in  dis- 
tension of  the  bladder  (Figs.  809  and  810). 

An  examination  of  mesial  sections  of  the  pelvis  shows  the  great  danger  run  by  the  ampullai 
of  the  vasa  deferentia  in  any  operation  for  reaching  the  bladder  through  the  anterior  wall  of  tlie 
rectum,  and  the  diflScuIty  in  avoiding  injury  to  the  peritoneum. 

The  term  ''  posterior  false  (or  peritoneal)  ligament "  is  often  applied  to  the  some- 
what variable  cresceutic  fold  of  peritoneum  which  bounds  on  each  side  the 
entrance  to  the  recto-genital  pouch,  and  which  often  unites  with  the  fold  of  the 
opposite  side  across  the  middle  line,  behind  the  posterior  border  of  the  bladder  and 
the  vasa  deferentia.  These  folds  represent  the  folds  of  Douglas  in  the  female,  and 
are  to  be  regarded  as  connexions  of  the  vasa  deferentia  rather  than  of  the  bladder, 
hence  the  term  sacro-genital  folds  is  applicable  to  these  structures  in  both  sexes. 
The  folds  are  seen  in  Figs.  822  and  823. 

In  the  female  the  peritoneum  is  reflected  posteriorly  from  the  upper  surface  of 
the  bladder  on  to  the  anterior  aspect  of  the  uterus. 

The  peritoneum  covering  the  upper  surface  of  the  empty,  or  partly  distended,  bladder 
often  exhibits  a  transversely-di8{x>sed  fold  or  wrinkle,  to  which  the  term  plica  yesicaliB 
transversa  has  been  applied.  This  fold,  when  well  developed,  can  be  traced  on  to  the 
side  wall  of  the  pelvis,  where  it  traverses  the  paravesical  fossa,  and  iu  some  cases  it  is 
found  to  cross  the  pelvic  brim  and  to  be  directed  towards  the  internal  abdominal  riug 
(Figs.  822  and  823). 

Fixation  of  the  Bladder. — When  the  fibrous  cord  of  the  urachus  (ligamentum 
umbilicale  mediuui),  which  binds  the  bladder  apex  to  the  anterior  abdominal  wall, 
and  the  peritoneal  jfolds,  already  described  as  the  false  ligaments,  are  severed,  the 
bladder  is  easily  moved  about,  except  in  its  lower  and  basal  parta  Anteriorly  it 
is  connected  to  the  pubis,  and  laterally  to  the  fascial  lining  of  the  pelvis  by  loase 
areolar  tissue  only,  which  permits  free  movement  during  expansion  and  contraction. 
The  lower  fixed  part  of  the  bladder  is  chiefly  held  in  place  by  processes  of  the 
pelvic  fascia,  continuous  with  those  forming  the  capsule  of  the  prostate.  The 
fascial  connexions  constitute  the  true  ligaments  of  the  bladder,  and  are  described 
as  pubo-prostatic  or  anterior  ligaments,  reaching  the  bladder  from  the  pubis  in  front, 
and  lateral  ligaments,  reaching  the  bladder  from  the  fascial  lining  of  the  side  wall 
of  the  pelvis. 

In  addition  to  the  urachus  and  the  peritoneal  and  true  ligaments  already 
mentioned,  the  bladder  is  supported  and  fixed  in  position,  in  the  region  of  iu 
basal  surface,  by  the  dense  fibrous  and  unstriped  muscular  tissue  which  surrounds 
the  seminal  vesicles,  the  terminal  portions  of  the  vasa  deferentia  and  the  ureters. 

Laterally  the  strands  of  connective  tissue  and  the  handles  of  muscle  fibres  forming  this  sup- 
port pass  backwanls  to  gain  attachment  to  the  fascia  in  connexion  with  the  rectum^  and  the 
front  of  the  sacrum.  Muscle  fibres  connected  with  the  bladder  wall  are  also  found  within  the 
pubo-prostatic  hgaments,  through  which  they  are  attached  to  the  pubis. 

In  the  female  the  basal  part  of  the  bladder  wall  is  supported  and  held  in  place 
by  its  connexion  with  the  anterior  wall  of  the  vagina.  The  region  of  the  urethral 
orifice  is  the  most  firmly  fixed  part  of  the  bladder  wall  in  both  sexea 

Structure  of  the  Bladder  Wall. — The  wall  of  the  bladder  from  without  inwarrls 
is  composed  of  a  serous,  a  muscular,  a  submucous,  and  a  mucous  coat.  The  seroiiB  coat 
(tunica  serosa),  formed  by  peritoneum,  is  incomplete,  and  covers  only  the  upper  aiid 
posterior  parts  of  the  distended  bladder  (Fig.  814). 

A  considerable  amount  of  fibrous  connective  tissue  surrounds  the  innscnlar  coat,  and 
penetrating  it  divides  it  into  numerous  coarse  bundles  of  muscle  fibres.  All  the  muscle 
fibres  are  of  the  smooth  variety,  and  the  bundles  formed  by  them  are  arranged  in  three 
very  imperfectly  separated  strata  called  external,  middle,  and  internal.     The  eztemal 


during  the  passage  of  fluid  the  oanal  is  closed  by  the  apposition  of  ite  anterior  and 
posterior  walls.  The  eztemal  otific«  (onficium  urethrse  externum)  is  placed  between 
the  labia  minora,  immediately  in  front  of  the  opening  of  the  vagina,  and  lies  about 
one  inch  below  and  behind  the  clitoris  (Fig.  855).  The  opening  is  slit-like,  and  is 
bounded  by  slightly  marked  lateral  lips.     The  pc«terior  wall  of  the  urethra,  except 
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in  its  upper  part,  is  very  intimately  couneotdd  with  the  anterior  wall  of  the  vagina. 
The  mucous  lining  of  the  canal  is  raised  into  a  number  of  slightly  marked  longi- 
tudinal folds,  one  of  which,  more  distinct  than  the  others,  and  placed  upon  ttie 
posterior  wall  of  the  pass^e,  receives  the  name  of  crista  nraUiralis. 

Structure. — The  wall  of  the  female  urethra  la  thick  and  contains  much  fibroim 
tissue,  eBpecially  in  its  outer  part,  and  this  passes  without  any  sharp  line  of  detnarkation 
into  the  surrounding  mass  of  connective  tissue.  The  muscular  coat  of  the  urethn  (tuoin 
muscularia)  is  continuous  above  with  that  of  the  bladder,  and  is  composed  of  layers  of 
circularly  and  longitudinally  disposed  smooth  muscle  fibres  arranged  to  form  outer  and 
inner  strata.  Within  the  muscular  coat  the  wall  of  the  urethra  is  very  vascular,  and  the 
canal  itself  is  lined  by  a  pale  mucous  membrane  which  is  thrown  into  longitudinally- 
directed  folds,  one  of  which  is  the  crista  uretbralis  mentioned  above.  The  epithelium  c( 
the  canal,  in  its  upper  part,  is  of  the  transitional  variety,  like  that  of  the  bladder;  in 
its  lower  part  it  becomes  scaly.  Numerous  minute  glands  (glandulfe  urethralc^) 
and  pit-like  depressions  (lacunae  urethrales)  opeu  into  the  urethral  canal.  One  group  of 
these  glands  possesses  a  minute  common  duct  (ductus  paiaurcth rails),  which  opean  into 
thu  uriuogenitat  cleft  by  the  aide  of  the  urethral  orifice.  It  is  believed  that  these  latter 
glands  represent  the  prostatic  glands  of  the  male  subject.  The  vascular  layer  which  lie* 
between  the  muscular  coat  and  the  mucous  membrane  contains  elastic  fibres,  and  in 
appearance  resembles  erectile  tissue.     Striped  muscle  fibres  are  present  on  the  oiit«r 


of  the  testis.  Each  border  euds  above  in  the  upper,  and  below  in  the  lower  extrtmily 
of  the  testis  (extremitas  superior  et  extremitas  inferior).  Owing  to  the  obliquity 
of  the  long  axis  of  the  gland,  the  upper  extremity  of  the  testis  lies  on  an  anterior 
and  external  plane  to  the  lower  one. 

Epididymis. — The  epididymis  is  a  somewhat  crescentic  structure, which  is  euned 
round  the  posterior  border  of  the  testis  and  overlaps  to  some  extent  the  posterior 
part  of  the  outer  surface  of  that  organ.  The  upper,  somewhat  swollen  part  of  the 
epididymis,  is  called  the  globns  major  (caput  epit^dymidia),  and  overhangs  the  up]>er 
end  of  the  testis,  to  which  it  is  directly  connected  by  numerous  emerging  ducts,  by 
coDDective  tissue,  and  by  the  serous  covering  of  the  organ.  The  lower  and  smaller 
end  is  termed  globus  minor  (cauda  epididymidis),  and  is  attached  by  loose  areolar 
tissue  and  by  the  serous  covering  to  the  lower  end  of  the  testis.  The  intermt^diat*; 
part,  or  body  (corpua  epididymidia),  is  applied  against,  but  is  separated  from,  ihe 
posterior  part  of  the  outer  surface  of  the  testis  by  an  involution  of  the  Berous 
covering  of  the  organ,  which  forms  an  intervening  pocket  termed  the  digital  foasa 
(sinus  epididymidis). 

The  main  mass  of  the  epididymis  is  composed  of  an  irregularly  twisted  canal, 
the  canal  of  epididymis,  which  forms  the  first  part  of  the  duct  of  the  testis. 

Minute  sessile,  or  pedunculated,  bodies  are  often  found  attached  te  the  globus  major 
or  to  the  upper  end  of  the  testis.  These  are  called  appendices  of  the  epididymia  antl 
lestja  (appendices  testis),  or  hydatids  of  Mor^agni,  and  have  a  developmental  intereDl. 
The  minute  body  which  lies  on  the  upper  end  of  the  teatia  represeuto  the  free  eud  of 
MUller's  duct  in  the  embryo  and  tlie  fimbriated  end  of  the  Fallopian  tube  of  the  feiuale ;  it 
is  usually  sessile.  Above  the  globus  major,  and  in  front  of  the  lower  part  of  the  spermatic 
cord,  tliere  may  also  be  present  a  small  rudimentary  body  called  the  orcan  of  Oiraldei  ur 
puadidymis.     This  ia  rarely  seen  in  the  adult  and  is  best  marked  in  young  children. 

Tunica  VaglnaJis-— The  cavity  within  which  the  testis  and  epididymis  are 

placed   is   lined   by  a  smooth   serous   membrane — the   tunica   vaginalis — which 

resembles  in  appearance  and  structure 

the  peritoneum  from  which  it  is  ori),'in- 

ally  derived.    The  cavity  is  consideralJy 

larger  than   the   contained  structures, 

and  extends  not  only  down  tea  lower 

'^™'  level  than  the  testis,  but  also  reacljes 

viH  <  upwards  to  a  higher  level  than  the  gland 

4     n,  The  aac,  or  cavity,  tapers  as  it  ia  tnR'c<i 

Superior  upwaids,  and  above  the  level  of  the  testis 

°'*[  the  spermatic  cord  bulges  forwards  into 

tiini™  its  posterior  part.    The  tunica  vaginalis 

lines  the  cavity  for  the  testis,  and  is 

reflected  from  the  posterior  wall  of  the 

^'■""'^''^  scrotal   chamber   over    the   testis  and 

epididynuB,  giving  a  covering  to  each. 

""^^°'  The  part  of  the  membrane  lining  the 

cavity  iscalledthe  parietal  portion  ( land  an 

parietalis)  of  the  tunica  vaginalis,  while 

the  part  clothing  the  testis  and  I'pididy- 

mis  is  termed  the  visceral  portion  (lamina 

Fi«.   82fl.-R.oaT  T^TU  wrrH.N  T.MCA  V*ou.*ub.    ™"';'>..   ^''^^*^,''  ^''1,''"^"/.?"''"'"' 

In  the  rtgiou  of  the  globus  major  tha  tunica  of  the  testis  and  the  body  of  the  e|ll- 

faginalii  hiw  been  cut  throuRh  sail  tbe  gloims  didymts,  the  visceral  part  of  the  tunica 

jHor  of  the  epidiJymi*  h»„  been  ™i»d  to  .how  vaginahs  dips  in  and   lines  a   narrow 

interval  called  the  digital  fossa  (sinus 

epididymidis).     The  entrance  to  the  fossa  is  limited  above  and  below  by  short 

crescentic  folds  of  the  tunica  vaginalis,  which  pass  from  the  testis  to  the  glohus 

major  and  minor  of  the  epididymia     These  folds  are  spoken  of  as  the  superior 

and  inferior  ligaments  of  the  epididymia     In  three  poeitioos  the  surface  of  the 

^estis  receives  no  covering  from  the  tunica  vaginalia, — superiorly  where  the  globus 


^tngoDum  lemoraie;  Decween  i.ne8e  vessels  ana  loe  peivic  onm.  \jn  uie  siae  wau 
of  the  pelvis  the  vas  is  continued  backwards,  and  a  little  downwards  and  inwards, 
in  the  direction  of  the  ischial  spine,  and  lies  immediately  beneath  the  peritoneum, 
through  which  it  can  usually  be  seen  shining.  In  the  pelvic  part  of  its  coutse  the 
vaa  deferens  crosses  on  the  inner  side  of  (1)  the  obliterated  bypc^astric  artery,  (2) 
the  obturator  nerve  and  vessels,  (3)  the  vesical  vessels,  and  (4)  the  ureter  (Fig.  823). 
Beyond  the  ureter  the  vaa  takes  a  somewhat  sudden  bend,  and  passes  down- 
wards and  inwards  towards  the  middle  line,  beneath  the  peritoneum  of  the  pelvic 
^      _  floor.   Beaching  the  interval 

between   the   base  of   the 
bladder   in   front   and   the 
..  .  ^.     rectum    behind,    the    vasa 
tuics!  deierentia  of  opposite  sides 

Urator  occupy    the   angle    formed 

between  the  veaicula;  semi- 
"'  nales  (Fig.  831).    As  they 

VHieuii  approach  one  another  each 

""  "  vas  becomes  somewhat  tor- 

tuous,  sacculated,   and   di- 
Keenun  lated,  and  asBumee  a  general 

resemblance  in  structure  to 
a  portion  of  the  veeicula 
seminalis.  Tliis  dilated  part 
of  the  vas  deferens  is  t«rmed 
Fio.  830.  —  HoRimNTAL  Section  trrodoh  thk  Rbctum  and  t^Q  (ympnlla  (ampulla  ductUB 
Bladdbr  at  the  Lsvel  at  which  thb  Ubbtbm  pibbcb  thk      j   , »■  \       »      -i  I 

Bladder  Wall.  defetentisX    As  it  turns  in- 

Protn  ■  spMirnBn  in  the  Surgioil  Museum.  Trinity  CoU^e,  DubliD.        wards   the  vaS  lies   a   short 

distance  behind  the  ureter, 
and  immediately  in  front  of  the  free  edge  of  the  peritoneal  fold  (sacro- genital)  which 
bounds  the  recto-genital  pouch  of  the  peritoneum.  Just  above  the  base  of  the 
prostate  the  vas  deferens  becomes  once  more  a  narrow  canal,  and  in  this  position 
it  is  joined  by  the  duct  of  the  corresponding  seminal  vesicle  to  form  the  eoiun«ii 
«jacnlator7  duct,  which,  after  a  short  course  downwards,  forwards,  and  inwards 
through  the  prostate,  opens  into  the  urethra. 

In  eome  cases  the  vas  deferens  crosses  the  obliterated  hypogastric  arterj  before  it  eutcts  the 
pelvic  cavity  ;  it  normaUy  does  so  in  the  foetus. 

Oommon  i^acolatory  Duct  (ductus  ejaculatorius). — This  minute  duct,  formed 
by  the  union  of  the  vas  deferens  with  the  duct  of  the  corresponding  Beminal  vesicle, 
is  lees  than  one  inch  in  length,  and  lies  very  close  to  its  fellow  of  the  opposite  side 
as  it  passes  through  the  prostate  behind  its  mesial  lobe.  The  ducts  open  by  slit-like 
apertures  into  the  first  part  of  the  urethra,  one  on  each  side  of  the  dniu  pocolaiia 
(utriculus  proetaticus). 

The  mucous  memfaraDe  of  the  duct  is  thrown  tuto  numeroua  complicated  folds,  and  in 
connexion  with  it  are  a  number  of  remarkable  ininute  diverticula  which  are  enclosed 
within  the  muscular  coat  of  the  duct. 

Seminal  Veaiclea. — The  vesiculfe  aeminales,  or  seminal  vesiclee,  are  a  pair  of 
hollow  sacculated  structures  placed  in  front  of  the  rectum  and  behind  the  bladder 
(Fig.  831).  Each  vesicula  seminalis  is  usually  about  two  inches  in  length,  and  has 
its  long  axis  directed  downwards,  inwards,  and  somewhat  forwards.  The  upper 
extremity  of  the  vesicle,  which  ia  partly  covered  by  peritoneum,  is  large  bu<1 
ronnded,  and  lies  at  a  considerable  distance  from  the  middle  line,  behind  the  lower 
end  of  the  ureter.  The  peritoneum  of  the  recto-genital  pouch  separates  the  upper 
end  of  the  seminal  vesicle  from  the  rectum ;  below  the  peritoneal  cavity  the  vesicle 
and  rectum  are  more  intimately  related.  The  vesicle  tapeis  towards  its  lower  end, 
which  is  placed  close  to  the  middle  line  and  immediately  above  the  prostate. 
Inferiorly,  the  vesicle  becomes  constricted  to  form  a  short  duct  (ductus  excretoriua), 
which  joins  the  outer  side  of  the  corresponding  vas  deferens  at  an  acute  angle  to 


as  diverticula  of  the  vasa  deferentia,  from  which  they  originally  arise  ae  small 
pouchea 


Fin.  832.— Trk  Biaddbr,  Phiihtate,  and  Seminal  Vesicle  vuwed  ntoM  ran  Stor. 

Drawii  from  gpecuijens  harileneit  in  lilu. 

lu  A  the  bladiler  contained  but  a  small  anionnt  of  fluid  ;  in  B  the  quantity  wu'samewhat  ^realer. 

The  dense  tissue  in  which  the  seminal  veaicles  are  embedded  contains  much  unstriped  muide 
tissue,  which,  sweeping  i-ound  in  the  side  wall  of  the  recto-genital  pouch,  gaina  an  attachment 
to  the  fascia  in  front  of  the  sacrum  and  to  the  rectum.  Inferiorlj  this  tiaaue  ia  attachfil  h> 
the  capsule  of  the  pmstate.  The  large  reins  coming  from  the  prostatic  and  vesical  pleiue«s  ate 
closely  relatiril  to  the  seminal  Tesicles. 

Btmctore  of  the  Vas  Deferens  and  of  the  Vesicnla  Seminalis.— Except  neai 
its  termination,  where  it  is  dilated  to  form  the  ampulla,  the  vas  deferens  is  a  thick- 
walled  tube  with  relatively  a  very  Bmall  lumen.     The  bard  cord-like  sensation  which 


Uomiiiau  fjicDUtacT  duct 

A  B 

Fin.  833. 
A  and  B.   Draning.i  illustrating  the  leuiinal  vesicle  and  the  ampalla  of  vas  defereni  taken  from  tvo  diflerrol 

suhjwt?. 
C.  The  gpiiiinal  vesicle  and  Taa  dererens  hare  been  cut  into  to  show  the  pitted  itrnctnrc  of  their  walla, 

the  vas  deferens  conveys  to  the  touch  is  due  to  the  thickness  and  toughness  of  ilf 
wall,  which  ia  composed  of  three  layers— an  outer  fibrous  (tunica  adventitia),  an 
intermediate  muscular  (tunica  muscularis),  and  an  inner  mucous  coat  (tunica 
mucosa).  The  thickness  of  the  wall  is  due  to  the  grt^at  development  of  the  middle 
or  muscular  coat,  which  is  composed  of  an  intermediate  layer  of  circularly  and 
an  inner  and  outer  layer  of  longitudinally  directed  unstriped  muscular  fibres.  Of 
these  layers  the  middle  one  is  by  far  the  thickest  and  forms  the  chief  part  of  the 


ot  trie  ceaiiH.  fiacn  ooraer  enos  aoove  in  me  upper,  ana  oeiow  in  ine  tower  aartmuy 
of  the  testis  (extremitaa  Buperior  et  extremitas  inferior).  Owing  to  the  obliquity 
of  the  long  axis  of  the  gUnd,  the  upper  extremity  of  the  t^tis  lies  on  an  anterior 
and  external  plane  to  the  lower  one. 

EpididymiB.^ — The  epididymis  ia  a  somewhat  crescentic  structure, which  is  curved 
round  the  posterior  border  of  the  testis  and  overlaps  to  some  extent  the  posterior 
part  of  the  outer  surface  of  that  organ.  The  upper,  somewhat  swollen  part  of  the 
epididymis,  is  called  the  globus  nu^or  (caput  epicUdymidis),  and  overhangs  the  upper 
end  of  the  testis,  to  which  it  is  directly  connected  by  numerous  emerging  ducta,  by 
connective  tissue,  and  by  the  serous  covering  of  the  organ.  The  lower  and  smaller 
end  is  termed  slobus  minor  (cauda  epididymidis),  and  is  attached  by  loose  areolar 
tissue  and  by  the  serous  covering  to  the  lower  end  of  the  testis.  The  intermediate 
part,  or  body  (corpus  epididymidis),  is  applied  against,  but  is  separated  from,  tbe 
posterior  part  of  the  outer  surface  of  the  testis  by  an  involution  of  the  serous 
covering  of  the  organ,  which  forms  an  intervening  pocket  termed  the  digital  fossa 
(eiuus  epididymidis). 

The  main  mass  of  the  epididymis  is  composed  of  an  irregularly  twisted  canal, 
the  canal  of  epididymis,  which  forms  the  first  part  of  the  duct  of  the  testis. 

Minute  aeasile,  or  pedunculated,  bodies  are  often  found  attached  to  the  globus  major 
or  to  the  upper  end  of  the  testis.  These  are  called  appendices  of  the  epididymis  and 
testis  (appendices  testis),  or  hydatids  of  Morgagni,  and  have  a  devclopmeutol  interest. 
The  minute  body  which  lies  on  the  upper  end  of  the  testlu  represents  tbe  free  end  uf 
Milller's  duct  in  the  embryo  and  the  fimbriated  end  of  tiie  FalSopian  tube  of  tbe  feiuale  ;  it 
is  usually  sessile.  Above  the  globus  major,  and  in  front  of  the  lower  part  of  the  spermiitit 
cord,  there  may  also  be  present  a  snaall  rudimentary  body  called  the  organ  of  Giraldea  or 
paiaJdidymia.     This  is  rarely  seen  in  the  adult  and  is  best  marked  in  young  children. 

Tunica  Vaginalis. — The  cavity  within  which  the  testis  and  epididymis  are 
placed  is  lined  by  a  smooth  serous  membrane — the  tunica  vaginalis — which 
resembles  in  appearance  and  structure 
the  peritoneum  from  which  it  is  origin- 
ally derived.  The  cavity  is  considerably 
larger  than  tbe  contained  structures, 
and  extends  not  only  down  to  a  lower 
*''"'  level  than  the  teetia,  but  also  reaches 

Vim  upwards  to  a  higher  level  than  the  gland 

ippjn  The  sac,  or  cavity,  tapers  as  it  is  traceii 

snperior  upwards,  Bud  above  the  level  of  the  testis 

"'•j  the  spermatic  cord  bulges  forwards  into 

tiinj™  its  posterior  part    The  tunica  vaginalis 

^  lines  the  cavity  for  the  testis,  and  is 

'  reflected  from  the  posterior  wall  of  tbe 

sinuiepii  scrotal   chamber   over    the   testis  and 

epididymis,  giving  a  covering  to  each 
^"'"1°'  The  part  of  the  membrane  lining  the 

cavity  iscalled  thepuietalpoition(kmiD> 
parietaUs)  of  the  tunica  vaginahs,  while 
the  part  clothing  the  tetitis  and  ejiididy- 
mie  is  termed  the  visceral  portion  (lamina 
F,o.  »2a-E,o.,  li™  m™,  Tmio.  v„„.l».   "'•"f"'")-  .  B*'™"  H™  outer  surf.c 

In    llie   reiriOD    of    the    glotiua    raajor    the    tunicn    O'    the    teStlS   and    the    body  of  the  epl- 

B  httn  out  throuKh  »Dd  the  globii»  didymis,  the  visceTai  part  of  the  tunica 
.  .„i^i,i™i.  ha-j^^n^r.ii«i  to  .how  vaginalis  dips  in  and   lines  a   narro* 
'  "^"^  ™'  interval  called  the  digital  fosn  (sinus 

epididymidis).  The  entrance  to  the  fossa  is  limited  above  and  below  by  short 
creBcentic  folds  of  the  tunica  vaginalis,  which  pass  from  the  testis  to  the  globus 
major  and  minor  of  the  epididymis.  These  folds  are  spoken  of  as  the  superior 
and  inferior  ligaments  of  the  epididymis.  In  three  positions  the  surface  of  tk- 
testis  receives  no  covering  from  the  tunica  vaginalis, — superiorly  where  the  globus 


in  the  direction  of  the  ischial  spiae,  and  lies  immediately  beneath  the  peritoneuiu, 
through  which  it  can  usually  be  seen  shiniag.  Id  the  pelvic  part  of  its  course  the 
vas  deferens  crosses  on  the  inner  aide  of  (1)  the  obliterated  hypogastric  artery,  (2) 
the  obturator  nerve  and  veBsele,  (3)  the  vesical  vessels,  and  (4)  the  ureter  (Fig.  823). 
Beyond  the  ureter  the  vas  takes  a  somewhat  sudden  bend,  and  passes  down- 
wards and  inwards  towards  the  middle  line,  beneath  the  peritoneum  of  the  pelvic 

floor.   Beaching  the  interval 

between    the   base   of   the 

bladder   in   front  and  the 

_.,.  t  J.     rectum    behind,    the   vasa 

TMiM  deferentia  of  opposite  aides 

unicr  occupy    the    angle    formed 

between  the  veaiculie  Bemi- 
"  nales  (Fig.  831).    As  thej 

vnicuia  approach  one  another  each 

"'"''""'  vas  becomes  somewhat  tor- 

tuous,  sacculated,  and  di- 
R«tjim  lated,  and  assumes  a  general 

resemblance  in  structure  to 

a   portion   of   the  vestcula 

seminaliB.   This  dilated  part 

of  the  vas  deferens  is  termed 

Flo.  830.  —  Horizontal  Sbction   laiiouaH  rise    Raeivu   ahd     the  ampull*  (ampulla  ductus 

Bladder  at  the  Level  at  nuica  the  Ubitbhs  fierce  thk       <   >         ..■  \        •      ...  .. 

BladdbbWall.  deferentis).    As  it  turns  m- 

From  «  specimeD  in  the  Surgicil  Miuwuin,  Trinity  CoUege,  Dublin.        wards  the   vas  li^  ft  shoit 

distance  behind  the  ureter, 
and  immediately  in  front  of  the  free  edge  of  the  peritoneal  fold  (sacro-genital)  whicli 
bounds  the  recto-genital  pouch  of  the  peritoneum.  Just  above  the  base  of  the 
prostate  the  vas  deferens  becomes  once  more  a  narrow  canal,  and  in  this  posiCioD 
it  is  joined  by  the  duct  of  the  corresponding  seminal  vesicle  to  form  the  eommoB 
ejacnlatorr  duct,  which,  after  a  short  course  downwards,  forwards,  and  inwards 
through  the  prostate,  opens  into  the  urethra. 

In  some  cases  the  vas  di 
pelvic  cavity  ;  it  nurniallj'  d 

OommoD  ^jacnlatory  Dact  (ductus  ejaculatorius). — This  minute  duct,  form«<l 
by  the  union  of  the  vas  deferens  with  the  duct  of  the  corresponding  seminal  vesicle, 
is  less  than  one  inch  in  length,  and  lies  very  close  to  its  fellow  of  the  opposite  side 
as  it  passes  through  the  prostate  behind  its  mesial  lobe.  The  ducts  open  by  slit-like 
apertures  into  the  first  part  of  the  urethra,  one  on  each  side  of  the  nans  poeolaru 
(utriculus  prostaticus). 

The  mucous  membrane  of  tfae  duct  is  thrown  into  numerous  complicated  folds,  and  m 
connexion  with  it  are  a  number  of  remarkable  minute  diverticula  which  are  eaclosed 
within  the  muscular  coat  of  the  duct. 

Seminal  Vesicles. — The  reeiculae  seminales,  or  seminal  vesicles,  are  a  pair  ot 
hollow  sacculated  structures  placed  in  front  of  the  rectum  and  behind  the  bladder 
(Fig.  831).  E^ach  vesicula  seminalis  is  usually  about  two  inches  in  length,  and  has 
its  long  axis  directed  downwards,  inwards,  and  somewhat  forwards.  The  upper 
extremity  of  the  vesicle,  which  is  partly  covered  by  peritoneum,  is  large  and 
rounded,  and  lies  at  a  considerable  distance  from  the  middle  line,  behind  the  lower 
end  of  the  ureter.  The  peritoneum  of  the  recto-genital  pouch  separates  the  upper 
end  of  the  seminal  vesicle  from  the  rectum ;  below  the  peritoneal  cavity  the  vesicle 
and  rectum  are  more  intimately  related.  The  vesicle  tapers  towards  its  lower  end. 
which  is  placed  close  to  the  middle  line  and  immediately  above  the  prostata 
i_i!-.^-^i_  .1. ;_i_  L T_._j  .,  r -L^j^  |jjj^.(.  (ductus  eicretorius), 

leferens  at  an  acute  angle  to 
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wards  on  to  the  under,  or  urethral,  surface  of  the  penis.     The  difference  in  the 
appearance  of  the  scrotum  at  different  times  is  due  to  the  amount  of  contraction, 
or  relaxation  of  a  layer  of  muscular  fibres,  constituting  the  dartos  muscle,  situated 
in  the  superficial  fascia.     When  this  muscular  layer  is  contracted,  the  scrotum 
becomes  smaller  and  somewhat  globular,  and  the  skin  is  thrown  into  folds  ox 
wrinkles  called  rugae;  when  it  is  relaxed,  the  scrotum  is  flaccid  and  pendulous, 
and  the  skin  becomes  more  smooth  and  even.     The  layer  of  fascia  which  con- 
tains the  smooth  muscle  fibres  of  the  dartos  muscle  is  often  spoken  of  as  the 
tunica  dartos.     It  can  be  shown  to  be  continuous  superiorly  with  the  8U\)erficial 
fascia  of  the  penis,  and  with   the  deep  layer   of  the  superficial  fascia  of  the 
abdomen,  and  to  be  attached  laterally  to  the  bones  forming  the  pubic  arch.    The 
muscle  fibres  are  arranged   in  a  thick  layer  of  interlacing  bundles,  and  many 
of  the  deeper  fibres  are  continued  into  a  septum  (septum  scroti)  which  divides 
the  scrotum  into  two  cavities,  one  for  each  testis.     The  wall  of  each  oi  these 
cavities  is  formed  by  the  corresponding  tunica  vaginalis,  infundibuUform  fascia, 
cremasteric    fascia,   abd   intercolumnar  fascia,   while    the    skin,   the    superficial 
fascia,  and  the  superficial  part  of  the  dartos  muscle  form  coverings  which  are 
common  to  the  whole  scrotum,  and  enclose  both  cavities.     The  layer  of  tissue 
immediately  beneath  the  dartos  tunic  is  made  up  of  exceedingly  loose  and  easily 
stretched  areolar  connective  tissue,  and  in  it  as  throughout  in  the  superficial  fascia 
of  the  scrotum  there  is  an  entire  absence  of  fat. 

The  scrotum  in  the  fcctus  coutains  no  cavity,  but,  hke  the  labia  majora  iu  the  female,  it  is 
composed  entirely  of  vascular  connective  tissue. 

vessels  and  Nenres  of  the  Scrotum. — The  scrotum  receives  its  vascular  supply  from  the 
saperflcial  perineal  branches  of  the  internal  pudic  arteries  which  reach  it  from  behind,  and 
from  the  external  pndic  branches  of  the  femoral  artery  which  reach  its  upper  and  anterior  part 
The  nerves  of  the  scrotum  are  derived  from  the  saperflcial  perineal  branches  of  the  interna 
pudic,  from  the  perineal  branch  of  the  small  sciatic,  and  from  the  ilio-ininiiiial  nerve.  Th« 
branches  from  the  internal  pudic  and  sciatic  nerves  reach  the  scrotum  from  behind,  while  tii 
ilio-inguinal  supplies  its  uj^per  and  anterior  part  The  nerve  fibres  for  the  dartos  muscle  fibr^ 
are  believed  to  come  from  the  hyj)ogastric  plexus. 

THE  PENIS. 

The  penis  is  composed  chiefly  of  erectile  tissue,  and  is  traversed  by  the  can  i 
of  the  urethra.  The  surface  nearest  to  which  the  canal  of  the  urethra  lies  i 
called  the  under  or  urethral  surface  (facies  urethralis) ;  the  opposite  and  mv  i 
extensive  aspect  is  the  dorsum  penis.  The  erectile  tissue  is  for  the  most  pi 
disposed  in  three  longitudinal  columns,  which  in  the  body  of  the  organ  aiv  \»lav  i 
side  by  side,  while  at  the  root  of  the  penis  they  separate  from  one  another,  21 1 
become  attached  to  the  triangular  ligament  and  the  pubic  arch.  Two  of  th ! 
masses  of  erectile  tissue,  placed  one  on  each  side  of  the  middle  line,  and  forniiu*^  : 
dorsum  and  sides  of  the  penis,  are  called  the  corpora  cavemoaa  (corpora  cavern  1 
penis),  while  the  third,  which  is  called  the  corpus  spongiosum  (corpus  caverni)?^ 
urethrse),  is  situated  mesially  near  the  urethral  surface.  The  corpus  spongiosiu 
the  part  of  the  penis  which  is  traversed  by  the  urethra,  and  it  is  eousider*. 
smaller  than  the  corpora  cavernosa  which  form  the  chief  bulk  of  the  oi^an. 

In  the  body  of  the  penis  (corpus  penis)  each  corpus  cavemosuiu  is  placevV  1 
to  the  mesial  plane,  and  presents  a  rounded  surface,  except  where  it  is  flatl^i 
by  contact  with  its  fellow  of  the  opposite  side.  The  corpora  cavernosa  are  «t 
ated  on  the  anterior  (dorsal)  surface  by  a  shallow  groove,  and  on  the  jKjsti 
(urethral)  aspect  by  a  deeper  and  wider  furrow,  in  which  lies  the  corpus  spouui*  1 
(P'ig.  839).  Towards  the  distal  end  of  the  penis  the  corpus  spongiosum  up|.)e:*. 
expand,  and,  spreading  towards  the  dorsal  surface  of  the  organ,  it  forms  a  ki:; 
conical  cap,  the  glans  penis,  which  covers  over  the  blunt  rounded  terminati'i 
the  corpora  cavernosa.  The  prominent  margin  of  the  glans,  called  the  ci 
glandis,  projects  dorsally  and  laterally  beyond  the  extremities  of  tlii^  v,*} 
cavernosa.  Like  the  corpus  spongiosum  the  glans  is  traversei.1  l>y  the  uri 
which  ends  near  the  summit  of  the  glans  in  a  slit-like  opening  caviled.  t\ie  n 
urinarius,  or  external  urethral  orilice.     The  united  corpora  cavernoea  end  in  a 


the  nemupnena  balbi  nretnne,  ana  are  oeBt.  seen  in  suDjeoca  wnosa  iisaues  nave  De>:D 
hardened  by  intra-vascular  injection.  A  slightly  marked  median  septum,  dtuatd 
within  the  bulb  tissue,  indicates  on  a  deeper  plane  the  line  along  which  fuaon  has 
taken  place.  The  canal  of  the  urethra,  piercing  the  triangular  ligament,  eaters 
the  bulb  obliquely  a  short  distance  in  front  of  its  posterior  extremity  (Fig.  8«). 
Covering  the  superficial  surface  of  the  bulb  is  the  bulbo-cavernosus  muwJe. 

A  somewhat  triangular  band  of  strong  fibrous  tissue,  called  the  lUQensoi? 

llcamsat  of  tlu  panii,  -a 
attached  to  the  froDt  or 
the  symphysis  pubis,  aod 
extends  to  the  fibrous 
capsule  of  the  penis,  with 
'  which     it    becomes  <K>n- 

'  tinaoua. 

Structure  of  the 
Penis. — Each  corpiu  cai- 
emoaum  peiiia  ia  en[:lo6e<l  by 

FlO.  839.— A    LONOITUDINAL    SSCTION    OF   TH«   TlBHIRAI.    POBTION    Or    »    dCIlBe    wbltC     fibrOUS    COat 

THE  Penis,  and  a  Tbahbtehse  Sionoii  turoiiuh  trb  Body  or  or  tnniea  albnglnea  (luniG& 
THE  OiWAH.  albuginea  corporum  eavcm- 

a.  Corpus  csverDoauni.    rf.  Glaiis  peiiia.  g.  Dorsil  Tein.        osorum),  which,   fuBrag  *il\\ 

*.  Corpus  .pongiMum.    e   Fo«»  r-.vicnl.ri..  A.  Dor«]  utery.    the  corresponding  coat  of  the 

c,  Ureth™!  cnil.  /.  Part  ot  leptum  pectimronDe.  i.  Dors.1  nerve.  -        T,      ,    "  .  , 

opposite  Bide,  forma  &  meaiiil 
septum  (aeptum  penis).  The  septum  is  very  incomplete,  especially  near  the  terminal  parf 
of  the  penia,  where  it  is  interrupted  by  a  number  of  nearly  parallel  slit-like  perforation!- 
hence  the  term  aeptnm  pectiuiforme  is  often  applied  to  it  (Figs.  839  and  64&).  TbTw\g> 
these  openings  the  erectile  tissue  of  the  corpora  cavernosa  of  opposite  sides  is  continuous. 

The  fibrous  coat  contains  some  elastic  fibres,  and  may  be  divided  into  an  ovitCT  Uj( 
of  lougitudiually  directed  fibres  and  an  inner  layer  of  circular  fibres,  some  of  which  luti< 
are  continued  into  the  septum.  Numerous  fibrous  strands,  called  trabecala  (trabecul 
corporum  cavemosorum),  proceed  from  the  deep  surface  of  the  tunica  albuginea,  ay 
stretching  across  the  interior  of  the  corpus  cavemosura,  form  a  fine  sponge-like  framewoi 
whose  interspaces  communicate  freely  with  one  another,  and  are  filled  with  \)>\or^ 
These  blood-containing  spaces  lead  directly  into  the  veins  of  the  penis,  and  like  the  voi 
have  a  lining  of  flat  endothelial  cells.  The  size  of  the  penis  varies  with  the  amount 
blood  in  this  cavernous  tissua  The  structure  of  the  corpus  spongiosum  resemblea  tl 
of  the  corpora  cavernosa,  but  the  fibrous  coat  is  much  thinner  and  more  elastic,  and  I . 
trabecule  are  finer  (Fig.  839). 

The  glans  penis  is  also  composed  of  cavernous  tissue  which  communicates  by  a  r  < 
venous  plexus,  situated  on  the  ventral  aspect  of  the  urethra,  with  the  corpus  Bpoi'i',;i»'' 
urethrte.  No  strongly  marked  tunica  albuginea  ia  present,  and  the  erectile  tir-sm 
practically  bounded  by  the  firmly  adherent  skin.  Surrounding  the  urethra,  which  in 
part  of  the  penis  is  represented  by  a  laterally  compressed  slit-like  passage,  is  a.  nv.w 
fibro-elastic  tissue  which  forms  a  kind  of  median  septum  within  the  glana.  This  ncy 
is  continued  backwards  to  join  the  sheath  of  the  conical  end  of  the  corpora  cavernosa, 
ventrally  it  gives  attachment  to  the  frenulum  of  the  prepuce.  It  imperfectly  divides 
erectile  tissue  of  the  glans  into  right  and  left  portions,  which,  however,  freely  cotuvnuu 
dorsally.     From  the  septum  trabeculfe  pass  out  in  all  directions  into  the  tissue  of  the  iz  I 

Ijoosely  surrounding  the  corpora  cavernosa  and  the  corpus  Epong:ioa\inL  ia  a  fi\i 
shcnth  containing  numerous  elastic  tissue  fibres.  This  sheath  is  termed  the  fawia  \ 
and  reaches  as  far  as  the  base  of  the  glans,  where  it  becomes  fixed  to  the  floor  o' 
groove  limited  by  the  corona  glaiidis.  In  its  proximal  part  the  sheath  gives  inhorti 
many  of  the  fibres  of  the  bulbo-caveniosus  and  ischio-cavemoaus  muscles. 

Superficial  to  the  fascia  penis  is  a  layer  of  extremely  lax  areolar  ttnauc,  »m\ 
superficial  still  is  a  prolongation  of  the  dartos  muscle  of  the  scrotum  (dartos  peni- 
the  delicate  skin  of  the  penis.  Numerous  sebaceous  glands  are  preseitt  in  the 
especially  on  the  urethral  aspect  of  the  penis. 


Ill  miiii<:  iiKniidiala,  Hiich  as  the  walrus,  dog,  hear,  laboon,  etc,  a  bone  called    the   oa  j 
developwl  in  the  septum  which  iulervenes  between  the  corpora  cavemon. 

Vessels  and  Nerrei  of  the  Penia— The  penis  receivea  its  arterial  supply  btitn  l>ran 
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or  relaxation  of  a  layer  of  muscular  fibres,  constittitiag  the  d&rtos  muscl 
in  the  superficial  faama.  When  this  muscular  layer  is  contracted,  tli 
becomes  smaller  and  somewhat  globular,  and  the  skin  is  thrown  int 
wrinkles  called  rugie ;  when  it  is  relaxed,  the  scrotum  is  flaccid  ami 
and  the  skin  Ijeeomea  more  smooth  and  even.  The  layer  of  fai^cia  m 
tains  tlie  smooth  muscle  fibres  of  the  dartoa  muscle  is  often  spakcu 
tunica  dartos.  It  can  be  shown  to  be  continuous  superiorly  with  the 
fascia  of  the  penis,  and  with  the  deep  layer  of  the  superficial  ias( 
abdomen,  and  to  be  attached  laterally  to  the  bones  forming  the  puliif  a 
muscle  fibres  are  arranged  in  a  thick  layer  of  interlacing  bundles,  ; 
of  the  deeper  fibres  are  continued  into  a  septum  (septum  scroti)  whii 
the  scrotum  into  two  cavities,  one  for  each  testis.  The  wall  of  fai'l 
cavities  is  formed  by  the  corresponding  tunica  vaginalis,  infundibulifi. 
cremasteric  fascia,  abd  intercolumnar  fascia,  while  the  skin,  the 
fascia,  and  the  superficial  part  of  the  dartos  muscle  form  coverings 
common  to  the  whole  scrotum,  and  enclose  both  cavities.  The  lnyer 
immediately  beneath  the  dartos  tunic  is  made  up  of  exceedingly  loose  i 
stretched  areolar  connective  tissue,  and  in  it  as  throughout  in  the  sujverfi 
of  the  scrotum  there  is  an  entire  absence  of  fat. 

The  Bcrotum  iu  tlie  futiis  conlaina  no  tavity,  but,  like  tlie  labia  iiiajora  in  Hit-  1 
compceed  eiititvly  ir!  I'aseular  c:c)iini'i;tive  tisaup. 

vessels  and  Nenres  of  the  Scrotum-— The  ecrolmn  receive*  its  vMciiIfir  siijiji 
auperflcial  pBrineal  brancliBB  of  thp  infornal  pudio  arteries  which  reacb  it  fnun  I 
from  the  ezt«nLsl  padic  branches  of  the  feiuoml  artery  which  reach  its  uppi^r  ami  (in 
The  nerves  of  tlie  scrotum  are  derived  from  the  aQperficial  perineal  branches  of  i 
pudiv,  from  the  perinml  brancli  of  the  Hoiall  uctatie,  and  from  the  ilio-lnKninal  n 
btanchea  from  the  int«rnal  pudic  and  sciatic  nerves  reach  the  scrotum  froni  Ii'Iliik 
ilio-in^iual  supplies  ilH  upper  and  anterior  part.  The  nerve  fibres  fur  the  dartwt  n 
are  believed  to  conic  fmui  the  hypogastric  pleius. 

THE  PENIS. 

The  penis  is  composed  chiedy  of  erectile  tissue,  and  ia  traversed  by 
of  the  urethra.  The  surface  nearest  to  which  the  canal  of  the  uretli 
called  the  under  or  urethral  8ur£i«e  (facies  urethralis) ;  the  opposite  ; 
extensive  aspect  is  the  domun  penis.  The  erectile  tissue  is  for  the  i 
disposed  in  three  longitudinal  columns,  which  in  the  body  of  the  organ  i 
side  by  side,  while  at  the  root  of  the  penis  they  separate  from  one  an< 
become  attached  to  the  triangular  ligament  and  the  pubic  arch.  Two 
masses  of  erectile  tissue,  placed  one  on  each  side  of  the  middle  line,  anti  foi 
dorsum  and  aides  of  the  penis,  are  culled  the  corpora  cavernosa  {cor]>ora  ■ 
penis),  while  the  third,  which  is  called  the  corpus  spongiosum  (corpus  la 
urethrte),  is  situated  mesially  near  the  un^thral  surface.  The  corpus  sjkjii 
the  part  of  the  penis  which  is  traversed  by  the  urethra,  and  it  is  wu 
smaller  than  the  corjxjra  cavernosa  which  form  the  chief  bulk  of  the  oi^'nr 

In  the  hodjr  of  tiie  penis  (corpus  penis)  each  corpus  cavemosum  is  pl.i 
to  the  mesial  plane,  and  pi-esents  a  rounded  surface,  except  when.-  it  is 
by  contact  with  its  fellow  of  the  opposite  side.  The  corpora  cavernosi : 
ated  on  the  anterior  (dorsal)  surface  by  a  shallow  groove,  and  on  the 
(urethral)  aspect  by  a  deeper  and  wider  furrow,  in  which  lies  the  corjius  spr 
(Fig,  839).  Towards  the  distal  end  of  the  penis  the  corpus  sixmgiosum  a 
expand,  and,  spreading  towanis  the  dorsal  surface  of  tlie  oi^dn,  it  foriii!! . 
conical  cap,  the  glans  penis,  which  covers  over  the  bluut  rounded  tiTiiiii 
the  corpora  caverno.sa.  The  prominent  margin  of  the  glans,  culled  ll 
glandiB,  projects  dorsally  and  laterally  beyond  the  extremities  ul'  tin- 
cavernosa.  Like  the  corpus  spongiosum  the  glans  is  traversed  by  tlic 
which  ends  near  the  summit  of  the  glans  in  a  slit-tike  o^^ning  cidl.'d  lli 
ttinartna,  or  extcriml  urethral  orilice.     The  united  corpora  cavernosa  end  u 
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ani  muscle.  The  lateral  surfaces  are  directed  for  the  most  part  outwards,  duwD- 
wards,  and  somewhat  forwards,  and  meet  together  in  front  in  a  rouDded  anterior 
border,  often  called  the  "anterior  Bnr&cs"  (facies  anterior)  of  the  prostate. 
Posteriorly  the  prostate  presents  a  flattened  somewhat  triangular  area,  directed 
backwards  and  downwards  against  the  anterior  wall  of  the  rectum,  from  which  it 
is  separated  by  a  layer  of  the  pelvic  ^iscia.  This  flattened  posteiior  rorlkcfl  (facica 
posterior)  is  separated  on  each  side  from  the  lateral  surface  by  a  rounded  border 
which,  beginning  above  at  the  prominent  lateral  part  of  the  prostate,  ends  beli)W 
at  the  apex  of  the  organ.  The  apex  of  the  prostate  (apex  proatatse)  points  down- 
wards, and  is  in  relation  to  the  compressor  urethrse  muscle,  from  which  it  is  separ- 
ated by  the  pelvic  fascia.  From  the  apex  the  rounded  anterior  border,  whiuh 
separates  the  lateral  surfaces,  passes  upwards  in  the  middle  line  behind  the 
symphysis  pubis  and  retro-pubic  pad  of  fat.  This  border  is  interrupted  in  its  lower 
part  by  the  passage  of  the  urethra. 

When  the  capsule  formed  by  the  pelvic  fascia  is  stripped  off  the  prostate  the 
organ  has  a  more  rounded  outline,  and  the  surfaces  just  described  are  not  »o 
clearly  defined.  The  anterior  border 
may  now  appear  to  be  rather  a  surface 
than  a  border,  and  the  antero-posterior 
diameter  of  the  whole  organ  is  cod- 
siderably  reduced. 

The  urethra  entere  the  proetate 
at  a  point  near  the  middle  of  its  uppt^r 
surface,  and  leaves  it  at  a  point  situated 
on  its  anterior  border,  just  above  and 
in  front  of  the  apex.  As  it  descends, 
the  urethra  describes  a  curve  which  is 
concave  forwards,  and  in  mesial  section 
it  is  seen  to  lie  on  the  whole  nearer 
«  to  the  posterior  surface  than  to  the 
anterior  border  of  the  gland. 

The  common  ejaculatory  ducts,  en- 

F:n.  8*1.— PROBTATE,  Bladder,  akd  Srmuial         tering  a  sllt-like  interval  or  hilum  situ- 
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inwards,  and  forwards,  to  open  into 
the  prostatic  portion  of  the  urethra  very  close  to  one  another.  The  somewhat 
wedge-shaped  portion  of  the  prostate,  which  lies  between  these  ducts  and  tlie 
posterior  aspect  of  the  urethra,  receives  the  name  of  middle  lobe  (lobus  mediux,  Fij;. 
845).  The  base  of  this  middle  lobe  projects  upwards  against  the  bladder,  and  in 
continuous  with  the  part  of  the  bladder  wall  lying  immediately  behind  the  urethral 
orifice.  When  hy]>ertrophied  (as  it  often  is  in  old  people)  the  middle  lobe  of  thi> 
prostate  may  cause  a  considerable  elevation  in  the  cavity  of  the  bladder,  to  which 
the  term  uvula  vesica;  is  applied,  and  which  possesses  considerable  surgical  intercfl. 
The  rest  of  the  prostate  is  described  as  being  composed  of  two  lai^e  lateral  portions 
or  lateral  lobes,  which  are,  however,  not  marked  off  from  one  another  superficially. 

In  front  of  the  prostate,  between  it  and  the  pubis,  is  a  rich  venous  plexus  in  nhk-h 
the  dorsal  vein  of  the  penis  terminates.  This  plexus  is  continued  backwards,  on  each 
side,  round  the  lateral  aspect  of  the  prostate  and  joins  the  large  thin-walled  veins 
which  are  collected  for  the  most  part  in  the  deep  sulcus  between  the  bladder  wall 
and  the  prostate,  and  form  the  prostatico-vesical  plexus.  Most  of  the  veins  forraitig 
this  plexas  lie  prtly  within  and  partly  outside  the  dense  fibrous  capsule  of  the 
prostate,  which  is  derived  from  the  visceral  pelvic  fascia  (Figs.  842  and  84:!). 

The  fibrous  capsole  of  the  prostate  is  formed  by  the  visceral  pelvic  fascia,  and 
closely  invests  the  gland  on  its  lateral  and  posterior  aspects.     Inferiorly  at  llie 


the  sides  of  the  urethra  to  form  a  part  of  the  sphincter  vesicse.  At  a  lower  level 
striped  muscular  tissue,  which  is  continuous  with  the  deep  part  of  the  compressor 
urethras  muscle,  occupies  a  position  in  front  of  the  urethral  canaL 


B  FBOaTATt;,  about  liolf-wm;  between  its  spei  wd  bur. 

The  muscular  tissue  of  the  prostate  may  be  regarded  as  the  thickened  musculnr 
layer  of  the  wall  of  the  urethra,  which  has  become  broken  up  and  invaded  by  thv 
prostatic  glands,  which  arise  and  are  developed  from  the  lining  layer  of  the  canal 
during  embryonic  life. 

In  old  age  the  prostate  frequently  undergoes  an  hypertrophy,  which  may  affect 
chiefly  the  glandular  tissue,  or  the  entire  organ.  Not  infrequently  calcareous  eon- 
cretiooa  are  found  embedded  in  the  prostate. 


Veggelfl  and  Nerves  of  the  ProBtate.— The  prostatu  receivia  its  blood-aupply  from  brain  lies 
of  the  hBmorthoidal  and  inferior  vesical  arterias,  while  the  large  plexus  of  veins  which  eurruucdi 
it,  and  into  which  tliu  veins  of  the  penis  open,  communicates  with  the  Ttdcal  plaxw,  and  drains 
into  the  internal  iliac  veins.  In  old  people  the  veins  of  the  prostatic  plexua  usuallj'  bei^bme 
much  enlarged.     The  nerves  of  the  proalate  are  di^rived  from  thi^  ItypoKumc  plexni. 


COWPER'S  GLANDS. 

Cowper's  glands  (glandulte  bulbo-urethrales)  are  a  pair  of  small  bodies  placed  in 
reliition  to  the  second,  or  membranous,  part  of  the  urethra.  They  are  each  about 
the  size  of  a  pea,  and  are  of  a  yellowish^brown  colour.  Situated  in  the  space 
between  the  two  layers  of  the  triangular  ligament,  they  lie  below  the  level  of  the 
ape.x  of  the  prostate,  and  above  that  of  the  bulb  of  the  corpus  spongiosum  (Fig*- 
844  and  846).  The  gland  is  made  up  of  a  number  of  closely  applied  lobes  or 
lobiiles,  and  is  of  the  compound  racemose  type.  The  ductules  of  each  gland  unite 
to  form  a  single  duct  (ductus  excretorius),  which  pierces  the  bulb  of  the  coipus 
spongiosum,  and,  after  a  relatively  long  course,  ends  by  opening  into  the  spongj' 
portion  of  tlie  urethra  by  a  minute  aperture.  The  secreting  acini  are  lined  l>y 
columnar  epithelium. 

Tlie  glands  receive  their  arterial  supply  from  the  artery  to  the  bulb. 

In  old  age  these  glandu  are  often  diflicnlt  to  find. 


Flu.  815.— Mesial   Sectio.n   of  as   Addw   Male   Pet.vis. 

The  coila  of  the  aniall  iuMstine  niid  of  the  pelvic  colon  which  lay  nithin  the  pelvis  have  ■•era  lifted  out  in  oitlrr 

to  give  a  view  of  the  side  whII  of  the  pelvic  cavity.      11ie  peritoutum  lit  coloured  blue. 

Developnien  tally  the  apougy  portiou  of  the  urethra  has  a  different  origin  from 
the  otlier  subdivisions,  as  it  ie  derived  from 
the  ectodermal  cloacal  fossa,  while  the 
prostatic  and  uiembranouB  portions  owe 
their  origin  to  the  urinogenit&l  canal,— > 
derivative  of  the  endodenual  cloaca. 

Prostatic  Portion  of  the  Urethra.— 
The  prostatic  part  (para  prostatica)  of 
the  urethra  descends  through  the  prostate 
from  the  base  towards  the  apex,  describing 
a  slight  curve  which  ia  concave  forwards. 
It  is  alxiut  one  inch  in  length,  oud  is 
narrower  above  and  below  than  in  its 
middle  portion,  which  is  indeed  the  widest 
part  of  the  whole  urethral  canaL  Ezc^pt 
while  fluid  is  passing,  the  canal  is  collapsed, 
and  the  mucous  membrane  of  the  anterior 
and  posterior  walls  is  in  con  tact, and  thrown 
into  a  series  of  longitudinal  folds.  When 
distended,  the  middle,  or  widest  part  of  tbe 
canal,  may  normally  have  a  diameter  of 
-  about  one-third  of  an  inch.     The  posterior 

wall,  often  termed  the  "  floor  "  of  tbe  pro- 
static urethra,  presents  a  distinct  mesial 
ridge  or  elevation  called  the  erlBta  nrathia 
(crista  urethralis)  or  vonunontsaiuii  (Fig. 
846).  This  projects  forwards  into  the 
uietbm  to  such  an  extent  that  the  canal 
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aspect  becomes  surrounded  by  the  erectile  tissue  of  the  bulb,  but  the  anterior  wall 
remains  uncovered  for  a  distance  of  about  a  quarter  of  an  inch  (Figa.  844  and  845). 
The  wall  of  the  urethra  is  here  very  thin,  and  the  passage  is  mote  readily  dilatable 
than  in  other  parts.  In  this  region  the  urethral  wall  may  readily  be  torn  through, 
if  undue  force  is  used,  or  if  the  handle  is  depressed  too  soon  when  attempting  to 
pass  an  instrument  into  the  narrower  more  fixed  membranous  part  of  the  caitaL 
The  urethra  lies  at  first  in  the  upper  part  of  the  erectile  tissue,  but  as  it  paaeee 
forwards  it  sinks  deeper,  and  comes  to  occupy  the  middle  part  of  the  corpus 
spongiosum  (Fig.  845).  In  the  glans,  on  the  other  hand,  the  erectile  tissue  lies  on 
the  dorsal  and  lateral  aspects  of  the  urethra.  Like  the  other  parts  of  the  urethra 
the  canal  is  closed  except  during  the  passage  of  fluid,  the  closure  being  effected  by 
the  apposition  of  its  dorsal  and  ventral  walls  except  in  the  part  of  the  canal  which 
lies  in  the  gians  penis,  where  the  lateral  walls  of  the  canal  come  into  contact 
(Fig.  847).     Thus    the    lumen  of  the  first   part   of  the   canal,  when   empty,   is 

represented  in  crooi  sec- 
tion by  a  transvetse  slit, 
and  that  of  the  terminal 
part  by  a  vertical  elit. 
The  spongy  part  of  the 
urethra  does  not  present 
a  uniform caUbre  throngh- 
out,  but  is  narrower  in  its 
intermediate  part,  where 
it  traverses  the  corpus 
Fw.  847.-A  LoNoiTDDiNAL  Skhos  01-  THB  Teemihal  PoRTtoN   OP  8poagi<»um.  than  it  is  in 
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the  fossa  navicnlaria  nrethne,  and  opens  on  the  surface  by  the  ver^cally-phtced 
slit-like  external  urethral  oiiflce  (orlficium  urethne  externum),  which  is  bounded 
by  lateral  lips,  and  is  the  narrowest  and  least  dilatable  part  of  the  whole  urethral 
canaL 

The  ducts  of  Cowper's  glands  open  by  very  minute  apertures  in  the  under 
wall  of  the  proximal  part  of  the  spongy  portion  of  the  urethra.  Before  opening 
iato  the  canal,  they  lie  for  some  distance  immediately  beneath  its  mucous  mem- 
brane. A  number  of  httle  pit-like  recesses,  called  the  lactms  nrethialM,  also  open 
into  the  spongy  part  of  the  urethra,  and  are  so  disposed  that  their  openings  lead 
for  the  most  part  obliquely  into  the  canal  in  the  direction  of  its  external  orifice. 

In  BODie  cases  &  somewhat  valve-like  fold  (valvula  foesa  navieularis)  of  the  muooos  metubtstir 
is  found  in  the  upper  wall  of  the  unthra  in  the  region  of  the  fossa  navieularis.  The  fr«e  ed^  uf 
this  fold  ia  directed  towarde  the  external  urethral  orifice,  and  maj  engage  the  point  of  a  fine 
instrument  introduced  into  the  urethra. 

Structure. — The  mucous  membrane  of  the  urethra  contains  numerous  elastic  liliren 
and  varies  in  thickness  in  different  parts  of  the  canal.  In  many  positions  it  aho»a 
distinct  longitudinal  folds  and  also  minute  depressions  or  pits, — the  lacunte  already 
mentioned.  The  lining  epithelium  is  composed  of  many  layers  of  cells,  and  is  continuous 
through  the  internal  urethral  orifice  with  the  epithelium  of  the  bladder,  which  at  first  it 
closely  resembles.  At  the  fossa  navieularis  the  lining  cells,  which  throughout  the  spon^' 
portion  of  the  canal  are  of  a  columnar  type,  become  flat  and  scaly. 

Numerous  minute  glands,  glands  of  Littrd  (glandulie  urethrales)  open  into  the 
urethra.  These  are  most  plentiful  in  the  upper  or  anterior  nail,  but  they  also  uecur  in 
smaller  numbers  in  the  floor  and  side  walls.  They  are  most  numerous  in  the  anterior 
half  of  the  spongy  portion  of  the  canal,  and  in  the  membranous  subdivision  of  the  urctlira. 


the  sides  oi  the  urethra  to  form  a,  part  of  the  Bphmcter  vesicae.  At  a  lower  level 
striped  muscular  tissue,  which  is  continuous  with  the  deep  part  of  the  compressor 
urethne  muscle,  occupies  a  position  in  front  of  the  urethral  canaL 


Km.  843.— Tha.nsv£|(jjh  Section  thkoithu  tub  PBOatATE,  about  hslf-way  between  iu  apex  ud  bwe. 

The  muscular  tissue  of  the  prostate  may  be  regarded  as  the  thickened  musculiir 
layer  of  the  wall  of  the  urethra,  which  has  become  broken  up  and  invaded  by  i\w 
prostatic  glands,  which  arise  and  are  developed  from  the  lining  layer  of  the  canal 
during  embryonic  life. 

In  old  age  the  prostate  frequently  undergoes  an  hypertrophy,  which  may  affect 
chiefly  the  glandular  tissue,  or  the  entire  organ.  Not  infrequently  calcareous  con- 
cretions are  found  embedded  in  the  prostate. 

Vessels  and  Herres  of  the  Prostate.— The  prostata  i-eteivts  ita  blood-aupply  from  Iraix  tu* 
of  the  hnmorrlioid&l  and  inferior  Tenc&l  arteries,  while  the  large  plexus  of  veiua  which  enrrouii<L> 


it,  and  into  wliioh  the  VKins  of  the  ptnia  open,  communicates  with  the  Tedcal  plexu,  and  draina 
into  the  internal  iliac  veins.  In  old  people  the  veina  of  the  proetatic  plexus  nsually  be<'um« 
'    ;nlarge(I.    The  nervta  of  the  proMUite  are  di-rivcd  from  the  hypogaetric  plexu. 


COWPER'S  GLANDS. 

Cowpsr's  glands  (glandulte  bulbo-urethrales)  are  a  pair  of  small  bodies  placed  in 
relation  to  the  second,  or  membranous,  part  of  the  urethra.  They  are  each  about 
the  size  of  a  pea,  and  are  of  a  yellowish -brown  colour.  Situated  in  the  space 
between  the  two  layers  of  the  triangular  ligament,  they  lie  below  the  level  of  the 
apex  of  the  prostate,  and  above  thut  of  the  bulb  of  the  corpus  spongiosum  (Figs. 
844  and  846).  The  gland  is  made  up  of  a  number  of  cloaely  applied  lobes  or 
lobulus,  and  is  of  the  compound  racemose  type.  The  ductules  of  each  gland  unit« 
to  form  a  single  duct  (ductus  excretorius),  which  pierces  the  bulb  of  the  corpus 
sprmgiosum,  and,  after  a  relatively  long  course,  ends  by  opening  into  the  spongy 
portion  of  the  urethra  by  a  minute  aperture.  The  secreting  acini  are  lined  by 
columnar  epithelium. 

The  glandx  receive  their  arterial  supply  from  the  artery  to  the  bulb. 

Iti  old  age  these  glands  are  often  difBcult  h>  find. 


Flu.  816.— Mbsial   Sbction   i 


Thti  coila  of  the  siuall  ii 


Developmentally  the  spougy  portiou  of  the  urethra  has  a  different  origin  from 
the  other  subdivisions,  as  it  is  derived  from 
^j,  the  ectodermal   cloacal  fossa,   while   the 

•B  prostatic   and   membranous  portions  owe 

their  origin  to  the  urinogenit&l  canal,— > 
derivative  of  the  endodermal  cloaca. 
Prostatic  Portion  of  the  Urethra.— 
■"»"  The   prostatic   part    (pars   prostatica)   of 

the  urethra  deBcends  through  the  prostata 
from  the  base  towards  the  apex,  describing 
,.j  a  slight  curve  which  is  concave  forwank 

It   is   about  one  inch  iu  length,  and  ie 
Bti  narrower   above   and    below   than   in  iU 

middle  portion,  which  is  indeed  the  widest 
part  of  the  whole  urethral  canaL  Except 
while  fluid  w  passing,  the  canal  is  collapeet), 
and  the  mucous  membrane  of  the  anterior 
p  and  posterior  walls  is  in  contact.and  thrown 

into  a  series  of  longitudinal  folds.  When 
distended,  the  middle,  or  widest  part  of  the 
canal,  may  normally  have  a  diameter  of 
about  one-third  of  an  inch.  The  poflterior 
wall,  often  termed  th«  "  floor  "  of  the  pro- 
static urethra,  presents  a  distinct  mesisi 
ridge  or  elevation  called  the  crista  nntbn 
(crista  urethralis)  or  vtramontaanin  (Fig- 
846).  Thw  projects  forwards  into  the 
urethra  to  such  an  extent  that  the  canal 
transverse  section  pre-'sents  a  somewhat  crescentic  outline.      In    the  depTM- 


PrU.  811!.— THI  FBOBTATIC,  .yKMBKiSOrS,  AN 
ITfPEB     PORTIIIN     OF     THE    SrOSUI     URE 

opvued  from  in  trotii  arul  above  to  she 
poaterior  wall  or  floor.  The  minute  op 
of  the  comnion  ejntulatory  ducts  sail  the 
or  the  aimu  pociilaris  ire  Hi-cn  u|>oa  the 


aspect  becomes  surrounded  by  the  erectile  tissue  of  the  bulb,  but  the  auterior  wall 
remains  uncovered  for  a  distance  of  about  a  quarter  of  an  inch  (Figs.  844  and  845). 
The  wall  of  the  urethra  is  here  very  thin,  and  the  passage  is  more  reatUy  dilatable 
than  in  other  parts.  Id  this  region  the  urethral  wall  may  readily  be  torn  through, 
if  uudue  force  is  used,  or  if  the  handle  is  depressed  too  soon  when  attempting  to 
pass  an  instrument  into  the  narrower  more  fixed  membranous  part  of  the  canaL 
The  urethra  lies  at  first  in  the  upper  part  of  the  erectile  tissue,  but  as  it  passes 
forwards  it  sinks  deeper,  and  comes  to  occupy  the  middle  part  of  the  corpus 
spongiosum  (Fig.  845).  In  the  glaus,  on  the  other  hand,  the  erectile  tissue  lies  on 
the  dorsal  and  lateral  aspects  of  the  urethra.  Like  the  other  parts  of  the  urethra 
the  canal  is  closed  except  during  the  passage  of  fluid,  the  closure  being  effected  by 
the  apposition  of  its  dorsal  and  ventral  walls  except  in  the  part  of  the  canal  which 
lies  in  the  glons  penis,  where  the  lateral  walls  of  the  canal  come  into  contact 
(Fig,  847).     Thus    the    lumen  of  the  first  part   of  the  canal,  when   empty,   is 

represented  in  crom  sec- 
tion by  a  tiansverBe  slit, 
and  that  of  the  terminal 
part  by  a  vertioal  sUt. 
The  spongy  part  of  the 
urethra  does  not  preseot 
a  uniform  calibre  through- 
out, hut  is  narrower  in  its 
intermediate  part,  where 
it   traverses    the    corpus 

F.O.  847— A  LoNomiDmAi.  SiimoN  of  tm  Tuuiisai  Portion  of  apODgi<»lim,  than  it  U  in 
THi  Penis,  and  *  Transvbmi  Ssctiok  thbocoh  thi  Boot  of  those  portions  of  its  course 
THB  obqan.  which  are  surrounded  by 

the  bulb  and  the  glans. 
The  terminal  dilated  part 
of  the  passage  is  termed 
the  foBsa  navicnlaiiB  orathnB,  and  opens  on  the  surface  by  the  vertically-plac^ 
slit-like  external  nrethial  orifice  (orificium  urethrse  externum),  which  is  bounded 
by  lateral  lips,  and  is  the  narrowest  and  least  dilatable  part  of  the  whole  urethral 
canaL 

The  ducts  of  Cowper's  glands  open  by  very  minute  apertures  in  the  under 
wall  of  the  proximal  part  of  the  spongy  portion  of  the  urethra.  Before  opening 
iuto  the  canal,  they  lie  for  some  distance  immediately  beneath  its  mucous  mem- 
brane. A  number  of  little  pit-like  recesses,  called  the  lacuna  nrethialeB,  also  open 
into  the  spongy  part  of  the  urethra,  and  are  so  disposed  that  their  openioga  lead 
for  the  most  part  obliquely  into  the  canal  in  the  direction  of  ita  external  orifice. 

In  some  caaes  a  somewhat  yalve-like  fold  fTalvula  foeaa  naTiculEuis)  of  the  mucous  meuibraiii^ 
is  found  in  the  upper  wall  of  the  urethra  in  tne  region  of  the  foesa  naviculAris.  The  five  edge  i>f 
this  fold  is  directed  towanls  the  eitemal  urethnu  orifice,  and  may  engage  the  point  of  a  Aif^ 
instrument  introduced  into  the  urethia. 

Structure. — The  mucous  membrane  of  the  urethra  coutains  numerous  elastic  fibres 
and  varies  in  thickness  in  difTercut  parts  of  the  canal.  In  many  positions  it  shovt 
distinct  longitudinal  folds  and  also  minute  depressions  or  pits, — the  lacunie  alreiuly 
mentioned.  The  lining  epithelium  is  composed  of  many  layers  of  cells,  and  is  coutiuuouf 
through  the  internal  urethral  orifice  with  the  epithelium  of  the  bladder,  which  at  first  it 
closely  resembles.  At  the  fosea  navicularis  the  lining  cells,  which  throughout  the  spon^' 
portion  of  the  canal  are  of  a  columnar  type,  become  flat  and  scaly. 

Numerous  minute  glands,  glands  of  Littr^  (glandulie  urethrales)  o|)Oii  into  the 
urethra.  These  are  most  plentiful  in  the  upper  or  anterior  wall,  but  they  also  occur  in 
smaller  numbeia  in  the  Huor  and  bide  walls.  They  are  most  numerous  in  the  auterior 
half  of  the  spongy  portion  of  the  canal,  and  in  the  membranous  subdivision  of  the  uivthra. 

The  lai^or  glands  are  deeply  placed  beneath  the  mucous  coat,  and  conimunicat*;  with 
""  "       '     '  '      '        ' "       ■      '       '  '         '    '  ducte.     The  smaller  glauda  lie  m 
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the  ultras  is  much  locliaed  towards  tlie  right  side  of  the  body  the  left  ovarj-  Iiob  its  long  a. 
directed  obliquely  downwards  and  inwards,  tlic  riglit  glaiKl  remaining  vertical 


Flu.  819, — Smi  Wall  of  the  Fenal.k  Pblvu,  abowiug  the  ponition  of  the  ovary  and  its  relation  to  the 
FBllopioD  tnbe.  The  pelvis  hua  been  cut  in  section  pamtlcl  to.  but  at  some  disUince  from,  the  mesial 
plane.      Drawn  from  s  specimen  in  the  Anntomicnl  Departmenl,  Trinity  College,  Dublin. 

ConnexionB  of  the  Ovary. — When  the  ovary  is  in  position  a  small  somewhat 
triangular  peritoneal  fold  pasaea  upwards  from  its  upper  pole,  and  becomes  lost  in 


—A,  Ths  Utbrdb  i 


BEHIND  (the  broad  ligament  has  been 
I  nil  ligament  of  the  right  sidt^  cut  aboit. 


the  peritoneum  covering  the  external  iliac  vessels  and  the  psoas  muscle  (Fig.  849). 
This  fold  has  received  the  name  of  suBpensoir  ligament  of  the  ovary  (or  ovario- 


nerves  aa  they  pass  down  into  the  pelvis  to  reach  the  hilum  of  the  ovttrj-.  The 
vessek  and  nerves  eotering  the  ovarj  along  its  anterior  border  are  enclosed  in  a 
sheath  of  peritoneum  derived  from  the  posterior  layer  of  the  broad  ligament.  la 
this  way  the  ovary  b  connected  along  the  whole  length  of  its  anterior  border  by  a 
very  short  mesentery,  or  meaovarium,  to  the  posterior  aspect  of  the  broad  ligament 
(Fig.  850).  The  lower  pole  of  the  ovary  is  connected  with  the  lateral  angle  of  the 
uterus  by  a  ligament  called  the  ligament  of  the  ovary  (ligumentum  ovarii  proprium). 
This  has  the  form  of  a  rounded  cord  enclosed  between  the  peritoneal  folds  of  the 
broad  ligament,  and  is  attached  to  the  uterus,  behind  and  below  the  point  of 
entrance  of  the  Fallopian  tube.  It  is  chiefly  composed  of  smooth  muscle  fibres 
continuous  with  those  of  the  uterua  The  upper  pole  of  the  ovary  is  uBuolly 
directly  connected  with  one  of  the  largest  of  the  fimbriae  surrounding  the 
abdominal  end  of  the  Fallopian  tube,  which  receives  the  name  ovarian  flmbria  uf 
the  tube  (Fig.  850). 

Descent  of  the  Oraiy. — Like  the  testes,  the  ovaries  at  first  lie  iu  the  abdominal 
cavity,  and  only  later  asaume  a  lower  position.  At  birth  the  ovary  lies  partly  in  tbe 
abdominal,  and  partly  in  the  pelvic  cavity ;  soon,  however,  it  takes  up  a  position  entire); 
within  the  pclvia.  As  in  the  male  a  gnbernaculum  is  present  iti  the  early  stages  of 
development.  The  ligament  of  the  ovary  represonte  the  upper  part  of  the  gubemaculum 
which  is  developed  within  the  plica  testis  inferior  in  the  male,  and  the  round  ligament  of 
the  uterus  represents  the  lower  part,  which  is  formed  withio  the  plica  inguinalis  (see  p.  1  Iti.'O. 
It  is  a  rare  abnormality  for  the  ovary,  instead  of  entering  the  pelvis,  to  take  a  course  similar 
to  that  of  the  testis,  and  pass  through  the  inguinal  canal  into  the  tissue  of  the  labium  maju». 

Structure  of  the  Ovary. — The  ovary  is  for  the  most  part  composed  of  a  conncctivf 
tissue  stroma  (stroma  ovarii),  richly  supplied  by  blood-vessels  and  nerves.  The  stroma 
contains  very  numerous  spindle-shaped  connective  tissue  fibres,  and  some  elastic  tissue. 
The  surface  of  the  ovary  is  covered  by  a  layer  of  epithelium,  which  is  composed  uf 
columnar  cubical  cells,  and  is  continuous  with  the  epithelium  of  the  peritoneum 
forming  the  mesovarium.  The  ovarian  epithelium  is  a  peraiHtent  portion  of  tb* 
germinal  epithelium  of  the  embryo  which  covers  the  genital  ridges,  and  from  which  the 
ova  and  other  cells  of  the  Graafian  follicles  are  derived.  The  position  i[i  which  it  be- 
comes continuous  with  the  peritoneum  can  uBually  be  distiuguished  as  a  fine  white  line 
near  the  hilum  of  the  ovary.  Shining  through  the  epithelium  of  the  fresh  ovary  {exce|il 
in  old  i4;e),  are  usually  to  be  seen  a  variable  number  of  small  vesicles — the  OraaAU 
follicles  (folliculi  oophori  vesiculoai),  in  which  the  ova  are  contained.  The  nnmlier  <>f 
follicles  visible,  and  also  the  size  which  each  follicle  reaches  before  it  ruptures  and  she"i= 
its  contents,  is  by  no  means  constant.  When  a  follicle  ruptures  and  discharges  tlie  oviiiii 
its  walls  at  first  collapse,  but  later  the  cavity  becomes  filled  with  citravaHntcd  blooti  W 
cellular  tissue  of  a  yellowish  colour.  The  resulting  structure,  called  a  corpiu  InteniiL 
slowly  degenerates  unless  impregnation  has  taken  place,  in  which  case  it  develops  awi 
becomes  larger  during  pregnancy.  As  it  atrophies  the  cells  of  the  corpus  hitcum 
disappear,  and  the  structure,  losing  its  yellow  colour,  receives  the  name  of  corpus  slbicaU- 
After  a  time  the  eoipus  albicans  completely  disappears.  Owing  to  the  periodic  nipturi' 
of  tlie  (.iraafinn  follicles,  the  surface  of  the  ovary,  which  is  at  first  smooth  aud  cvpu, 
becomes  in  old  age  dimpled  and  puckered. 

A  section  through  the  ovary,  especially  in  young  children,  presents  in  its  Bupertical 
part  a  somewhat  granular  appearance,  which  is  due  to  the  presence  of  enormous  nuuilx'rs 
of  small  follicles,  or  collections  of  epithelial  cells,  embedded  in  the  connective  tis-m' 
uear  the  surface  of  the  ovary.  The  larger  follicles  lie  deeper  in  the  8tn)ma,  hut  «li<-ii 
they  become  fully  developed  they  pass  towards  the  surface,  where  the  ripe  follicles  an" 
often  seen  slightly  projecting  and  ready  to  bui-st.  In  the  deepest  part  of  the  ovary  llie 
blood-vessels  are  most  numerous,  and  here  also  some  smooth  muscle  fibres  are  to  be  fniiaJ- 

The  ova  and  tlit'  other  cells  that  compose  the  Graafian  follicles  are  derived  origiiiallv 
from  the  germinal  epithelium  which  covers  the  developing  ovary  in  the  embryo.  Th* 
epithelium,  at  first  simple,  grows  down  into  the  underlying  tissue  in  the  form  of  brancliii)? 
tulw-like  processes,  or  "egi^  tubes."  This  takes  plnee  during  foetal  development,  and  the 
branching  cellular  pmct'Hses  so  formed  become  broken  up,  within  the  stroma,  into  little 
nests  or  clumps  of  cells,  each  of  which  becomes  a  Graalian  follicla  From  the  bepinnini: 
'me  cells  of  the  egg  tubes  are  larger  than  the  others;  these  become  the  future  <i\a 


at  firat  flattened,  form  a  aingle  layer  round  each  ovum.  Later  becoming  columnar,  as  thfi 
fdllicle  increases  io  aize  and  sinka  more  deeply  in  the  stroma,  these  cells  divide  in  such  a 
manner  that  the  orum  becomes  surrouiiijed  by  a  double  layer  of  cells.  Fluid — lienor 
toUicnli — ftccnmulatea  between  the  two  cellular  layers,  eicept  at  one  place  where  the 
inner  cells  surrounding  the  ovum  remain  attached  to  the  outer  layer  or  stratnm  grann- 
loflQin.  To  tlie  inner  cellular  mass  enclosing  the  ovum  (ovulum)  the  term  discns 
proligsnis  (cumulus  oophorus)  is  applied  (Pig.  SfA).     The  ripe  follicle  contains  a  rela- 


fvi.  851. — A.  DUORAHMATIC  KEPBEaSKTATIDN  OF  Tl 
DURINQ  THI  DiVBLOFUENT  liV  TBK  OVAKT. 
GlUAFIAK  FOIXICT^. 

tivety  large  amount  of  fluid,  and  the  surroimding  stroma  becomes  differentiated  to  form 
for  each  a  capsule  (theca  folliculi).  This  capsule  is  composed  of  &n  inner  more  vaseular 
layer  (tunica  interna),  and  an  outer  more  fibrout  layer  (tunica  eitema).  There  is 
reason  to  believe  that  iu  the  human  embryo  the  formation  of  ova  and  follicles  ceases  at 
birth,  and  that  the  appearances  which  have  led  to  the  belief  that  they  may  originate 
during  the  flrst  years  of  extrauterine  life  have  been  due  to  pathological  conditions.  In 
the  young  child  there  are  enormous  numbers  of  small  follicles  in  the  superficial  parts  of 
the  ovary,  but  in  old  age  none  are  found  in  this  situation. 

The  appearance  and  structure  of  the  ripe  ova  have  been  described  on  p.  10. 

TwmIb  and  Nerres  of  tlie  Ovaiy.^The  ovarian  arterieE,  curn^punding  to  the  spermatic 
arteries  of  the  male,  are  a  pair  of  long  itlender  vessels  which  spring  from  the  anterior  aajiect  of 
the  aorta,  below  the  level  of  origin  of  the  renal  vessels.     Eauh  gains  the  pelvis  in  the  fold  of 

Kritoneum  forming  the  sugpensory  ligament  of  the  ovary,  and  enters  the  ovary  at  its  anterior 
rder  or  hiluni.  These  ovarian  arteries  anastomose  freely  near  the  hiluiii  with  other  vessels 
derived  from  the  nterins  artsrioa.  The  blood  Lt  relumed  by  a  series  of  conimunicatiug  veins, 
similar  to  the  pampinifonn  plezos  in  the  male.  The  nerves  of  the  ovary  are  deriveil  chieHy 
from  a  plexus  which  accompanies  the  ovarian  artery,  and  which  is  continuous  almve  with  the  renal 
plexua,  Other  fibres  are  derived  from  the  lower  part  of  the  aortic  plexus,  and  join  the  plexus 
on  the  ovarian  artery  (plexus  arteriie  ovaries).  The  afferent  impulses  from  the  ovary  reach  the 
central  nervous  system  through  the  posterior  root  fibres  of  tno  tenth  thoracic  nerve.  The 
lymphatici  of  the  ovary  join  with  tho»c  front  the  upper  part  of  the  uterus,  and  end  in  the 
lumbar  lymphatic  glands. 

THE  FALLOPIAN  TUBES. 

The  Fallotrian  tnbes  (tubee  uterina;)  are  a  pair  of  ducta  or  poasages  which  convey 
the  ova,  discharged  from  the  Graafian  follicles  of  the  ovaries,  to  the  cavity  of  the 
uterus.  Each  tube  is  about  four  and  a  quarter  inches  in  length,  and  opens  at  one 
f.nd  into  the  pelvic  cavity  near  the  ovary,  and  at  the  other  end  by  a  Binaller  opening 
into  the  lateral  part  of  the  uterine  cavity.  The  tube  is  enclosed  in  a  fold  of  peri- 
toneum called  the  meBOBalphinx,  which  is  a  portion  of  the  broad  ligament  of  the 
uterus. 

The  opening  of  the  tube  into  the  pelvic  cavity — or  ostium  abdomiiuile^is  ol' 
small  size,  being  only  about  2  mm.  in  diameter  when  its  walls  are  relaxed,  and 


its  lower  eud,  tapering  xomewhat,  enters  the  upper  part  of  the  vagina.  The  cemx  is 
attached  to  the  margin  of  the  opening  in  the  vaginal  wall,  through  which  it  passes, 
and  in  this  way  a  supravajiinal  portion  (portio  supravaginal  is)  is  marked  off  from  a 
vaginal  portion  (portio  vaginalis)  of  the  cervix.  In  the  vagina!  portion  of  the  cervix 
there  is  an  opening— the  eiteniftloBntari(orificium  externum  uteri)^through  which 
the  cavity  of  the  uterus  communicatea  with  that  of  the  v^ina.  In  the  uterus  which 
has  never  been  pregnant  this  opening  is  nearly  circular,  but  in  women  who  have 
borne  children  it  is  usually  a  transverse  slit  with  a  somewhat  irregular  outline.  In 
front  of  and  behind  this  opening  the  cervix  forms  two  lips,  an  anterior  and  a 
posterior  (labium  anterius  et  labium  posterius).  The  anterior  Up  is  thicker,  and 
slightly  more  rounded ;  it  is  placed  upon  a  lower  level  than  the  posterior  Up,  which 
is  sUghtly  longer  and  thin'taer  The  cervix  enters  the  vagina  through  the  upper 
part  of  its  anterior  waU  in  such  a  manner  that  the  external  oe  uteri  is  directed 
backwards  and  downwards  against  the  upper  part  of  the  posterior  vaginal  wall 
(Fig.  853). 

•  Fsmvirinni  l.i^iitrnt  Lsl«nl  uigla 

F»IHj1.I«ii  tub*  1     OvBry     ofovBrjr  Uterun  n  otutini. 


A  B 

Fill.  852. — A.  The  Uterds  and  Bkoad  Liiahknt  hckn  fhi'SI  uehind  (tbe  broad  JignincDt  hu  lata 

spreaJ  out). 

a,  b,  and  c,  the  istbrnns  tuba,  the  liganiBat  oS  the  oYsry,  tad  tbe  lound  IlgBiDBiit  of  the  right  iMe  cut  nhort. 

B.    DiAUIUHHATIC    ItEPnESGNTATION   OF  THE    UTERINE  CaVITI  OPENED  UP   KRUH   IN    KRONT. 

Cavity  of  the  Uterus.— In  comparison  with  the  size  of  the  organ,  the  cavity  o) 
the  uterus  (cavum  uteri)  is  of  small  size  owing  to  the  great  thickness  of  the  uterine 
wall.  In  the  body,  or  corpus  uteri,  the  cavity  is  merely  a  narrow  chink  between  the 
anterior  and  posterior  walls,  which  are  almost  in  contact  (Fig.  853).  When,  how- 
ever, the  organ  is  opened  from  above  downwards  in  coronal  section  the  cavity  of 
the  body  has  a  triangular  outline  (Fig.  852).  The  base  of  the  triangle  is  directed 
upwards,  and  corresponds  to  a  line  drawn  between  the  openings  of  the  Fallopiun 
tubes,  while  the  apex  is  directed  downwards  towards  the  cervix.  The  sides  of  the 
triangle  are  convex  inwards  towards  the  cavity.  The  cavity  of  the  body  becomes 
continuous  with  that  of  the  neck,  or  cervix,  by  an  opening  called  the  imtanal  m 
uteri  (orilicium  internum  uteri),  which  is  a  Uttle  smaller  and  more  circular  than 
the  external  os  uteri.  The  cavity  of  the  cervix,  or  corvical  cuud  (canahs  cervicis 
uteri),  extends  from  the  internal  os  uteri,  where  it  joins  the  cavity  of  the  body,  tu 
the  external  os  uteri,  where  it  opens  into  the  vagina.  It  is  a  somewhat  spindle- 
shaped  passage,  which  is  narrower  above  and  below  than  in  its  middle  part ;  alsn 
sections  show  that  its  antero-posterior  diameter  is  shorter  than  its  transverse  one, 
owing  to  an  approximation  of  its  anterior  and  posterior  walls.  Iti  the  body  of  the 
uterus  the  wails  of  tbe  cavity  are  smooth  and  even,  but  in  the  cervical  canal  the 
mucous  membrane  forms  a  remarkable  series  of  folds,  caUed  the  arbor  Tit«  at«tina 
or  plicffi  palmatsB.  These  consist  of  an  anterior  and  a  posterior  longitudinaUy, 
directed  fold  or  ridge,  from  which  a  lai^  number  of  secondary  folds,  or  mgat, 
branch  off  obliquely  upwards  and  outwards  (Fig.  852). 


THE  UTERUS.  1189 

Connexions  of  the  Uterus  and  its  Kelations  to  the  Peritoneum.— In  addition 
to  the  Fallopian  tubes  at  its  upper  lateral  angles,  and  the  vagina  below,  the  uterus 
l)os6e8se8  other  important  connexions.  Some  of  these  are  simply  peritoneal  folds 
passing  from  the  uterus  to  neighbouring  structures;  others  contain  fibrous  con- 
nective tissue,  or  smooth  muscle  fibres. 

The  peritoneum  covering  the  fundus  of  the  uterus  is  continued  down  over  the 
anterior  surface  as  far  as  the  junction  of  the  body  and  cervix,  where  it  leaves  the 
uterus  to  be  reflected  on  to  the  bladder,  forming  the  ntero-vesical  fold,  or  "  anterior 
ligament  of  the  uterus."  The  peritoneal  recess  between  the  bladder  and  the  uterus 
is  called  the  utero- vesical  pouch  (excavatio  vesico-uterina).  Below  the  level  of  the 
floor  of  this  pouch  the  anterior  aspect  of  the  cervix  is  connected  by  loose  tissue 
with  the  posterior,  or  basal,  part  of  the  bladder.  Posteriorly  the  peritoneum  covers 
the  whole  of  the  uterus,  except  the  small  portion  of  the  cervix  which  projects  into 
the  upper  part  of  the  vagina.  The  peritoneum  covering  the  posterior  surface  of 
the  uterus  is  continued  to  such  a  depth  that  it  invests  a  small  portion  of  the  upper 
part  of  the  posterior  wall  of  the  vagina  before  it  is  reflected  on  to  the  rectum, 
to  form  the  recto-vaginal  fold  (Fig.  853).  The  deep  pouch  between  the  uterus  and 
vagina  in  front  and  the  rectum  behind  is  called  the  pouch  of  Douglas  (excavatio 
recto-uterina  or  recto-genital  pouch),  and  its  entrance  is  bounded  on  each  side  by 
a  crescentic  peritoneal  fold,  which  passes  from  the  posterior  surface  of  the  cervix 
uteri  to  the  posterior  wall  of  the  pelvis,  and  ends  near  the  side  of  the  rectum. 
These  crescentic  folds  are  called  the  recto-uterine  folds  (plicse  recto- uterinae,  recto- 
genital  folds),  or  folds  of  Douglas,  and  each  contains  between  its  layers  a  consider- 
able amount  of  fibrous  and  smooth  muscular  tissue.  Some  of  these  fibres,  which 
are  continuous  with  the  uterine  wall,  pass  backwards  to  reach  the  rectum  and 
constitute  the  recto-uterine  muscle  (musculus  recto-uterinus) ;  others,  gaining  an 
attachment  to  the  front  of  the  sacrum,  form  the  utero-sacral  ligament.  In  many 
cases  the  recto-uterine  folds  become  continuous  with  one  another  across  the  middle 
line  behind  the  cervix  uteri,  and  form,  in  this  position,  a  transverse  ridge  termed 
the  torus  uterinus.  The  pouch  of  Douglas,  or  recto-genital  pouch  of  the  female, 
represents  the  recto-vesical,  or  recto-genital  pouch  of  the  male,  and  the  folds  which 
bound  it  laterally,  namely,  the  recto-uterine  folds,  correspond  to  the  sacro-genital 
folds  (sometimes  called  posterior  false  ligaments  of  the  bladder)  in  the  male  sex. 
The  peritoneum  of  the  anterior  and  posterior  surfaces,  leaving  the  uterus  along 
each  lateral  border  to  reach  the  side  wall  of  the  pelvis,  forms  the  broad  ligament 
of  the  uterus. 

The  broad  ligament  (ligamentum  latum  uteri)  is  a  wide  peritoneal  fold  which 
passes  from  the  lateral  border  of  the  uterus  to  the  pelvic  w§ll,  and  contains  between 
its  layers  several  important  structures  (Fig.  852).  The  plane  of  the  inner  part  of 
the  Ugament  is  determined  by  the  position  of  the  uterus.  When  the  uterus  is 
normally  placed,  the  ligament  has  an  anterior  surface  which  looks  downwards  as 
well  as  forwards,  and  a  posterior  one  which  looks  upwards  and  backwards.  Near 
its  attachment  to  the  pelvis  the  ligament  is  placed  more  vertically.  The  free  edge 
of  the  ligament  contains  the  Fallopian  tube,  and  follows  the  course  pursued 
by  that  structure.  Thus,  in  the  undisturbed  condition  of  parts,  it  at  first  passes 
horizontally  outwards  towards  the  lower  end  of  the  ovary,  where  it  ascends 
to  arch  over  the  upper  pole  of  the  ovary  on  its  inner  side.  Owing  to  the  course 
pursued  by  the  Fallopian  tube  round  the  ovary,  the  ^road  ligament  forms  a  kind 
of  curtain  over  the  gland,  and  the  ovary  lies  in  a  little  pocket  formed  by  the  broad 
ligament,  to  which  the  name  of  bursa  ovarii  is  applied  (Figs.  848  and  849).  This 
bursa  ovarii  is  not  to  be  confused  with  the  fossa  ovarica,  or  depression  on  the  side 
wall  of  the  pelvis,  against  which  the  ovary  is  usually  placed. 

The  various  structures  in  connexion  with  the  broad  ligament  are  most  easily 
demonstrated  when  the  ligament  is  spread  out  as  flat  as  possible. 

The  ovary  is  connected  with  the  posterior  layer  of  the  broad  ligament  by  a 
very  short  mesentery,  called  the  mesovarium,  which,  passing  to  the  hilum,  encloses 
the  ovarian  vessels  and  nerves  as  they  reach  the  ovary.  The  part  of  the  broad 
ligament  which  slings  the  Fallopian  tube  is  called  the  mesosalpinx.  When  the 
ligament  is  spread  out,  the  mesosalpinx  has  the  form  of  a  narrow  triangle,  the 
80  a 


Has  never  been  pregnant. 

In  old  age  the  uterine  wall  beoomeB  harder  and  has  a  paler  colour  than  it 
possesses  in  the  young  subject. 

T&ruttions. — la  rare  cases  the  uterus  may  be  divided  by  a  septum  into  two  distinct  cavities, 
or  its  lateral  angles  may  be  produced  into  straight  or  curved  processes,  called  "horns"  or  comua. 
The  latter  abnormality  recatla  the  appearance  of  the  bicomuate  uteri  of  some  animals.  Both  the 
above  conditions  arise  from  an  arrest  in  the  fusion  of  the  two  separate  tubes — the  Miillerian 
ducts — which  normally  unite  to  foroi  the  uterus. 

Periodic  Changes  in  the  Uterine  Wall — At  each  menstrual  period  a  remark- 
able series  of  changes  occurs  which  results  in  a  periodic  shedding  of  the  super- 
ficial parts  of  the  uterine  mucous  membrane.  For  a  few  days  before  menstruation 
begins,  the  mucous  membrane  gradually  thickens  and  becomes  more  vascular,  while 
at  the  same  time  its  surface  becomes  uneven.  Soon  the  superficial  parts  of  the 
mucous  membrane  disintegrate  and  hcemorrhage  takes  place  from  the  small  super- 
ficial blood-vessels.  In  this  way  a  hsemorrhagic  discbarge  is  caused,  and  the 
superficial  parts  of  the  uterine  mucous  membrane  are  shed  at  each  period.  When 
menstruation  is  over  the  mucous  membrane  is  rapidly  regenerated. 

Pregnant  Utems. — ^The  pregnant  uterus  increases  rapidly  in  size  and  weight. 
so  that  i'rom  being  three  inches  in  length  and  one  ounce  in  weight,  it  becomes  by 
the  eighth  month  about  seven  or  eight  inches  in  length  and  sometimes  as  much 
as  two  pounds  in  weight.  In  shape  the  uterus  is  now  oval  or  rounded,  with  a  thick 
wall  composed  chiefly  of  muscle  fibres  arranged  in  distinct  layers.  The  rounded 
fundus  is  very  prominent.  The  round  ligaments  are  stronger  and  l>ett«r  marked, 
and  the  layers  of  the  broad  ligament  become  separ.ited  in  their  inner  parts  by  the 
growth  of  the  uterus  between  them.  The  blood-vessels,  eaiiecially  the  arteries,  are 
very  large  and  tortuous.  The  changes  which  occur  in  the  mucous  membrane  of 
the  pregnant  uterus  are  intimately  connected  with  the  manner  in  which  the 
developing  fcetus  receives  its  nutrition,  and  have  been  noticed  on  p.  53. 

Vesaala  and  Nerves  of  the  Utanu.— Tlie  uterus  n;w;ive8  its  arterial  stipply  from  the 
Qteriae  arteries,  which  are  branches  of  the  internal  iliac  arteries,  and  also  from  the  ovuian  uteriM, 
branches  of  the  aorta.  The  ve^aels  derived  from  these  two  sourcee  communicate  freely  with  one 
another.  Each  uterine  arttry,  reaching  the  side  of  the  lower  part  of  the  uterus,  divides  into  a 
large  blanch  which  passes  upwards  to  supply  the  body  and  fundus,  and  a  much  smaller  branch 
which  pibucs  downwards  to  supply  the  c^^rvix.  The  ve!<sets  distributed  to  the  body  and  fundua 
have  an  exceedingly  tortuoua  course.  The  branches  of  the  uterine  artery,  having  euUTrd  the 
muscular  coat,  break  up  within  its  deeper  iayera  into  smaller  twies  which  supply  the  muscalar 
tissue  and  the  mucous  coat  The  smalt  uterine  branch  from  the  ovarian  artery  reachm  the 
uterus  in  the  region  of  the  lateral  angle.  During  pregnancy  the  arteries  become  cnomiom-ly 
enlarged. 

The  thin-walled  veins  form  a  plexus  which  iioiira  it^  blood  into  the  tribularie>'  of  the  internal 

The  nervet  of  the  uterus  are  derived  chieQy  from  a  plexus  placed  in  the  neighbourhood  of 
the  cervix  uteri,  u!  which  the  term  cervicaS  ganglion  or  plezuB  ntero-vaginalis  is  appUt^l. 
Superiorly  tliia  plexus  is  continuous  with  the  hypogastric  plexus,  but  it  also  receives  fibn^ri  fTi.>ia 
the  third  and  fourth  sacral  nerves.  In  addition  to  6bres  from  the  plexus  utero-vacinalis,  thr 
uterus  receives  fibres  directly  from  the  bypogaatric  plexna,  and  also  from  the  veciad  plexu. 

Clinical  observations  indicate  that  afferent  impulses  reach  the  central  nervous  system  from  the 
uterus  through  the  posterior  roots  of  the  tenth,  eleventh,  and  twelfth  thoracic  nerves,  the  fin>t 
lumbar,  and  the  second,  third,  and  fourtli  sacral  nervi^ 

The  numerous  lymphatic  vessels  coming  from  the  bodv  of  the  uterus  join  those  from  the  ovary 
and  end  for  the  moat  part  in  the  lumbar  lymphatic  glands.  Aloug  the  course  of  the  Tuun<l 
ligament  of  the  uterus  there  are  a  few  lymphatic  vessels  which  establish  a  connexion  between  the 
lymphatic  network  aumiunding  the  utenis  and  the  ingtiinal  lymphatic  glands.  The 
lymphatics  from   the  cervix  uteri  end  in  the  gland  placed  near  the  bifurcation  of  the 


THK    VAOJNA. 

The  vagina  is  a  passage  about  three  inches  in  length,  open  at  its  lower 
end,  and  coramuoicatiug  above  with  the  cavity  of  the  uterus.  The  passage  is 
directed  downwards  and  forwards,  describing  a  shght  curve  which  is  convex  back- 
wards.    The  axis  of  the  vagina  forms  with  that  of  the   uterus  an  angle  which  ia 


joining  the  inner  surfaces  of  the  labia  majora.     In  the  young  subject,  a  slightly 
raised  transverse  fold  is  usually  seen  connecting  the  posterior  ends  of  the  labia 

minora;  to  this 
fold  the  term  frann- 
Inm  (frenulum 
labiorum  puden- 
di),  or  foarc]istt«, 
is  applied.  Traced 
forwards,  each 
labium  miaus 
divides  into  two 
portions,  an  outer 
'  and  an  inner.   The 

outer  portions  of 
^  the  tnolabia  unite 

"  over   the   glans 

cUtoridiB,and  form 
a  fold  or  covering 
for  it,  called  the 
pnepntlnm  clito- 
ridia.  The  inner 
portions,  uniting 
at  an  acute  angle, 
join  the  glans  and 
form  the  fresnlttm 
clitoridis.  The 
skin  of  the  lahia 
minora  resembles 
the  integument  on 
the  inner  or  deep 
surface  of  thelabia 
majora,  being 
smooth,  moiBt,and 
pink  in  colour. 
The  inner  sur- 
Fi(j.  855.— FEMiLB  Extehnal  Qf.sital  Omuabb.  faces  of  the  labia 

The  faiirchitttc  i*  seen  stretcliing  icroM  liebitid  tlie  fosw  onvkularia  and  iu  front  ot  minora  are  in  COn- 
Ihe  jiosterior  coniin insure.  Tlie  ducts  of  Bsrtliolin's  glnuits  op«ii  in  the  inl*n'«ls  .1  aritli  nnn  on 
bttween  the  vagin«l  oriUee  ond  the  inner  edges  of  the  Inbi.  ininorm.  "7''  *"■"  V'"'  '^°' 

other ;  their  outer 
surfaces  are  applied  against  the  inner  aspects  of  the  labia  majora. 

The  openings  of  the  urethra  and  vagina  are  placed  in  the  middle  line,  in  the 
interval  between  the  labia  minora,  which  must  be  separated  to  bring  them  into 
view. 

The  Testilnile  (vestibulum  vaginie)  is  the  name  applied  to  the  cleft  that  Uee 
between  the  labia  minora  and  behind  the  glans  clitoridia  In  its  floor  are  the 
openings  of  the  urethra,  the  vagina  and  the  minute  ducts  of  Bartholin's  glands. 

The  fossa  naricnlaris  is  the  part  of  the  vestibule  placed  behind  the  vaginal 
opening  and  in  front  of  the  fourchette. 

The  external  oiethral  orifice  lies  immediately  in  front  of  that  of  the  vagina,  and 
is  about  one  inch  behind  the  glans  clitoridis.  The  opening  has  the  appearance  of 
a  vertical  slit,  or  of  an  inverted  V-shaped  cleft,  the  slightly  prominent  margins  of 
which  are  in  contact.  On  each  side  of  the  urethral  orifice  there  may  sometimes  be 
seen  the  minute  opening  of  the  para-urethral  duct  (see  page  1158). 

The  vaginal  opening  (ori^cium  vaginae)  lies  further  back  and  below  the  orifice 
of  the  urethra.  The  app(;arance  of  the  opening  varies  with  the  condition  of  the 
hymes— a  membrane  which  in  the  young  subject  partly  closes  the  aperture.  When 
the  hymen  is  intact  the  opening  is  smaU,  and  is  only  seen  when  the  membrane  is 


resemble  the  corpora  cavernosa  ]>enis,  while  the  glans  more  closely  resembles  the 
bulbuB  vestibuli,  wiili  which  it  is  continuous  through  a  structure  koowD  as  the 
para  intermedia. 

In  tlie  seal  and  some  otlifv  auiiiial^,  a  hcnta,  whicli  rt^iiresvnts  ibe  oo  pciiia  of  tlie  iiialr,  i^ 
developed  iu  tht  sf  ptiim  of  tlie  cliEotiB.     'Diis  Ixine  retieiveg  the  name  M  clitoridu. 

Arteriw  asd  Nerves  of  the  Olitoris. — Each  <rus  tvceivea  a  branch  (arterla  jirofuixla  clilo* 
ridia]  from  tlie.  internal  pudic  &Tt«T7,  wliili:  the  glans  is  supplied  by  branches  of  the  doml  arterial 
of  the  clitoris  (arteriie  duiiialis  clitoridis).  Tlie  nerve  Biipply  of  the  clitoris  is  derived  jiartly  fmiii 
the  hTpOKastric  ayrnpatlietic  plexus  and  partly  from  the  dorsal  asirSB  of  the  clitoris. 

Bolbos  Veatibiili. — The  bulbus  vestibuli  is  a  mass  of  erectile  tissue,  in  the 
female,  which  corresponds  developnientally  to  the  corpus  spongiosum  urethra;  of 
the  male.  In  the  female  the  fusion  of  the  two  halves  of  this  structure  is  not 
nearly  so  complete  as  in  the  male,  for  the  vagina  and  urethra  separate  the  bulhus 
vestibuli  into  two  lateral  portions  which  are  only  slightly  connected  in  front  by  a 
narrow  median  part  called  the  pars  intennedia.  Each  lateral  portion  of  the  bulb  is 
thick  and  massive  posteriorly,  and  more  pointed  in  front  where  it  joins  the  pars 
intermedia.  It  rests  against  the  side  wall  of  the  vagina,  and  upon  the  superficial 
aspect  of  the  triangular  ligament.  Superficially  it  is  covered  by  the  bulbo- 
cavemosuB  muscle.  The  pars  intermedia  lies  above  the  urethra,  and  becomes  coo- 
tinuouB  with  the  tissue  of  the  glans  clitoridis.  It  repFesents  ooe-half  of  the  corpus 
spongiosum  urethra:  of  the  male. 

The  bulbuB  vestibuli  is  for  the  most  part  composed  of  mioute  convoluted  blood- 
vessels, held  together  by  a  very  small  amount  of  connective  tissue.  These  vessels 
frequently  anastomose  with  one  another,  and  those  of  each  lateral  half  com- 
municate with  the  vessels  of  the  pars  intermedia  and  the  glans  clitoridis. 

The  blood-supply  of  the  bulb  in  derived  on  each  side  from  a  branch  (arteria  Ixilbi 
vestibuli)  of  the  internal  pudic. 

Thb  Glands  of  Bartholin. 

The  glands  of  Bartliolui  (glanduUu  vestihulares  majores)  are  pUced  one  on  each 
side  of  the  lower  part  of  the  vagina,  and  represent  Cowper's  glands  in  the  male. 

They  are  often  overlap\)ed  by  the 
posterior  ends  of  the  bulhus 
vestibuli,  and  are  coveied  by  the 
bulbo-cavemoBUs  muscle.  Each 
is  about  the  size  and  shape  of  a 
small  bean,  and  possesses  a  h>n^' 
slender  duct  which  opens  into  thi- 
urinogenital  cleft  in  the  angle 
between  the  attached  border  of 
the  labium  minus  and  the  va^^iial 
opening. 


Ulinds  (D.  J.  CuuiiiDghBiii). 


DEVELOPME.NT  OF  THE 
URINOGBNITAL  OIUJAXS. 

In   tracing;  the  develop nn'iiial 

history  of  the  uriiiogcnital  syi-t*iii 

we  may  for  convenience  begin  with 

an   embryo    of    fifteen    days    "M. 

'  About  thia  time  a  duct,  which  nin^ 

'   in    a    longitudinal    direction,    and 

occupiett  a  position  on  the  ont*'r  fide 

I  each  side  of  the  hodv.     With  the 


of  the  pro  to  vertebral  somittit,  Iwgina  to  develop 

exception  of  the  anterior  jxtrtion  of  the  cloaca  and  the  proximal  part  of  the  allantnia,  t)li^ 

duct,  which  has  received  the  name  of  Wolffian  duct,  is  the  earliest  formed  structure  fn>ni 

which,  or  in  nniinPTmn  with  uhich    tho  nartx  <if  t.hp  Ajliilt.  iinnnffoiiitjil  HVHt^iii  iiriiiP_ 


developiug  ureter  at  first  arises  as  a  diverticulum  from  the  Wolffiau  duct,  at  a  short 
distance  from  the  point  where  the  latter  joins  the  cloaca.  Soon,  however,  the  iiret«rti 
acquire  independent  openings  into  the  cloaca,  which  become  gradually  shifted  further 
from  one  another  and  from  those  of  the  Wulflian  ducts.  The  ureters  are  now  found  to 
open  into  the  anterior  portion  of  the  cloaca  which  lies  nearer  to  the  head  of  the  embryo 
than  the  part  with  which  the  Wolffian  ducts  are  connected.  This  cephalic  portion  receiv- 
ing the  ureters  becomes,  in  the  male,  the  bladder  and  the  upper  part  of  the  prostatic 
urethra;  in  the  female,  the  bladder  and  the  entire  urethra  (Fig.  861).  The  caudal  part, 
lying  below  the  level  of  the  entrance  of  the  Wolffian  ducts,  is  the  urinogenital  canal,  and 
is  represented  in  the  adult  male  by  the  lower  part  of  the  prostatic  and  by  the  membranous 
portions  of  the  urethra ;  in  the  female  by  the  part  of  the  urinogenital  lissure  which 
immediately  surrounds  the  openings  of  the  urethra  and  vagina  (Fig.  861).  The  united 
Mullorian  ducts  open  into  the  lower  part  of  the  cloaca  or  urinogenital  canal,  between  the 
Wolffian  ducts  of  opposite  sides.  In  the  male  the  position  of  this  opening,  which  is 
represented  in  the  adult  by  the  opening  of  the  uterus  masculinus,  remains  almost  un- 
changed ;  in  the  female,  on  the  other  hand,  the  urinogenital  canal  becomes  relatively 
shorter  during  development,  and  thus  the  opening,  which  in  this  set  is  represented  by 
the  orifice  of  the  vagina,  comes  to  tlic  surface  at  the  bottom  of  the  urinogenital  fissure 
{Fig.  861).  The  cavity  of  the  developing  bladder  is  directly  continuous  above  with  that 
of  the  allautois,  and  by  some  authorities  the  bladder  is  described  as  arising  as  a  dilatation 
of  the  proximal  part  of  the  allantois. 

Wheu  the  ectodermal  cloacal  fossa  is  formed,  after  the  complete  separation  of  the 
cloaca  into  anterior  or  urinc^cnital,  and  posterior  or  rect»l  parts,  it  communicates  at  first 
with  the  rectum  behind  and  later  on  with  the  urinogenital  canal  in  front  (p.  45).  The 
fossa  is  bounded  laterally  by  well-marked  skin  folds,  the  labio-scrotal  folds,  and  at  its 
anterior  end  is  situated  the  genital  eminence.  This  eminence  becomes  the  main 
portion  of  the  penis  or  of  the  clitoris,  and  its  posterior  surface  is  grooved  longitudinaJly 
in  such  a  manner  that  the  proximal  end  of  the  groove  lies  near  the  opening  of  the  urino- 
genital canal  into  the  cloacal  fossa. 

In  the  male  the  lips  of  this  groove  on  the  genital  eminence,  meeting  together,  form  a 
canal  which,  in  the  adult,  traverses  the  penis  as  the  terminal  part  of  the  urethra.  The 
lateral  margins  of  the  cloacal  fossa,  behind  the  genital  eminence,  meet  together,  and  fusing 
in  the  middle  line,  convert  the  fossa  into  a  canal,  which  completes  the  spongy  portion  of 
the  adult  urethra.  In  this  way  all  the  cloacal  fossa  lying  in  front  of  the  rectum,  and  the 
groove  on  the  genital  eminence,  become  closed  over  to  form  the  third  part  of  the  urethra. 
The  spongy  part  of  the  urethra  is  thus  derived  from  the  ectodermal  cloacal  foita  and  the 
groove  on  the  genital  eminence,  while  the  prostatic  and  membranous  parts  owe  their 
origin  to  the  endodermal  cloaca. 

In  ihefenude  the  margins  of  the  ectodermal  cloacal  fossa  remain  separate  throughout 
life,  and  the  fossa  persists  as  the  oiinogenital  cleft.  The  groove  on  the  genital  eminence 
closes  over,  but  does  not  form  a  canal  as  in  the  male.  The  urinogenital  canal,  at 
first  like  that  of  the  male,  becomes  relatively  shorter  and  shorter  during  develop- 
ment, and,  OS  a  result,  the  lower  end  of  the  fused  portions  of  the  Miillerian  ducts,  which 

opens  into  the  canal,  and  front 

which  the  vagina  is  formed, 

nnun    appeara  in  the  adult  to  opeu 

W(  ^  j^.,    directly  into  the  fossa  (urino- 

*"<"■"  ct        genital     space)    behind     the 

HvH]  channel  leading  from  the 
bladder.  From  the  latter 
channel  is  formed  the  female 
urethra  (Fig.  861). 

Wolffiaa  Duct  and 
Embryonic  Secretory 
Organ. — The  WoUUn  dnct 
arises  in  the  meaoblast,  about 
the  fifteenth  daj',  as  a  solid 
B<niT  OK  *  '^^    "'    '^"'    occupying    « 

poeition  immediately  to  the 
outer  side  of  the  meeoblastic 
somites  and  to  the  inner  side  of  the  body  cavity.     When  first  reoognised  the  duct  lies 


Sexual  Glands. — lu  the  development  of  the  aeiual  glaods,  male  and  female,  a 
differentiated  thiokeued  portion  of  the  peritoneal  epithelium  is  first  recognised.  This 
Bpecialised  epithelium,  which  has  received  the  name  of  genainal  epititelism,  is  situated  to 
the  inner  side  of  the  mesonephros  and  of  the  Wolffian  and  MUllerian  ducta.  Here  it 
covers  a  longitudiuaily-disposed  ridge  or  elevation  called  the  gduital  ridg«.  Tbe  germinal 
epithelium  is  not  strictly  limited  to  this  ridge,  but  extends  to  some  extent  beyond  its 
limitA.  The  genital  ridge  is  soon  found  to  have  numerous  epithelial  cells  embedded  in 
its  counective-tiseue  atroma  which  appear  to  originate,  in  both  sexes,  by  a  proliferation 
from  the  deep  surface  of  the  germinal  epithelium  covering  the  ridge.  Frtm  these 
epithelial  cells  tbe  seminiferous  tubules  of  the  male,  and  Gniafian  follicles  with  their  con- 
tained ova  of  the  female  ar>e  developed. 

In  the  male,  as  early  as  the  thirty-third  day,  the  epithelial  cells  embedded  in  the 
stroma  of  the  developing  testis  have  become  arranged  into  a  network  of  auastomosing 
cords  within  which  certain  larger  cells  are  seen  to  be  irregularly  scattered.  These  larger 
cella  have  received  the  name  of  primitiTe  sperm  cells,  and  are  relatively  few  in  number. 
They  undei^o  frequent  diviHion,  and  in  the  later  stages  are  not  to  be  distinguisheil 
from  the  other  cells  of  the  cords.  The  cellular  cords  undergo  direct  tntDsfonnatiou  into 
the  BeminiferoiiB  tabnlea  of  the  testis,  but  the  excretory  apparatus,  including  the  nta  twtU 
and  tnbiiU  recti,  is  derived  by  outgrowths  from  the  anterior  tubules  of  tbe  mesonephroe. 
At  a  very  early  stage  the  superficial  part  of  the  stroma  of  the  developing  testis,  becomes 
denser,  and  gives  origin  to  the  tanica  albnginea. 

It  lias  been  stated  that  the  sexual  epithelium  of  the  testis,  unlike  that  of  the  ovary, 
is  not  derived  from  the  germinal  epithelium,  but  that  it  has  ite  origin  in  an  outgrowth  of 
the  mesonephros.  The  course  of  the  development  of  the  sexual  glands  is  without  doubt 
extremely  diflicult  to  follow. 

In  the  female  large  epithelial  cells  are  found  in  the  stroma  of  the  developing  ovary, 
beneath  the  germinal  epitbeltura,  as  early  as  the  thirty-third  day.  These  primitiTe  on 
are  much  more  numerous  than  the  primitive  sperm  cells  of  the  male,  and  form  a  very 
characteristic  feature  of  the  developing  ovary.  At  first  they  lie  isolated,  but  later— about 
the  fifth  week — they  become  surrounded  by  other  smaller  cells  having  a  like  ongin  from 
the  genninal  epithelium.  Each  primitive  ovum  surrounded  by  its  cells  becomes  a 
primitive  follicle,  the  further  development  of  which  has  already  been  described  (p.  llf<4). 
The  proliferation  of  cells  from  the  germinal  epithelium  goes  on  until  the  seventh  month, 
and  during  the  later  stages  the  epithelium  has  the  appearance  of  growing  down  into  the 
stroma  in  the  form  of  long  branching  cellular  processes  which  break  up  into  little  nests  of 
cells  to  form  the  future  follicles  (p.  851).  It  is  extremely  doubtful  if  any  new  ova  ari»<e 
after  birth. 

Generative  Ducts- — As  has  been  already  stated,  the  male  ducta  arise  from  the 
Wolffiau,  and  the  female  from  the  Mtillerian  ducta  of  the  embryo.  Both  sexes  M,  first 
possess  well-developed  Wolffian  and  Miilieriau  ducts,  which  are  arranged  in  a  very  definite 
manner.  The  Wolffian  ducts  communicating  directly  with  the  tubules  of  the  me«ODephpR 
lie  at  first  parallel  to,  and  at  a  considerable  distance  from  one  another.  As  they  pass 
backwards  towards  the  caudal  end  of  the  embryo  they  approach  one  another,  aud  each 
becomes  enclosed  in  a  fold  of  peritoneum  called  the  plica  nrogenitaUs.  More  caudally 
the  ducts  become  closely  approximated  to  each  other,  arc  embedded  in  a  cord-like  tnais  of 
connective  tissue,  to  which  the  term  genital  cord  is  applied.  They  finally  open  into  the 
lower  part  ot  the  anterior  subdivision  of  the  cloaca. 

The  Miillerian  ducts,  opening  freely  into  the  body  cavity  at  their  cephalic  ends,  lie  to 
the  outer  side  of  the  Wolffian  ducts.  As  they  are  traced  caudally  they  cross  the  Wolffiau 
ducts  aud  enter  the  genital  cord,  within  which  they  unite  and  form  a  canal,  which  occupies 
the  mesial  plaue,  and  opens  into  the  lower  part  of  the  anterior  subdivision  of  the  clotuTt. 
between  the  Wolffian  ducts.  The  maimer  in  which  the  ureters  become  separated  from 
the  Woltiian  ducts  has  already  been  described. 

Dncte  in  the  Hale. — The  seminiferous  tubules  of  the  testis  become  connected  with 
the  Wolffian  duct  through  a  fusion  with  the  anterior  canals  of  the  mcsonephroti. 
At  the  place  where  this  fusion  occurs  the  rete  testis  aud  the  tnboli  recti  are  formeti. 
The  counexion  is  definitely  established  in  tbe  third  month.  The  mmiber  of  tubulf:^ 
taking  part  varies  considerably,  but  corresponds  to  the  number  of  vasa  etforeatia  found 
in  the  adult.  The  connecting  tubules  becoming  much  convoluted,  just  as  they  'y'm 
the  Wolffian  duct,  form  the  coni  Tascnlosi.  The  canal  of  the  epididymis  is  directly 
formed  from  tbe  anterior  part  of  the  Wolffian  duct,  aud  the  vai  deferens  from  the  niorv 


joining  the  inner  surfaces  of  the  labia  majora.     In  the  young  subject,  a  slightly 
raised  transverse  fold  is  usually  seen  connecting  the  posterior  ends  of  the  labia 

minora ;  to  this 
fold  the  term  frenn- 
Inm  (frenulum 
labiorum  piiden- 
di),  or  fonrelutte, 
is  applied.  Traced 
forwards,  each 
labium  minus 
divides  into  two 
portions,  an  outer 
"  idii        and  an  ioner.  The 

iiaciHt  outer   portions  of 
^  the  two  labis  unite 

*"  u,         over   the   glans 

ethm  clitoridi8,and  form 
a  fold  or  covering 
for  it,  called  the 
prepntiom  clito- 
ridis.  The  inner 
*"  poitions,    uniting 

at  an  acute  angle, 
join  the  glane  and 
form  the  franolnm 
clitoridis.  The 
skin  of  the  labia 
Diinora  resemhles 
the  integument  on 
the  inner  or  deep 
surface  of  the  labia 
majora,  being 
smooth,  moist,and 
pink  in  colour. 
The  inner  sur- 
Fiu.  8S5.  — Female  E\tkenal  Genital  Ohqanb.  facee   of  the  labia 

The  fourchttte  ii  uen  stretch ing  across  liehind  the  (ossa  nnvicularis  and  iu  front  of  minora  are  in  COn- 


th«  poslenor  commiaauM.     Til e  duels  of  Bartholin  s  glands  open  iii  the  intervsls  j.       ■l.-l 

between  the  vaginal  oriHce  and  the  inuer  ertgas  of  the  labia  minor*.  '''—''  "'^"  T        ' 

other ;  their  outer 
surfaces  are  applied  against  the  inner  aspects  of  the  labia  majora. 

The  openings  of  the  urethra  and  vagina  are  placed  in  the  middle  line,  in  the 
interval  between  the  labia  minora,  which  must  be  separated  to  bring  them  into 
view. 

The  vestibnle  (vestibnlum  vagina)  is  the  name  applied  to  the  cleft  that  liee 
between  the  labia  minora  and  behind  the  glans  clitoridis.  In  its  floor  are  the 
openings  of  the  urethra,  the  vagina  and  the  minute  ducts  of  Bartholin's  glands. 

The  fossa  navicnlaiis  is  the  part  of  the  vestibule  placed  behind  tbe  vaginal 
opening  and  in  front  of  the  fourchetta 

The  external  urethral  orifice  lies  immediately  in  iront  of  that  of  the  vagina,  and 
is  about  one  inch  liehind  the  glans  chtoridia.  The  opening  has  the  appearance  of 
a  vertical  alit,  or  of  an  inverted  V-shaped  cleft,  the  slightly  prominent  mai^;ins  of 
which  are  in  contact.  On  each  side  of  the  urethral  orifice  there  may  sometimes  be 
seen  the  minute  opening  of  the  para-urethral  duct  (see  page  1158), 

The  vaginal  opening  (orificium  vagiuEe)  hea  further  Imck  and  below  the  orifice 
of  the  urethra.  The  appearance  of  the  opening  varies  with  the  condition  of  the 
hymen— a  membrane  which  in  the  young  subject  partly  closes  the  aperture.  When 
tbe  hymen  is  intact  the  opening  ie  small,  and  is  only  seen  when  the  membrane  is 


developiDg  ureter  at  first  arises  as  a  diverticulum  from  the  Wolffiau  duct,  at  a  short 
distance  from  the  point  where  the  latter  joins  the  cloaca.  Soon,  however,  the  iiret«re 
acquire  independent  openings  into  the  cloaca,  which  become  gradualtj  Bbifted  further 
from  one  another  and  from  those  of  the  Wolflian  ducts.  The  ureters  are  now  found  to 
open  into  the  anterior  portion  of  the  cloaca  which  lies  nearer  to  the  head  of  the  embryo 
than  the  part  with  which  the  Wolffian  ducts  are  connected.  This  cephalic  portion  receiv- 
ing the  ureters  becomes,  in  the  male,  the  bladder  and  the  upper  part  of  the  prostatic 
urethra;  in  the  female,  the  bladder  and  the  entire  urethra  (Fig.  861),  The  caudal  part, 
lying  below  the  level  of  the  entrance  of  the  Wolffian  ducts,  is  the  urinogenital  canal,  and 
is  represented  in  the  adult  male  by  the  lower  part  ot  the  prostatic  and  by  the  membranoHs 
portions  of  the  urethra ;  in  the  female  by  the  part  of  the  urinogenital  fissure  which 
immediately  surrounds  the  openings  of  the  urethra  and  vagina  (Fig.  861).  The  united 
MUllerian  ducts  open  into  the  lower  part  of  the  cloaca  or  urinogenital  canal,  between  the 
Wolffian  ducta  of  opposite  sides.  In  the  male  the  position  of  this  opening,  which  is 
represented  in  the  adult  by  the  opening  of  the  uterus  masculinua,  remains  almost  un- 
changed ;  in  the  female,  on  the  other  hand,  the  urinogenital  canal  becomes  relatively 
8hort«r  during  development,  and  thus  the  opening,  which  in  this  sex  is  represented  by 
the  orifice  of  the  vagina,  comes  to  the  surface  at  the  Itottom  of  the  urinogenital  fissure 
(Fig.  861).  The  cavity  of  the  developing  bladder  is  directly  continuous  above  with  that 
of  the  allantois,  and  by  some  authorities  the  bladder  is  described  as  arising  as  a  dilatation 
ot  the  proximal  part  of  the  allantois. 

When  the  ectodermal  cloacal  fosu  ta  formed,  after  the  complete  separation  of  the 
cloaca  into  anterior  or  urinogenital,  and  posterior  or  rectal  parts,  it  communicates  at  fir^t 
with  the  rectum  behind  and  later  on  with  the  urinogenital  canal  in  front  (p.  45).  The 
fossa  is  bounded  laterally  by  well-marked  skin  folds,  the  Iftbio- scrotal  folds,  and  at  its 
anterior  end  is  situated  the  genital  eminence.  This  eminence  becomes  the  m&iu 
portion  of  the  penis  or  of  the  clitoris,  and  its  posterior  surface  is  grooved  longitudinally 
in  such  a  manner  that  the  proximal  end  of  the  groove  lies  near  the  opening  of  the  urino- 
genital canal  into  the  cloacal  fossa. 

In  the  male  the  lipa  of  this  groove  on  the  genital  eminence,  meeting  together,  form  a 
canal  which,  in  the  adult,  traverses  the  penis  as  the  terminal  part  of  the  urethm.  The 
lateral  matins  of  the  cloacal  fossa,  Ijehind  the  genital  eminence,  meet  together,  and  fusing 
in  the  middle  line,  convert  the  fossa  into  a  canal,  which  completes  the  spongy  jwrtion  of 
the  adult  urethra.  In  this  way  all  the  cloacal  fossa  lying  in  front  of  the  rectum,  and  the 
groove  on  the  genital  eminence,  become  closed  over  to  form  the  third  part  of  the  urethra. 
The  spongy  part  of  the  urethra  is  thus  derived  from  the  ectodermal  cloneal  fo*»a  and  the 
groove  on  the  genital  eminence,  while  the  prostatic  and  membranous  parts  owe  their 
origin  to  the  endodermal  cloaca. 

In  thefentale  the  margins  of  the  ectodermal  cloacal  fossa  remain  separate  throughout 
life,  and  the  fossa  persists  as  the  nrinog«iiltal  deft.  The  groove  on  the  genital  emineooe 
closes  over,  but  does  not  form  a  canal  as  in  the  male.  The  urinogenital  canal,  at 
first  like  that  of  the  male,  becomes  relatively  shorter  and  shorter  during  develop- 
ment, and,  as  a  result,  the  lower  end  of  the  fused  portions  of  the  Miillcrian  ducts,  which 

opens  into  the  canal,  and  front 

NeuraE  tub*  which  the  Tacioa  is  formed, 

muu    appears  in  the  adult  to  open 

wr  ^^,i_,    directly  into  the  fossa  (urioo- 

""^ ""  It        genital    space)    behind     the 

cavity  channel  leading  from  the 
bladder.  From  the  latter 
channel  is  formed  the  female 
urethra  (Fig.  861). 

Wolffian  Duct  and 
Embryonic  Secretory 
Organ. — The  Wolfflui  duet 
arises  in  the  mesoblast,  about 
the  fifteenth  day,  as  ■  solid 
,.  ^  cord    of    cells    occupying    a 

position  immediat«ly  to  the 
outer  side  of  the  mewblastic 
somites  and  to  the  inner  side  of  thfi  body  cavity.     When  Brst  recogniBed  the  duct  lies 


duct  undergo  atrophy  to  a  greater  extent  than 
in  the  male,  and  they  are  only  repreeented 
in  the  adult  by  the  rudimentary  structures 
present  iu  the  broad  ligament  of  the  uteriu 
(aee  p.  1205). 

Ureter  and   Pennanent  Kidney.— 

The  kidney  and  ureter  arise  as  a.  tubuUr 
diverticulun)  from  the  Wolffian  duct  close  to 
the  point  where  the  latter  joins  the  cloKca. 
This  diverticulum  is  BcenfirBt  during  the  fourth 
week,  and  grows  from  behind  forwards,  dorsal 
to  the  body  cavity.  Even  in  its  very  early 
condition  the  portion  of  the  outgrowth  which 
lies  nearest  to  the  Wolffian  duct,  and  from  ~ 
which  the  adult  ureter  is  developed,  is  more 
slender  than  the  distal  part,  which  becomes 
branched,  and  grows  out  to  form  the  pelvis 
and  calyces  of  the  ureter.  The  uriniferous 
tubules  of  the  kidney  appear  to  arise  aa  branch- 
ing tubular  outgrowths  from  the  calyces.  The 
blind  distal  end  of  each  tubule  soon  dilates 
to  form  a  capsule  which,  becoming  invaginaUd 
I  on  itself,  encloees  a  tuft  of  capillary  blood- 
veasela  The  Malpighian  corpuscles  arising  in 
this  manner  are  found  in  the  human  kidney 
as  early  as  the  eighth  week. 

According  to  many  embryologista  it  is  only 
the  collecting  tubules  that  are  formed  in  this 
manner,  and  the  other  tubules  of  the  kidney 
have  a  mesoblastic  origin  similar  to  that  of 
the  tubules  of  the  mesooephros  and  inde- 
pendent of  the  outgrowth  which  gives  origin 
to  the  ureter  and  its  pelvis.  These  authorities 
state  that  the  kidney  tubulee  arising  in  the 
mesoblast,  only  later  acquire  connexiona  witli 
the  outgrowths  from  the  ureter. 

It  is  possible  that  the  tubulee  which  give 
rise  to  the  permaneut  kidney  really  lie  in  series 
with  those  which  form  the  mesonephros,  and 
hence  begin  where  the  latter  cease  to  be  formed, 
namely  at  the  first  eacral  segment. 

As  the  ureter  increases  in  lengtJi,  it  be- 
Fio.  Ml,  -DuoRA«»ATic  BBPBEassTAT.oN  AND  '^'^^  Mpamtod  from  the  Wolffian  duct,  and 
CoMPABiso!!  OF  TBEllABJiEBra  WHICH  THE  Ubino-  acquiTOB  a  distiuct  Opening  mto  the  anterior 
ciENiTAL  PAg:<A<iea  ARISE  IN  THE  TWO  Seibs.  part  of  the  cloaca  nearer  the  head  of  the 
In  each  case  the  hypoblast  is  indicated  by  a  thick  embryo  than  that  of  the  Wolffian  duct.  This 
bliickline.  while  the  epibiaatia  shown  by  a  donbiB  part  of  the  cloaca  receiving  the  UTeters  be- 
liue  with  cross  shafliDg.  ^^j^^  tl,g  bladder.     The  kidney  is  at  firrt  a 

A.  Represents  a  stage  passed  through  by  both  sexes,  distinctly  lobulated  body,  and  shows  at  birth, 
and  iUustrates  the  connexions  ot  the  urinogBniul     ^   aometimes  even  in    the   adult,   traces  of 
ductsandof  the  rectani  with  the  ectiMlermalcloacal  .  -  ^       —-^  - 
fossa  1  9<  indicates  the  positioa  where  the  Wolffiati   ' 
and  Miilterinnducts  open  into  theuriaogeultiLl  canal; 
ge,  genital  eminence  ;  tigi,  urinogcaital  canal. 

B.  Male  couilition.      The  greater  portion  □(  tlie  urethral  canal  is  ectodermal  in  origin,  and  is  derited  fiviu 

the  ectodermal  cloacal  fossa  and  the  groove  on  Ihe  genital  emineuce  by  the  meeting  of  Iheii  Utrral 
boundaries.  (The  portion  of  the  canal  wbich  is  usually  the  last  to  be  closed  in  is  indicated  at  x.)  Thr 
upper  [lart  of  the  uri'tlira  is  endudeniial  in  origin.  The  positinn  where  the  genital  dnds  (in  Uie  male 
represented  by  the  rasa  dercrentia  and  nterns  niosculinus)  join  the  urinogenital  canal  is  indieatHl  at  rd  ; 
I,  symphysis  pubis. 

C.  Female  couditiuii.      Owing  U>  the  sliurteuing  of  the  nrinO)(enital  canal  (ii?!.  In  A)  and  the  rapid  giowth  of 

the  vagina  the  urellinil  and  genital  opiniugs  come  Ifl  lie  in  tlie  bottom  of  the  urinogenital  flianre.  Thr 
dee]ie^t  part  of  this  Assure,  immediately  surronnding  the  openings,  is  formed  by  endodenn  derived  fram 
the  urinogenital  canal. 


subdivision  into  lobule. 
Bladder. — The  bladder  is  formed   from 


h 
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Sexual  Glands. — lu  the  dovelopmcnt  nf  the  sexual  glands,  male  and  female,  a 
differentiated  thickeued  portion  of  the  peritoneal  epithelium  is  tirst  recognised.  This 
specialised  epithelium,  which  has  received  the  name  of  geimln&l  epithelium,  is  situated  tu 
the  inner  side  of  the  mesouephroB  and  of  the  WolfHan  and  Miillerian  ducts.  Here  it 
covers  a  longitudinaljy-diaposed  ridge  or  elevation  called  the  genital  ridge.  The  germinal 
epithelium  is  not  strictly  limited  to  this  ridge,  but  extends  to  some  extent  bejrond  its 
limits.  The  genital  ridge  is  soon  found  to  have  numerous  epithelial  cells  embedded  in 
its  connective-tissue  stroma  which  appear  to  originate,  in  both  seies,  by  a  proliferation 
from  the  deep  surface  of  the  germinal  epithelium  covering  the  ridge.  Krom  these 
epithelial  cells  the  seminiferous  tubules  of  the  male,  and  Uraatian  follicles  with  their  con- 
tained ova  of  the  female  are  developed. 

In  the  male,  as  early  as  the  thirty-third  day,  the  epithelial  cells  embedded  in  the 
stroma  of  the  developing  testis  have  become  arranged  into  a  network  of  aaastonioaing 
cords  within  which  certain  larger  cells  are  seen  to  be  irregularly  scattered.  These  larger 
cells  have  received  the  name  of  primitiye  sperm  cella,  and  are  relatively  few  in  number. 
They  undergo  frequent  division,  and  in  the  later  stages  are  not  to  be  distinguiahe*! 
from  the  other  cells  of  the  cords.  The  cellular  cords  undergo  direct  transfomiatiou  i&Ui 
the  seminiferous  tntrales  of  the  testis,  but  the  excretory  apparatus,  including  the  retc  testii 
and  tnbnli  recti,  is  derived  by  outgrowths  from  the  anterior  tubules  of  the  mesonephroo. 
At  a  very  early  stage  the  superficial  part  of  the  stroma  of  the  developing  testis,  becomes 
denser,  and  gives  origin  to  the  tunica  albnginea. 

It  lias  been  stated  that  the  sexual  epithelium  of  the  testis,  unlike  that  of  the  ovary, 
is  not  derived  from  the  germinal  epithelium,  but  that  it  has  its  origin  in  an  outgruwtli  of 
the  mesonephros.  The  course  of  the  development  of  the  sexual  glands  is  without  doubt 
extremely  difficult  to  follow. 

/n  the  fenvde  large  epithelial  cells  are  found  in  the  stroma  of  the  developing  ovary, 
beneath  the  germinal  epithelium,  as  early  as  the  thirty-third  day.  These  prlmitiT*  ora 
are  much  more  numerous  than  the  primitive  sperm  cells  of  the  male,  and  form  a  very 
characteristic  feature  of  the  developing  ovary.  At  first  they  lie  isolat«d,  but  later — about 
the  fifth  week^they  become  surrounded  by  other  smaller  cells  having  a  like  origin  from 
the  germinal  epithelium.  Each  primitive  ovum  surrounded  by  its  cells  becomes  a 
primitive  follicle,  the  further  development  of  which  has  already  been  described  (p.  11><4). 
The  proliferation  of  cells  from  the  germinal  epithelium  goes  on  until  the  seventh  month, 
and  during  the  later  stages  the  epithelium  has  the  appearance  of  growing  down  into  the 
stroma  iu  the  form  of  long  branching  cellular  processes  which  break  up  into  little  ncets  of 
cells  to  form  the  future  follicles  (p.  851).  It  is  extremely  doubtful  if  any  new  ova  arise 
after  birth. 

Generative  Ducts. — As  has  been  already  stated,  the  male  dncts  arise  from  the 
Wolffian,  and  the  female  from  the  Miillerian  ductA  of  the  embryo.  Both  sexes  at  first 
possess  well-developed  Wolffian  and  Miillerian  ducts,  which  are  arranged  in  a  very  definite 
manner.  The  Wolffian  ducts  communicating  directly  with  the  tubules  of  the  mesonephnis 
lie  at  first  parallel  to,  and  at  a  considerable  distance  from  one  another.  As  they  pa.s^ 
backwards  towards  the  caudal  cod  of  the  embryo  they  approach  one  another,  and  each 
becomes  enclosed  in  a  fold  of  peritoneum  called  the  plica  nrogenitaliJL  More  otudally 
the  ducts  become  closely  approximated  to  each  other,  are  embedded  in  a  cord-like  mass  of 
connective  tbsue,  to  which  the  term  genital  cord  is  applied.  They  finally  open  into  (he 
lower  part  of  the  anterior  subdivision  of  the  cloaca. 

The  Miillerian  ducts,  opening  freely  into  the  body  cavity  at  their  cephalic  ends,  tie  l^i 
the  outer  side  of  the  Wolffian  ducts.  As  they  are  traced  caudally  they  cross  the  Wolffian 
ducts  and  enter  the  genital  cord,  within  which  they  unite  and  form  a  canal,  which  occupies 
the  mesial  plane,  and  opens  into  the  lower  part  of  the  anterior  subdivision  of  the  cloacn, 
between  the  Wolffian  ducts.  The  manner  in  which  the  ureters  become  separated  from 
the  Wolffian  ducts  has  already  been  described. 

Ducts  in  tlie  Hale. — The  seminiferous  tubules  of  the  testis  become  oonnectcJ  with 
the  Wolffian  duct  through  a  fusion  with  the  anterior  canals  of  the  mcsonephni^. 
At  the  place  where  this  fusion  occurs  the  rete  teitis  and  the  tnbnli  recti  are  fomiol. 
The  connexion  is  definitely  established  in  the  third  month.  The  number  of  lubulen 
taking  part  varies  considerably,  but  corresponds  to  the  number  of  vasa  effereatia  found 
in  the  adult.  The  connecting  tubules  becoming  much  convoluted,  just  as  ther  join 
the  Wolffian  duct,  form  the  conl  TasculoBi.  The  canal  of  tlie  epididjnnia  is  directly 
formed  from  the  anterior  part  of  the  Wolffian  duct,  and  the  vai  defoeni  from  tbe  more 


of  the  ventral  group  booh  become  reduced  in  number  and  often  completely  disappear ; 
those  of  the  upper  doreal  group  form  the  chief  part  of  the  gland. 

Cowper's  g'lands  ariae  in  the  third  month,  and  appear  to  be  developed  from  the 
epithelium  of  the  urinogenital  canal.  Since  in  the  Echidna  these  glanda  have  been  shown 
to  have  an  ectodermal  origin,  and  as  in  man  their  ducts  are  connected  with  a  part  of  the 
urethra  which  is  ectodermal  in  its  origin,  it  is  possible  that  further  investigation  will 
show  that  Cowper's  glands  arise  superficial  to  the  cloacal  membrane  and  form  the  ectoderm 
in  the  human  embryo. 

The  glands  of  Bartholin  arise  as  epithelial  outgrowths  in  the  same  manner  as 
Cowper's  glauds. 

External  Genital  Organs. — The  external  genital  organs  are  developed  in  the 
region  of  the  ectodermal  cloacal  fossa,  and  those  of  the  male  and  female  cannot  be 
distinguished  from  one  another  in  the  earlier  stages.  The  ectodermal  cloacal  foeaa,  at 
first  very  uarrow,  is  completely  filled  by  a  wedge-shaped  mass  of  ectodermal  cells.  At  its 
anterior  end  lies  the  genital  eminence,  a  somewhat  conical  projection  which  repr^ents  the 
future  penis  or  cliWria.  The  genital  eminence  appeara  very  early,  even  before  the 
endodermal  cloaca  has  become  divided  into  urinogenit«J  and  rectal  subdivision.     On  each 


FlO.    884. — EXTKHNAL  OBNITiL  OBOAKB    IN    MALI    TiKtVB.      From  figHTM  of  ProfeM 

Tbe  prepuce  ban  grown  forwards  ao  oa  to  cover  gluu  completely.  Tbe  u 
to  the  spei  of  the  gl&ns.  As  in  the  body  of  the  penis  the  portion 
glane,  is  it  first  repreiented  bj-  ■  cleft  in  the  "urethral  Mptam." 

side  of  it  is  a  prominent  fold-like  projection — labio-Bcrotftl  fold — which  is  continued 
backwards  to  bound  the  ectodermal  cloacal  fossa  laterally  (see  Fig.  863).  An  opening  of 
the  rectum  on  the  surface  of  the  body  is  established  at  an  earlier  date  than  that  at  which 
the  commiuiication  between  the  urinogenital  canal  and  the  ectodermal  fossa  is  formed.  As 
the  later  opening  becomes  established,  the  wedge-shaped  mass  of  ectoderm,  which  fills  all 
the  anterior  part  of  tbe  fossa,  and  is  continued  as  a  kind  of  septum  into  the  substance  of 
the  genital  eminence,  becomes  converted  into  a  groove  or  gutter.  At  a  later  time  the 
margins  of  this  groove,  meeting  in  the  middle  line,  give  rise  to  a  canal  which  is  the  repre- 
sentative of  the  s[)Otigy  portion  of  the  urethra.  The  mass  of  ectoderm  which  becomes  cleft 
to  form  the  groove,  and  later  on  forms  the  lining  of  the  spongy  portion  of  the  urelhi*, 
has  been  tormed  the  nrethnil  septom.  The  septum  is  cleft  from  k«hind  fornards,  and  the 
groove  which  results  is  closed  in  gradually  from  behind  forwards  to  form  the  urethra.  Tbe 
part  of  the  septum  wliich  eitenda  forwards  into  the  glana  penia  remains  solid,  after  the  rest 
of  the  canal  has  been  formed,  hence  the  urethra  for  some  time  appears  to  end  in  a  little 
diamond -shaped  fossa  situated  at  the  base  of  the  glana  which  at  the  time  forms  a  prominent 
knob-like  projection  on  the  apex  of  the  genital  eminence  (Fig,  863,  K).  At  a  later  time  the 
septum  within  the  gtans  is  cleft  and  converted  into  a  canal,  and  the  urethra  is  then  con- 
tinued to  the  end  of  the  penis.  The  glans  is  at  first  uncovered  and  marked  off  from  the 
rest  of  the  penis  by  a  circular  constriction  behind  which  the  prepuce  takes  origin.  As  the 
prepuce  grows  forwards  the  groove  disappears  and  the  glans  becomes  covered.     While  the 
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incomplete  beneath  the  areola,  and  here  the  lactiferous  ducts  paas  into  the 
nipple.  The  gland  is  composed  of  fifteeu 
to  twenty  lobea  (lobi  mamma;)  which 
radiate  from  the  nipple,  each  lobe  btiinj^ 
quite  distinct  from  the  others  and  possess- 
ing its  own  duct.  The  lobes  are  sub- 
divided into  secondary  lobea  and  lobules, 
bound  together  and  supported  by  a  con- 
sidemble  amount  of  connective  tissue  whicli 
*.r»iia  forma  the  stroma  of  the  gland. 
i<"  The   alveoli    of    the    gland    and    the 

secretory  epithelium  lining  themvarymuch 
under  different  conditions.  At  puberty 
the  corpus  mammae  is  chiefly  composed  of 
connective  tisane  stroma  and  the  ducts  of 
the  gland.  At  thia  time  the  alvtoU  are 
small  and  few  in  number.  During  lacta- 
tion, when  the  gland  is  fully  functional, 
im^i  the  alveoh   are   enlarged,  distended  with 

fluid,  aud   much   more   numerous.      The 
epithelial  cells  are  cubical  and  filled  with 
fat   globules.      When   the   gland   is    not 
secreting,  the   alveoli   become  small   and 
reduced  in  number,  while  the  cells  of  the 
lining   epithelium,  which  are  now  small 
and  glandular,  do  not  contain  fat  globules. 
The  duct  (ductus  lactiferi)  of  each  lolie, 
iiG.  8B8.— Se^iun  thkouuu  a  mamuahv  (!t.AND.  passing   towards  the  nipple,  becomes  en- 
m^i^byMr'l^rob™tnerT[>"5ciu.ii^^»T)  larged  to   form   a   small    spindle-shaped 
dilatation,  called  an  ampulla,  or  ainiu  lacti- 
feri ;  then  becoming  once  more  constricted,  each  duct  passes,  without  commnnicating 
with  its  neighbours,  to  the  summit  of  the  nipple,  where  it  opens. 

In  the  male  subject  the  various  parts  of  the  mamma  are  represented  in  a  rudi- 
mentary condition. 

The  presence  of  milk-glands  is  characteristic  of  the  class  mammalia,  and  the 
number  of  pairs  of  glands  in  each  group  of  animals  bears  some  relation  to  the 
number  of  young  usually  produced  at  each  birth. 

T&ristioiu. — Aaynituetrv  iu  tlie  developiLieiit  of  the  t 
luamma  being  very  often  largur  than  tlm  riglit.  Absence  of  o 
rare  abnormality,  which  may  or  luiiy  iiol  be  aH»ociat«d  with  alieencc  of  the  niiiplta  When  t.'ii-- 
iiipplu  only  ia  prteent  it  Is  usually  llic  IkIL  The  jireamice  of  aujiemumiTiiry  );lanils  or  nipjile^  i^ 
uot  wry  uncommon,  and  a  large  numluT  of  examples  are  recorded.  The  u-xm  polTmuty  III- 
been  applied  to  uaaea  in  which  more  than  the  normal  numWr  of  mammw  are  predunt,  and  poly- 
thely  to  those  iu  which  additional  (glands,  in  a  rudimentary  condition,  are  repnaented  hy  acctisAiry 
nipplif.  Usualiy  the  acces.-^ry  glands,  or  nipples,  are  present  on  the  ventral  apjx-ct  of  the  iliomi. 
and  ill  most  instances  they  occur  below  aud  a  liltte  to  the  inner  side  of  tlie  normal  siif.  \Vh<'ii 
the  abnonnal  glandb  are  tound  above  the  normal  site  they  generally  lie  further  from  the  middle 
Hue.  &Iueh  more  rarely  acuf.'^sury  glands  have  been  found  on  the  alilomen,  in  the  axilla,  or  in 
some  other  situation,  inoludiug  even  the  doreal  aspect  of  the  trunk.  As  tjiany  ax  three  i-xtra  juiir- 
of  mamma:  have  been  found  in  the  same  individual,  and  eases  in  wliich  the  probable  reprt'.<i'iit:i- 
tive-sofmamniaryglandswereeveu  uioreuuuierotishavebeeniin^onled.  Aaymmelryisveryoomnn-n 
in  these  abuormalstructures.  It  is  interesting  lo  note  that  examples  of  polymasty  and  polythrli 
occur  in  the  male  rather  more  frequently  than  in  the  female.  In  some  women  the  atit-mory 
breasta  have  yieldejl  milk  during  laetatiuu  ;  in  other  eases  the  abuorniaJ  organs  have  been  ri-ry 
rudimentary,  and  represented  only  by  a  minute  nipple  or  pigmented  areola.  Thiiii:  easi-B  <•[  poIi  - 
luasty  and  polylhely  are  sup^iosed  Iu  represent  a  reversion  to  an  ancrj^lral  condition,  in  whi>!i 
more  than  two  mammary  gluiids  were  normally  present,  and  in  whicli  probably  many  young  wi-rv 
prudueed  at  each  birth.  In  this  connexion  it  is  interesting  to  observe  that  usually  tfie  accessory 
ylands  occur  in  positions  normally  occupied  by  mamma)  in  lower  animals.  In  the  course  of  tb'- 
development  of  the  niamiimry  gbiuds  in  man,  specialised  areas  of  the  cpidermi-s  similar  to  thtn- 
which  give  origin  to  the  mammary  glands,  have  Iten  observed  both  above  and  below  the  regiuu 
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in  which  the  adult  mammary  glands  are  developed.  These  areas  appear  to  be  present  normally, 
but  in  most  cases  they  disappear  at  an  early  stage  in  the  history  of  the  embryo.  In  some  other 
mammals  rudimentary  mammary  glands  may  occur,  as,  for  instance,  in  lemurs  and  in  some  cows. 

A  slight  functional  activity  of  the  mammary  glands  of  the  male  at  birth  and  about  the  time 
of  puberty  is  stated  to  be  not  a  very  uncommon  occurrence. 

Vessels  and  Nerves  of  the  Mammn^ — The  breast  receives  its  arterial  supply  from  the  per- 
forating branches  of  the  internal  mammary  artery  and  from  the  external  mammary  branch  of  the 
long  thoracic.  Additional  supply  is  sometimes  derived  from  some  of  the  intercostal  vessels.  The 
veins  coming  from  the  gland  pour  their  blood  into  the  axillary  and  internal  mammary  veins. 
Some  small  superficial  veins  from  the  breast  join  tributaries  of  the  external  jugular.  The 
lymphatics  of  the  breast  are  very  numerous,  and  form  extensive  lymph  spaces  rouna  the  alveoli  of 
the  gland.  The  Ivmphatic  vessels  coming  from  the  mamma  for  the  most  part  join  the  lymphatic 
glands  of  the  axilla,  but  some  vessels  from  the  inner  part  of  the  breast,  following  the  course  pur- 
sued by  the  perforating  arteries,  join  the  lymphatic  glands  situated  along  the  course  of  the  internal 
mammary  artery.  The  nerve  supply  of  the  gland  is  derived  from  the  intercostal  nerves  of  the 
fourth,  fifth,  and  sixth  intercostal  spaces.  Along  the  course  of  these  nerves  sympathetic  filaments 
reach  the  breast  from  the  dorsal  part  of  the  sympathetic  cord. 

DEVELOPMENT  OF  THE  MAMMJE. 

The  mammary  glands  are  developed  as  dowugrowths  of  the  ectoderm  into  the  under- 
lying mesoblastic  tissue.  In  the  human  embryo  a  thickened  raised  area  of  the  ectoderm 
is  to  be  recognised  in  the  region  of  the  future  mammary  gland  at  the  end  of  the  fourth 
week.  This  thickened  ectoderm  becomes  depressed  in  the  underlying  mesoblast,  and  thus 
the  mammary  area  soon  becomes  flat,  and  finally  sunk  below  the  level  of  the  surrounding 
epidermis.  The  mesoblast,  where  it  is  in  contact  with  this  downgrowth  of  the  ectoderm, 
is  compressed,  and  its  elements  become  arranged  in  concentric  layers,  which,  at  a  later 
stage,  give  rise  to  the  connective  tissue  stroma  of  the  gland.  The  depressed  mass  of  ecto- 
derm cells  soon  becomes  somewhat  flask-shaped,  and  grows  out  into  tlie  surrounding 
mesoblast  as  a  number  of  solid  processes,  which  represent  the  future  ducts  of  the  gland. 
These  processes,  by  dividing  and  branching,  give  rise  to  the  future  lobes  and  lobules,  and 
much  later  to  the  alveoli.  The  mammary  area  becomes  gradually  raised  again  in  its 
central  part  to  form  the  nipple.  A  lumen  is  only  formed  in  the  diflerent  parts  of  this 
branching  system  of  cellular  processes  at  bjrth,  and  with  its  establishment  is  associated 
the  secretion  of  a  fluid  resembling  milk,  which  often  takes  place  at  this  time.  The 
ampullse  appear  as  thickenings  on  the  developing  ducts  before  birth. 

In  those  animals  which  possess  a  number  of  mammary  glands — such  as  the  cat,  pig, 
etc. — the  thickening  of  the  ectoderm,  which  is  the  first  indication  of  the  development  of 
these  structures,  takes  the  form  of  a  pair  of  ridges  extending  from  the  level  of  the  fore- 
liiub  towards  the  inguinal  region.  These  converge  posteriorly,  and  at  their  terminations 
lie  not  far  from  the  middle  line.  By  the  absorption  of  the  intermediate  portions  the 
ridges  become  divided  up  into  a  number  of  isolated  areas,  in  connexion  with  which  the 
future  glands  arise.  Such  linear  thickenings  of  the  ectoderm  have  not  yet  been  shown  to 
occur  in  the  human  embryo,  but  the  usual  positions  assumed  by  the  accessory  glands  when 
present,  leads  one  to  suspect  that  in  all  probability  the  ancestors  of  man  possessed 
numerous  mammary  glands  arranged,  as  in  lower  animals,  in  lines  converging  towards  the 
inguinal  region. 


THE    DUCTLESS    GLANDS. 

Br   D.   J.   CCNNINGHAM. 

Under  this  title  we  include  a  heterogeneous  group  of  organs,  the  common  feature 
of  which  is  that  the  product*  of  their  activity  are  not  conveyed  from  them  bv 
means  of  ducts,  but  are  discharged  directly  into  the  vascular  system  through  the 
veins  or  lymphatic  vessels  which  take  origin  within  them.  This  physiolc^cal 
process  is  termed  internal  secretion,  and  in  the  case  of  certain  of  these  organs  the 
secretion  has  been  shown  to  exert  a  profound  influence  upon  the  nutritive  ch&ngee 
of  the  body. 

The  ductless  glands  include  the  lymphatic  glands,  which  have  been  alreadv 
described  with  the  vascular  system ;  the  pineal  and  pituitary  bodies,  which  bave 
been  referred  to  in  the  account  which  has  been  given  of  the  brain  ;  and  the  spleen, 
the  suprarenal  capsules,  the  thyroid  body,  the  parathyroids,  the  thymus  body,  the 
coccygeal  body,  the  carotid  body — all  of  which  still  remain  to  be  studied. 

THE  SPLEEN. 

The  stdeen  (lien)  is  the  largest  of  the  ductless  glands.  It  varies  greatly  in  size 
in  different  individuals,  and  also  in  the  same  individual  under  different  conditions, 
consequently  it  is  difficult  to  give  its  aven^  dimensions.  Koughly  speaking,  it  may 
be  said  to  be  as  a  rule  about  tive  iuches  in  length  and  three  inches  in  width  at  its 
widest  part  It  is  a  soft  yielding  oi^n,  very  vascular,  and  somewhat  purple  in 
colour.  It  lies  far  back  in  the  abdominal  cavity  between  the  stomach  and  the 
diaphragm,  and  its  position  is  such  that,  whilst  the  greater  part  of  the  organ  is 
situated  in  the  left  hypochondhum,  its  upper  end  extends  inwards  beyond  the  left 
Poupart  plane,  and  thus  comes  to  Ue  in  the  epigastric  region.  It  is  placed  very 
obliquely,  and  its  long  axis  corresponds  closely  in  its  direction  to  that  of  th<? 
back  part  of  the  tenth  rib. 

Form  and  Relatione  of  the  Spleen. — The  spleen  has  the  shape  of  an  insular 
tetrahedron.  The  npper  end  (extremltas  superior)  points  inwards  and  backwards, 
and  is  curved  to  some  extent  forwards  on  itself  Of  the  four  surfaces  the  most 
extensive  is  the  diaphragmatic  (facies  diaphragmatica),  which  looks  backwards 
and  outwards.  It  rests  upon  the  liack  part  of  the  diaphragm,  to  the  curvature 
of  which  it  is  accurately  adapted.  By  the  diaphragm  it  is  separated  from  the  ninth, 
tenth,  and  eleventh  ribs.  It  is  necessary  also  to  remember  that  the  pleura  descends 
between  this  portion  of  the  chest  wall  and  the  diaphragm,  and  thus  comes  to  liv 
superficially  to  the  greater  part  of  this  diaphragmatic  surface  of  the  spleen.  The 
thin  basal  margin  of  the  lung,  which  occupies  the  upper  part  of  the  pleural  Kwaa, 
likewise  intervenes  between  the  upper  part  of  the  spleen  and  the  surface  of  the 
body. 

Iq  the  ftetuB  and  infant,  in  which  the  liver  ii  relative!;  very  Urge^  the  left  labe  of  that  orgmn 
exteadH  to  the  left  so  far  that  it  comee  as  a  rule  to  intervene  between  a  portion  of  the  spleen  and 
the  diaphrai.'nL    Such  a  relation  ia  sometimus  seen  in  the  adult,  bnt,  exoept  in  fhililhiiH,  it  u 


splenic  flexure  of  the  colon  and  the  costo-colic  ligament  (vide  p.  1083). 

The  anterior  border  (niargo  anterior)  of  the  spleen  is  sharp  and  prominent,  and 
intervenee  between  the  gastric  and  diaphragmatic  suriaces.  Ite  leading  character- 
istic is  tliat  it  i& 
irregularly  notched. 
The  posterior  border 
(margo  posterior) 
separak'B  the  renal 
from  ihe  diaphrag- 
matic surface.  It 
ia  important  to 
know  that,  if  in  the 
living  subject  the 
finger  is  drawn 
along  the  last  in- 
tercostal space,  it 
will  indicate  with 
toleralile  accura<'y 
on  the  surface  of 
the  body  the  posi- 
tion and  direction 
of  the  posterior 
border.  The  in- 
ferior border  (mar^ 
inferior)  of  the 
spleen  intervenes 
it,tflrm«ii»w  t,,su  ivi^iior  Bu^iF  l)etween     the    dia- 
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and  the  colic  sur- 
face. The  other  margins  of  the  spleen  are  those  which  separate  the  visceral  areas 
from  each  other,  and  they  have  been  already  noticed. 

A  marked  feature  of  the  typically-formed  spleen  is  the  jireat  prominence  of  the 
anterior  angle.     It  forms  the  most  anteriorly -placed  part  of  the  organ. 

The  form  of  tlic  spleen  varies  much  in  accordance  with  the  changing  conditionij  of  tli'- 
neighbouring  hollow  viscera.  Shepherd  liati  shown  that  there  are  two  extreme  forms,  viz.  the 
tetnhedrsl.  which  is  deRcribed  above,  and  the  orange-Hgrment  type.  In  the  case  of  ihi?  form>T 
the  colon  is  distended,  and  the  stomach  as  a  rnle  more  or  less  empty  :  the  ccloii  displace-  thf 
Btomach  from  contact  with  the  lower  part  of  the  visceral  surface  of  the  Kpteen,  anil  l>v  iw 
pres.iure  produces  the  colic  impression. 

When  the  spleen  presents  a  form  similar  to  that  of  the  segment  of  au  orange  its  lowei  •■nil 
becomes  pointed,  and  the  entire  visceral  surface  is  occupied  by  the  renal,  gastric,  and  pancri-alic 
inipret^sions  or  areas.  The  colon  is  aa  a  rule  empty  and  exerts  no  pre«siire  on  the  splet'n,  whilst 
the  slomai'li  is  in  all  proKibility  distenditl.  As  Shepherd  has  shown,  ever v  intermediate  form 
of  spleen  between  (he  two  extreme  types  are  met  with,  and  may  occur  with  larying  conditii>nf 
of  the  hollow  viscera,  at  different  times,  in  the  same  individual. 

Motcltea  and  Fitenrea. — The  nsual  number  of  notches  on  the  anterior  border  of  the  spl.-.-n  i--' 
two,  although  in  exceptional  caaea  there  ma3'  be  as  many  as  six  or  even  seveu.  It  i^  not  no. 
common  to  find  one  or  more  fissures  on  i\i<-  ]K)flterior  border  and  alpo  on  ihe  parietal  siirfafi- 
of  lli.'oryin  (Parsoni), 

Peritoneal  Relations  of  the  Spleen. — The  spleen  is  almost  completely  enveloped 
by  peritoneum,  and  two  folds  of  peritoneum,  viz.  the  gastro-splenic  omentum  and 
the  lieno-renal  ligament,  pass  from  it.  Both  of  these  folds  are  attached  in  the 
neighbourhood  of  the  hilum.  The  lieno-renal  ligament  proceeds  Imckwarda  Co  the 
anterior  surface  of  the  left  kidney  (p.  1099) ;  the  gaetro-iplenic  omentnm  connects 
the  spleen  with  the  fundus  of  the  stomach  (p.  1104). 

Accessory  Spleens.— Small  globuhir  masseii  of  splenic  tissue  arc  not  infrequently  fonnd  m 
the  ncigliboiirhoixl  of  tlit>  spleen.     Tht-s<'  are  termed  accfluoTy  spleeat. 

ninnrf.vaauli    I.irmi>t»fi«i    anil  Wiiiirwi  nf  t.hs  flnlaon  — Tlio  Ihktp  niUlliF.  artm  itiitu  iW 


The  anterior  surface,  which  looks  outwards  aa  well  as  forwards,  presents  two 
impresaiouB — (1)  The  one  is  a  narrow  flattened  strip  adjoioing  the  anterior  border 
of  the  capsule  which  is  overlapped  by  the  inferior  vena  cava;  (2)  the  second 
impression  comprises  the  remainder  of  the  anterior  surface,  and  is  in  contact  with 


The  upp«r  u 
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:«  at  tight  tiiprareual  ciptule.      B.  Anterior  anrfoce  of  lelt  Kupranual  capaalc. 
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Indicates  the  upper  limit  of  the  peritoueal  covei 


Od  the  right  capsule  the  dotted  Una 


the  liver.  Only  a  small  and  variable  part  of  the  lower  portion  of  the  anterior 
surface  of  the  right  suprarenal  capsule  is  covered  by  peritoneum.  On  the  upper 
part  of  the  impression  for  the  vena  cava,  not  far  ^m  the  apex  of  the  capsule,  a 
short  fissure  termed  the  bilom  may  be  observed.  From  this  issues  a  short  wide 
vein  which  immediately  enters  the  vena  cava  inferior.  The  posterior  surface  of 
the  right  suprarenal  capsule  is  divided  by  a  salient  curved  ridge  into  an  upper  flat 


Fio.  870. 
A.  Poiterior  surface  of  right  sapnrenal  cipaule.      B.  Poeterior  Borface  of  left  tuprarenal  opanlc. 

part,  which  is  applied  to  the  diaphragm,  and  a  concave  lower  part,  which  is 
occupied  by  fat  and  rests  upon  the  kidney. 

The  left  Bnprftrenal  capaole  presents  a  semilunar  form,  and  us  a  rule  is  slightly 
larger  than  the  right  capsule.  Its  position  on  the  kidney  is  also  somewhat  diflervnt. 
It  is  usually  placed  on  its  inner  border  immediately  above  the  hilum.  Tlie 
anterior  surface  presents,  not  far  from  its  lower  end,  a  very  obvious  slit  or  Ulam 


is  derived  as  a  mass  of  celk  which  grows  out  TrDm  the  ganglia  of  the  sympathetic  cord, 
and  becomes  in  the  process  of  development  encapsulated  within  the  cortei.  It  is  important 
to  note  in  this  coiinezion  that  a  certaiu  number  of  chromafRu  cells  are  found  within  the 
sympathetic  ganglia.  Although  nervous  in  its  origin,  the  medulla  of  the  suprareikal  becomes 
glandular  and  gives  to  the  blood  an  internal  secretion  which  exercises  a  meet  potent 
phy Biological  action. 

The  cortic&l  part  of  the  suprarenal  body  is  formed  from  a  mass  of  mesodermic  cells 
which  on  the  right  side  become  grouped  together  in  the  immediate  vicinity  of  the  inferior 
vena  cava  soon  after  that  vessel  is  formed.  The  cells  thus  accumulated  together  arc  said 
to  be  derived  directly  or  indirectly  from  the  epithelial  cells  which  line  the  body  cavity  in 
the  region  of  the  Wolffian  ridge. 

As  we  ascend  the  scale  of  vertebrates,  the  suprarenal  bodies  show  an  interesting  aeries 
of  evolutionary  stages.  "  In  (ishes  the  two  constituents  {i.e.  medulla  and  cortex)  are  quit« 
separate ;  in  amphibians  they  come  into  contect ;  in  reptiles  they  are  beginning  to  be 
intermixed ;  in  birds  the  cortex  and  medulla  interlace ;  whilst  in  mammals  the  medulU 
is  surrounded  by  the  cortex  "  (Swale  Vincent). 

THE  THYROID  BODY. 

The  thyroid  body  (glandula  thyreoidea)  is  a  highly  vascular,  pliant  structure 
which  clasps  the  upper  part  of  the  trachea  and  extends  upwards  for  some  distance 

upon  each  side  of  the  larynx, 
[e  In  size  it  varies  greatly  in 
different  individuals,  and  in 
the  female  and  child  it  is 
always  relatively  larger  than 
in  the  adult  male.  It  consists 
•I  of  three  well  -  marked  sub- 
divisions—  viz.  two  lateral 
lobes,  joined  across  the  middle 
^  line  by  the  isthmus. 
,  ^,„  Each  lateral  lobo  is  conical 
in  form.  Its  base  extends 
""*  downwards  upon  the  side  of 
the  trachea  as  far  as  the  fifth 
or  sixth  tracheal  ring,  whilst 
its  apex  rests  upon  the  ala  of 
the  thyroid  cartilage.  Its 
Irtery  »"7'^'^*'^  sw/i^' '8  Bomewhat 
flattened,  and  is  clothed  by  the 
pretracheal  layer  of  cervical 
'  fascia,  from  which  the  orgjin 

^^  vein     derives  a  sheath,  and  also  l>j 

1  the    sterno  -  thyroid,    sterno- 

"  hyoid.and  omo-hyoid  muscles. 

It  is  also  overlapped  by   the 
lonomimiie urtfiy  stemo-mastoid   musclc-       Ila 

loiD  BoDT  *SD  01'  THB  Pabts  df^p  gurfoce  is  adapted  to  the 
ino    TO  IT.  parts  upon  which  it  lies — viz. 

to  the  side  of  the  trachea,  to  the  cricoid  cartilage,  and  to  the  inferior  comu  and 
adjoining  part  of  the  surface  of  the  ala  of  the  thyroid  cartUa^ ;  whilst  it«  posterior 
border  extends  backwards  so  as  to  touch  the  cBsoph^us  and  pharynx  and  overlap 
the  common  carotid  artery  (Fig.  694,  p.  974). 

The  istiimiu  of  the  thyroid  body  is  a  narrow  band  of  varying  width  which  lii's 
in  front  of  the  second,  third,  and  fourth  rings  of  the  trachea,  and  unitee  the  bases 
or  lower  ends  of  the  two  lateral  lobes. 

A  third  lobe  is  frequently  found  in  connexion  with  the  thyroid  body.     This  is 


01  cne  inyroia  Doay. 

The  thjroid  body  in  its  primitiTe  condition,  and  in  each  of  ite  three  parts,  u  epithelial. 
Soon  it  is  invaded  by  connective  tissue  and  blood-TeBsela,  but  the  hypoblaatic  epithelium 
is  retained  as  the  cellular  lining  of  its  constituent  vesiclea. 

Pakathyroids. 

The  parathyroid  ghuids  are  two  minute  structures  which  lie  in  more  or  less  close 
relation  to  each  lateral  lobe  of  the  thyroid  body.  They  are  apt  to  be  mistaken  fur 
accessory  thyroids,  hut  in  structure  they  are  different.  One,  more  constant  iu 
position  thau  the  other,  is  situated  on  the  poaterior  aspect  of  the  cesophagus  at 
the  level  of  the  lower  border  of  the  cricoid  cartilage,  and  in  more  or  less  intimate 
relation  to  the  posterior  border  of  the  lateral  lobe  of  the  thyroid  body.  The 
second  parathyroid  body  is  placed  either  iu  close  apposition  with  the  lower  border 
of  the  lateral  lobe  of  the  thyroid,  or  on  the  trachea  at  a  varying  distance  below  it. 
The  inferior  thyroid  artery  intervenes  between  the  two  parathyroid  bodies  (Welsh). 

The     parathyroid 

'*         "^  bodies  are  composed  of 

reticulating  rows  of  cells, 

with      blood-vessels 

'  arranged  between  them. 

In  structure  they  bear  a 

close  resemblance  to  that 

of  the  anterior  lobe  of  the 

pituitary  body.     The 

P  '  upper  parathyroid  body 

is  derived  as  a  hypobtastic 
bud,  which  grows  out 
r  from  the  bottom  of  the 
pharyngeal  side  of  the 
third  visceral  cleft ;  the 
lower  body  has  a  similar 
origin  from  the  fourth 
visceral  cleft. 

It  has  been  shown 
that  the  removal  of  the 
four  parathyroids  from 
the  cat  is  followed  by 
very  severe  symptoms, 
and  in  two  cases  out  of 
three  death  ensued  in 
the  course  of  a  few  days 
(Welsh> 

THYMUS  GLAND. 

The  thymns  gland 

can  only  be  studied  to 
advant^  in  the  later 
period  of  fcetal  life  or  in 
early  childhood.  It 
attains  its  maziimum 
development  towards  the  end  of  the  second  year,  and  from  this  time  on  it  dwindles 
away  until  only  a  comparatively  small  portion  of  it  is  left.  In  the  uew-lwm 
chOd  it  is  of  a  pinkish  colour,  and  is  composed  of  two  lateral  lobes,  very  seldom 
of  equal  size,  and  separated  by  an  interveuing  fissure.  The  main  portion  of  tbt- 
glaud  is  placed  within  the  thorax,  but  the  two  lobes  end  above  iu  two  blunt 
nrnlon  cations  which  are  carried  unwards  for  a  varvin?  distanCA  into  the  neck. 


lU 
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has  shown,  however,  that  throughout  the  whole  of  life  it  not  only  retaJDa  flomething 
of  its  old  form,  but  also  that  the  degeneration  is  never  complete.  Pre8er\'e<i  within 
its  aubatance  (either  uniformly  diffuBed  through  it  or  in  distinct  masses)  there  may 
always  be  found  remaina  of  the  original  thymua- tissue.  Indeed,  more  of  the  gland 
is  retained  iu  the  adult  than  ia  generally  supposed.  It  is  easy  to  demonstrate 
in  Bubjents  hardened  by  formalin-injection  that  as  a  rule  both  lobes  are  present  in 
the  front  part  of  the  superior  mediastinum  in  the  form  of  two  elongated  finger- 
like bodies. 

Blood-vessels  aad  Netres. — The  arteriet  whidi  carry  blood  to  tlie  thymus  come  from  tb« 
inferior  thyniid,  the  internal  mamm&iy,  and  perhaps  also  from  other  sourcea.  The  veini  join 
the  neighbouring  venouB  trunlu— viz.  the  inferior  thyroid,  the  internal  mammary,  and  the  two 


The  nervei  to  the  thymus  are  derived  from  the  vagUB  and  sympathetic  trunks. 
The  lymphatic  veuels  are  of  large  size,  and  accompany  the  blood -veeeels. 

Structure  of  the  Thymus. — The  thymus  is  composed  of  a  large  number  of  small 
polyhedral  lobules.  The  aheath  which  envelops  the  organ  sends  off  from  its  deep  surface 
fine  partitions  or  septa  which  pass  into  the  gland  and  separate  the  different  lobules  from 
each  other. 

Each  lobule  is  composed  of  clusters  of  lymphoid  follicles,  with  a  small  amount  o! 
delicate  connective  tissue  intervening  between  them.  A  follicle  consists  of  an  outer 
cortical  and  an  inner  or  central  mednlUry  portion.  Both  are  formed  of  adenoid  tissue, 
but  in  the  cortei  the  lymphoid  cells  are  packed  much  more  closely,  whilst  in  the  medulla 
the  retifonn  matrix  is  coarser  and  the  lymphoid  cells  less  numerous.  Further,  the  medulla 
contains  the  coneentrie  corpuscles  of  Hassall.  These  are  curious  bodies,  com]K>sed  of 
flattened  cells  arranged  couceutrically  around  a  granidar  nucleated  corpuscle. 

The  blood-vessels  form  a  fine  plexus  around  the  various  follicles,  and  from  this 
capillaries  penetrate  into  the  central  medulla. 

Development  of  the  Th}rmus  Body. — The  thymus  gland  is  derived    from  the 

hypoblostic  lining  of  the  pharynx.     It  takes  origin  as  a  tubular  diverticulum  from  the 

dorsal  part  of  the  pharyngeal  aspect  of  the  third  visceral  cleft  on  each  side  (see  p.  35'. 

This  diverticulum  has  thick  epithelial  walls,  and  it  grows  by  rapid  proliferation  of  its  celU- 

It-eitends  downwards  on  the  side  of  the  trachea  towards  the  pericardium,  and  coming 

into  contact  with  the  corresponding  hypoblastic  outgrowth  of  the  opposite  side,  the  twi 

lobes  of  the  oi^an  are  formed — one  from  each 

ii  lateral  diverticulum.     The  narrow  upper  jmri 

of  the  outgrowth  remains  for  a  time  tubular. 

and  connected  with  the  pharyngeal  cleft  from 

which  it  originates.     Ultimately  this  connexiua 

is  broken  through,  and  the  expanded  lower  end 

sends  out  solid  bud-like  bmnches    after   the 

manner  of  an  acinoiiB  gland.     The  connective 

tisane  sheath  and  framework  of    the     thymus 

are  derived  from  the  surrounding  racsoblast. 

Originally  epithelial  in  its  compoaition.  tlie 

thymus  becomes  lymphoid  by  the  rapid  pr■^ 

PBrianiiai  lurficB  liferation    of   itn  cells.     The  products  of  tlii» 

Fiu.  8;6.-Dbrp  SuRrACi   OK  Tbtkctb  Oland,   division    become   the   lymphoid    cells    of    thf 

MAUN-i^^oN   ^""  aAnDBNBD  Bi  FoK-  ^^^WtA&i   of    the   gland.      The    corpuBcU*    of 

Hassall  were  formerly  beheved  to  be  epitbeli.'il 

remnants,  but  this  is  now  known  not  to  be  the  case,  as  the  transformation  of  the  oriKiiini 

elements  of  the  organ  into  lymphoid  cells  is  complete.     The  corpnacles  of  Hussall   arv 

derived  from  the  repeated  divisions  of  one  cell,  the  products  of  which  remain  attached  u> 

each  other. 

THE  CAROTID  AND  COCCYGEAL  BODIES. 

The  c&rotid  body  ia  a  minute  oval  reddish-brown  structure  placed  on  the  dee( 
aspect  of  the  common  carotid  artery  at  the  point  where  it  bifurcates  into  its  twi' 
terminal  branches.     It  is  closely  connected  with  the  sympathotic  netve  filaiQenu 


SURFACE  AND  SURGICAL  ANATOMY. 

By  Harold  J.  Stiles. 

THE  HEAD  AND  NECK. 

THE  CRANIUM. 

Scalp. — The  first  and  third  layers  of  the  scalp,  uaiuely,  the  sUn  and  the  occiinto- 
ftontalis  mnscle,  are  firuly  united  hy  fibrous  proceBses  which  pnae  from  the  one  tu 
the  other  through  the  second  or  BubcutaneoiiB  &tty  layer.  Intervening  between 
these  three  layers  and  the  pericranium  is  a  loose  cellul&r  layer  which  supporte  tlie 
small  vessels  passing  between  the  scalp  proper  and  pericranium.  The  thin  peri- 
cranium, although  regarded  anatomically  as  periosteum,  possesses  very  limited 
bone-forming  properties ;  over  the  vertex  it  is  readily,  separated  from  the  skull-cap, 
except  along  the  lines  of  the  sutures,  where  it  gives  off  iutersutural  processes  to 
join  the  endosteal  layer  of  the  dura. 

The  free  blood-snppljr  of  the  scalp  is  for  the  purpose  of  nourishing  its  abundant 
hair  follicles  and  glands.  The  main  vessels  lie  in  the  dense  subcutaneous  tissue. 
and  are  superficial,  therefore,  to  the  occipito  -  frontalis  (Fig.  878).  The  arteries 
supplying  the  frontal  region  are  derived  from  the  internal  carotid,  while  those  for 
the  remainder  of  the  scalp  spring  from  the  external  carotid.  These  two  sets  »( 
vessels  anastomose  freely  with  one  another,  and  freely  also  across  the  mesial  plane : 
hence  the  failure  of  ligature  of  the  external  carotid  to  cure  cirsoid  aneurysm  of  tli<; 
temporal  artery. 

Woimdi  of  the  scalp  bl«ed  freely,  and  tho  vesaeta  are  diffii^ult  to  licatuK  on  account  of  tli-- 
adhesion  of  their  w'allB  to  the  dense  subcutaneous  tissue.  In  extensiTe  flap  wounds  and  in  dilTuw 
Buppuration   beneatli    the  occipito  -  frontaltB   thei«  is  little  danger   of  elou^hing  of   the   scalp. 

Abscesses  and  hamorrbogBS  superScial  to  the  occipilo-frontatis  are  usually  hmited  on  a *   ' 

the  density  of  the  subcutaneous  tissue.  Haemorrhage  beneath  the  occipito -frontalis  i 
eiteusive  on  account  of  the  small  size  of  the  Tttwcls,  but  suppuration  in  this  eitiiat 
rapidly  undermine  the  whole  muscle  ;  incisions  to  evacuate  the  pus  should  be  mailii  witlj",  and 
parallel  to  the  main  vessels  of  the  scalp.  Extravasation  of  blood  beneath  the  pericranium  l^aiU 
to  a  h^ematoma  which  is  limited  by  the  sutures 

The  veins  of  the  scalp  communicate  with  the  intra-cranial  venous  sinuses — 

(1)  directly  through  their  anastomoses  with  the  large  emissary  veins,  namely,  the 
parietal,  which  opens  into  the  superior  longitudinal  sinus,  and  the  mastoid  and 
posterior  condyloid,  which  open  into  the  lateral  sinus ;  (2)  through  the  anostomo^'^ 
of  the  frontal  and  supra-orbital  veins  with  the  ophthalmic  vein,  which  opens  into 
the  cavernous  sinus;  (3)  through  the  veins  of  the  diploe,  which  conoect  the  veins 
of  the  scalp  and  the  pericranium  on  the  one  hand  with  those  of  the  dura  mater 
and  the  venous  sinuses  on  the  other ;  (4)  through  small  veins  which  pass  from  the 
pericranium  through  the  bones  and  the  intersutural  membranes  to  the  dura.  It  i.* 
along  these  various  channels  that  pyogenic  infection  may  extend,  from  the  scalp 
and  pericranium,  through  the  bone  to  the  dura  mater  and  venous  sinuses,  and  from 
the  latter  to  the  cerebral  veins,  the  pia-arachnoid,  and  the  substance  of  the  brain. 
More  rarely  the  infection  spreads  from  the  cranial  cavity  along  the  emissary  veins 
to  the  scalp. 
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from  the  middle  line,  is  the  supra-orbital  notch  or  foramen,  the  guide  to  the  bhioe- 
orbital  vessels  and  nerves.  A  little  above  the  level  of  the  outer  canthus  of  the  eye- 
lid is  the  fronto-malar  suture,  immediately  above  which  is  the  external  angdv 
process  of  the  frontal  bone.  At  the  posterior  end  of  the  suture  the  temporal  tamch 
of  the  orbital  nerve  pierces  the  temporal  fascia  to  reach  the  scalp.  Half  an  inch 
above  the  suture  is  the  lower  margin  of  the  cerebral  hemisphere ;  while  half  an  inch 
below  the  suture  is  a  small  tubercle  on  the  posterior  border  of  the  malar  bone ;  a 
line  drawn  from  this  tubercle  to  the  lambda  gives  the  line  of  the  parallel  fissure 
and  of  the  descending  comu  of  the  lateral  ventricle. 

The  zygomatic  arch,  an  important  landmark,  is  horizontal  when  the  head  is  in 
the  natural  position,  and  is  on  the  same  level  as  the  lower  margin  of  the  orbit  and 
the  inion ;  its  upper  border  is  at,  or  not  infrequently  a  little  above,  the  level  of 
the  lower  lateral  margin  of  the  hemisphere.     The  upper  border  of  the  zygoma  may 
be  traced  backwards  immediately  above  the  tragus  and  the  external  auditory  meatus 
to  become  continuous  with  the  ridge  formed  by  the  snpia-mastoid  portion  of  the 
temporal  crest.     The  part  of  the  posterior  root  of  the  zygoma  which  lies  immed- 
iately in  front  of  the  upper  end  of  the  tragus  constitutes  a  valuable  landmark  which 
may  with  advantage  be  termed  the  pre-anricnlar  point  of  the  zygoma,  while  by  the 
term  post-auricnlar  point  is  understood  that  point  upon  the  supra-mastoid  crest 
which  lies  immediately  behind,  and  a  finger's-breadth  below,  the  upper  attachment 
of  the  auricle.     The  temporal  vessels  and  the  aniicnlo-temporal  nerve  cross  the 
zygoma  at  the  pre-auriclar  point,  and  it  is  here  that  the  pulsations  of  the  temporal 
artery  may  be  felt  during  the  administration  of  an  anaesthetic,  or  the  vessel 
compressed  for  the  purpose  of  checking  bleeding  from  the  temporal  region  of  the 
scalp.     The  termination  of  the  auriculo-temporal  nerve  in  the  neighbourhood 
of  the  parietal  eminence  is  often  the  seat  of  a  neuralgic  pain  in  irritative  condi- 
tions about  the  external  auditory  meatus,  the  latter  being  supplied  by  this  nerve. 

Two  inches  vertically  above  the  pre-auricular  point  is  the  lower  end  of  the 
fissure  of  Bolando.  Two  inches  verticaUy  above  the  middle  of  the  zygomatic  arch 
is  the  pterion  (spheno-parietal  suture),  a  point  which  cannot  be  felt,  but  which  is 
nevertheless  of  topographical  importance,  as  it  overlies  the  Sylvian  point  (the  point 
where  the  Sylvian  fissure  breaks  up  into  its  three  branches)  and  the  anterior  branch 
of  the  middle  meningeal  artery.  A  point  three  fingers'-breadth  vertically  above  the 
middle  of  the  zygomatic  arch,  on  the  left  side,  will  mark  the  position  of  the  centre 
of  Broca*s  convolution  (posterior  extremity  of  the  left  inferior  frontal  convolution). 

The  frontal  eminence  (better  marked  in  the  child)  overlies  the  middle  ftontal 
convolution.  The  parietal  eminence,  which  varies  considerably  in  the  definiteness 
with  which  it  can  be  recognised,  overlies  the  termination  of  the  posterior  hori- 
zontal limb  of  the  fissure  of  Sylvius,  and  therefore  also  the  supra-marginal  convolution, 
which  is  named  by  Turner  the  convolution  of  the  parietal  eminence.  The  part  of 
the  temporal  crest  which  intervenes  between  the  external  angular  process  and  the 
coronal  suture  lies  a  little  above  the  level  of  the  inferior  frontal  sulcus.  The 
highest  part  of  the  temporal  crest  crosses  the  Bolandic  area  at  the  junction  of  its 
middle  and  lower  thirds,  that  is  to  say,  at  the  junction  of  the  motor  areas  for  the 
arm  and  face.  In  the  child,  the  temporal  muscle,  which  is  relatively  much  smaller 
than  in  the  adult,  reaches  only  a  short  distance  above  the  squamous  suture^  and 
therefore,  only  as  far  as  the  level  of  the  lower  end  of  the  fissure  of  Bolaudo. 

The  thickness  of  the  skull-cap  varies  at  different  parts  and  in  different  individiia]&  The 
inner  table  is  only  half  the  thickness  of  the  outer  table,  but  both  possess  the  same  d^ree  of  elas- 
ticity. When  the  vault  is  fractured  from  direct  violence,  the  inner  table  is  more  extensively 
fissured  than  the  outer  table,  because  the  elements  of  the  latter  are  compreased,  while  thoee  of  the 
former  are  stretched  apart  The  weak  areas  at  the  base  of  the  skull  through  which  fractiires  kk 
liable  to  extend  are :  in  the  anterior  cranial  fossa,  the  orbital  plates  of  the  frontal  bone,  and  th« 
cribriform  plate  of  the  ethmoid ;  in  the  middle  cranial  fossa,  the  region  of  the  glenoid  foasa  uf 
the  temporal  bone,  and  of  the  foramen  ovale  of  the  sphenoid  ;  in  the  posterior  fossa,  the  cerebellar 
foessB  of  the  occipital  bone.  The  strong  petrous  temporal  is  weakened  by  the  tympanic  cavitr 
and  by  the  deep  jugular  fossa. 

Oranio-Oerebral  Topography.  —  Of  the  many  methods  which  have  been 
devised  for  mapping  out  the  relations  of  the  cranial  contents  to  the  scalp,  that 
introduced  by  Professor  Chiene  is,  probably,   the  most   useful  from  a   cdinical 


extent  that  contributiDg  to  the  free  surface  of  the  hemiBphere.  The  motor  areas 
extend  a  little  in  front  of  the  superior  and  inferior  pre-oentral  sulci,  which  cannot 
therefore  be  regarded  as  physiological  boundaries. 

Keference  to  Fig.  879  shows  that  of  the  main  areas  that  for  the  lower  extremity 
occupies  the  upper  third  of  the  motor  region,  that  for  the  upper  extremity  the 
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sreoi  to  Ibe  coavolutiou,  and  to  ChiFiie'a  lines. 

C.  Mid-iwiut  of  AR 

CD  in  ilrsua  pumllel  l«  AH. 

Z,  Post'BUrlcubr  point 

VW.  Ouide  to  antfrior  limit  of  UUnl  uuiu. 

Y.  Ma>toid  antrum. 

".  Site  at  uliit:)i  aubanchnoid  ipace  m*y  bt  openad. 

*>.  Site  for  draining  lateral  ventricle  (Kocher). 

*•.  Site  for  draining  lateral  rentriele  (Keen). 


middle  third,  while  the  face  occupies  the  lower  third.  The  relative  topography  of 
the  chief  sub-divisions  of  these  main  areas  is  shown  in  Tig.  880.  It  must  be 
remembered,  however,  that  there  exists  much  overlapping  of  the  adjacent  areas. 

The  lateral  ventricle  may  be  Uipi>ed  or  drained  from  above,  by  traversing  brain 
tissue  for  a  depth  of  4  to  5  cm.  through  the  superior  frontal  sulcus,  li  in.  (two 
lingers'-breaJtb)  in  front  of  tlie  point  K,  the  instrument  being  directed  downwards 
and  backwards  (Kocher). 

Xeen  drains  the  ventricles  through  an  opening  1^  in.  behind  the  external 


J 


sphenoid  oo  to  the  anterior  inferior  angle  of  the  pariet&l  bone.  At  the  anterior 
inferior  angle  of  the  parietal  bone,  the  artery  frequently  runs  in  a  canal  for  a 
diBtance  of  half  an  inch.  It  followB,  therefore,  that  a  considerable  thickness  of 
bone  has  to  be  sawn  through  at  the  lower  segment  of  the  circle  before  the  disc  can 


Fid.  8S1. — Cranio-Cehebhal  Topoohafut. 
Giiidiug  linu  (Chiene's),  bluB  ;  siitunw,  green  ;  maalngeal  srtariM,  red  ;  sulci,  bUck. 
G.   OlabellL  C.     H id- point  of  Aa 

0.    Inion.  MA  la  divided  into  tbinis  «t  K  uid  L. 

H.  Hid-poiiit  betweeu  G  and  O.  CD    la  dnwn  parallel  t«  AM. 

T.    Mid-point  betweeu  M  and  0.  Z.      Post-iuricuUr  point. 

S-    Hid-point  between  T  ud  0.  VW.  Oaide  to  ulterior  limit  of  Utanl  ainiu. 

E.    Extemil  uigulnr  proceaa.  Y.     Mastoid  antrum. 

P.     Root  at  lygoma  (pre-anrlenlat  point).  *'.      Bite  at  which  gubaiachiioid  apace  maf  be  Openfd. 

N.    Mid-point  of  EP.  **.      Site  for  draining  lateral  ventricle  (Kocber). 

R.    Mid-point  of  P3.  **.     Site  for  draining  IsUnl  Tcntncle  (Koea). 

be  removed,  and  during  the  removal  bleeding  may  occur  from  the  artery  as  it  lies 
in  the  canal 

Vogt  localises  the  anterior  divmon  at  a  point  a  thumb 's-breadth  behind  tbe 
tubercle  on  the  posterior  border  of  the  malar  bone  and  two  fingers'-breadth  above 
the  zygoma.  Kronlein  trephines  at  a  point  1^  in.  behind  the  external  angular 
process,  on  a  line  drawn  from  the  supra-orbital  margin  backwards  parallel  to 
Beid's  base  line.     If  the  centre  of  the  trephine  be  placed  at  tbe  mid-point  of  tbe 


chrocically  inflamed  it  ia  liable  to  give  rise  to  secondary  periostitis  and  oeaeoua 
narrowing  of  the  canal. 

The  relations  of  the  osseous  walls  of  the  canal  are  of  importance  to  the  sai^eon. 

Roof  or  miixtold  antnini  IVxterior  bianch  at  mMdls  mailngnl  utRT 

PMlerior  pirt  of  ml  if!™I  »rt»Ty 


Fio.  882. — View  ok  the  Ovter  Wall  of  the  Middle  Ear. 

St^ctioii  through  the  1«ft  temjioral  hone  of  n  child,  to  uliow  the  relatioDB  of  the  lui'lillc  ear  and  lUMtoid  lulrum 

to  the  miililte  and  posterior  fossip  of  the  ekiill. 

The  whole  of  the  upper  wall  and  the  tipper  half  of  the  posterior  wall,  developed 
from  the  squamous  portion  of  the  temporal  boue,  consist  of  two  layers  of 
compact  bone,  an  upper  and  a  lower,  which  are  continuous,  the  former  with  the 
inner  tahle,  the  latter  with  the  outer  table  of  the  skull.  The  upper  plate  passes 
inwards  to  the  petro-Bquamoua  suture,  where  it  becomes  continuous  with  the  outer 
edge  of  the  tegmen  tympani,  which  roofs  over  the  tympanic  attic  and  the  mastoid 
antrum :  the  lower  plate  bends  downwards  and  inwards  at  its  deepest  part  to  form 

the  lower  and  outer  wall  of 
„,.    the  tympanic  attic  and  the 
anterior  part  of  the  outer 
Me'  wall  of  the  antrum  (Traut- 

*"*  mann).     It  follows,  there- 

fore, that  when  the  mastoid 
ui,  antrum  is  abnormally  small, 

^  due  to  sclerosis  of  the  bone, 

or  when  it  is  encroached 
uponbyafar-forward  lateral 
sinus,  it,  along  with  the 
tympanic  attic,  can  be 
opened  by  perforating  the 

Fin.8S:!.  —  I.Rrr  Tympanic  .Mkmbhisk    m  viewed  from  the  eitern.il        .*^   ,.  "'tVu  j 

flmlilory  meatus),    x3.    (From  Howdei..)  junction   of  the  upper  and 

posterior  walls  of  the  os- 
seous ciinal,  tlie  instrument  being  directed  inwards  and  slightly  upwards.  Upon 
the  upper  and  posterior  segment  of  the  external  auditory  process  is  the  ntpn- 
meatal  apine ;  this  small  but  important  process,  developed  from  the  equgmous  portion, 
can  usually  be  distinctly  made  out  in  the  liviug  subject  by  pressing  upwards  and 
backwards  with  the  forefinger  placed  in  the  external  auditor)'  meatus. 

The  lower  half  of  the  posterior  wall  of  the  osseous  canal  (pceterior  part  of  the 
tympanic  plate)  is  fused  with  the  anterior  part  of  the  mastoid  process,  and  cloees  the 
lower  and  anterior  set  of  mastoid  cells  (border  cells). 

Anteriorly  and  inferiorly  the  osseous  canal  is'related  respectively  to  the  Uaapom- 
maxillary  articulation  and  the  parotid  gland  ;  hence  it  follows  that  blows  upon  the 
chin  may  fracture  the  tympanic  plate  as  well  as  the  base  of  the  skull,  that  pain  on 


and  middle  ear,  and  that  in  young  childi-en,  in  whom  the  tympanic  plate  ia  incom- 
pletely ossified,  suppurative  inflammation  is  liable  to  extend  from  the  ear  to  the 
parotid  region. 

Clinically,  to  obtoin  a  view  of  the  membnna  tympani  a.  Bpeculum  and  a  reflecting 
mirror  are  employed  ;  the  auricle  ie  pulled  upwards,  backwards,  and  outwards,  in  order  to 


Pio.  88*. — ViBW  Of  THB  Inhbr  Wall  or  the  Middle  Ear. 

Section  tbrongb  the  left  temporal  bone  of  b  child,  to  show  the  reUtions  of  ths  [iiiddle  enr  nnd  nuutoid  uitruni 

to  the  ini4lll«  and  puslerior  foxsn  or  the  skull. 

straighten  the  cartilaginous  part  of  the  canal.  The  healthy  membrane  is  pearly  gray,  eemi- 
opaque,  slightly  concave  outwards,  and  obliquely  placed,  being  inclined  outwards,  especially 
above  and  behind. 

The  handle  and  short  procesH  of  the  malleus,  both  embedded  in  the  membmna  tympani, 
are  the  only  objects  distinctly  Been  when  the  healthy  ear  is  examined  with  the  Bpeculum. 


Stylo-masWfd  fowiui 
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[1  Odteh  Wall  r> 


The  short  process  of  the  nudleus  projects  outwards,  and  presents  itself,  therefore,  as  a 
distinct  knob-like  projection  at  the  upper  part  of  the  membrane  ;  passing  forwards  and 
backwards  from  this  process  are  the  anterior  and  posterior  folds  of  the  memhranft 
tympani;  they  form  the  lower  limit  of  Shrapnell's  membrane,  and  correspond  to  the  line 
of  the  chorda  tympani  nerve.  The  handle  of  tlie  malleus,  situated  at  the  junction  of  the 
two  upper  quadrants,  ia  seen  passing  downwards  and  backwards  to  the  point  of  maximum 
concavity  of  the  membrane  (umbo),  situated  a  little  below  its  centre  (Fig.  883) ;  passing 
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healthy  ears.  Normally,  the  long  process  of  the  incus  is  but  faintly  Tisible,  and  still  less 
BO  are  the  promontory  and  foramen  rotundum ;  in  the  condition  of  Eustachian  obatructiot), 
however,  in  which  the  membrane  is  indrawn,  these  structures,  along  with  the  folds  of  the 
drum,  become  more  distinct. 

In  performing  the  operation  of  paracetUtn*  of  the  tympanic  membrane  the  poBtero- 
inferior  qitadrant  is  the  site  chosen  for  making  the  puncture,  as,  in  addition  to  providiug 
good  drainage,  it  is  farthest  removed  from  important  structures,  especially  the  chorda 
tympani  uerve. 

In  order  to  understand  the  clinical  importance  of  the  parts  seen  through  the  traris- 
lucent  membrane,  it  ia  necessary  to  study  the  relative  position  of  the  structure  of  the 
"  Tiieso-tympanum,"  that  is  to  say,  that  part  of  the  tympanum  which  lies  opposite  the 
tympanic  membrane.  If  the  tympanic  plate  and  the  tympanic  membrane  be  carefully 
removed  so  as  to  leave  the  ossicles  and  chorda  tympani  nerve  in  position,  it  will  be  secu 
that  the  head  of  the  malleus  and  the  body  and  short  process  of  the  incus  are  alt<^ether 
above  the  tympanic  membrane,  and  that  they  occupy  the  tTinpanic  ftttic  or  «^tympsiiic 
Space  (Fig.  885).  At  the  junction  of  the  two  upper  quadrants  of  the  membrane  is  thetwndla 
of  the  mallvas,  which  is  directed  downwards,  backwards,  and  inwards.  Tlie  short  procett 
of  the  maUeni  ia  directed  outwards  a  little  below  the  deepest  part  of  the  roof  of  the 
osseous  external  auditory  canal.  Opposite  the  postero-superior  quadrant  are  the  loof 
process  of  the  incus,  which  descends  behind  and  almost  parallel  to  the  handle  of  the 
malleus,  and  the  stapes,  which  is  directed  inwards  and  slightly  backwards  to  the  foramen 
ovale.  The  chorda  tympani  nerve  runs  from  behind  forwards  between  the  outer  surface 
of  the  upper  part  of  the  long  process  of  the  incus  and  the  inner  surface  of  the  neck  of 
the  malleus.  At  the  deepest  part  of  the  roof  of  the  osseous  canal  above  the  ch«rda 
tympani  nerve  and  the  short  process  of  the  malleus  is  a  notch  {nofch  of  Bivini),  which 
is  occupied  by  the  flaccid  and  highest  portion  of  the  membrana  tympani  {Shrapneir* 
membrane).  Opposite  the  postero-inferior  quadrant  of  the  drum-head  is  the  promontory 
of  the  cochlea,  below  and  behind  which  is  the  foramen  rotnndnm.  Opposite  the  autero- 
superior  quadrant  are  the  processus  cochleariformis,  the  tendon  of  the  tensor  tympani,  and 
the  passage  leading  towards  the  Eustachian  tube. 

The  itmtr  toaU  of  the  tympanic  cavity  is  related  to  the  internal  ear.     The  upper  teall 
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Fia.  886.— SEtTiDN  thbouuh  Pbtbiius  PoRTmN  or  Tskwral  Bons  of  ADI'LI. 
Showing  tlie  relalioo  of  tlie  niiUdle  ear  to  tbe  midilte  *nd  poatedar  foaac  of  the  tknlJ. 

separated  from  the  middle  fossa  of  the  skull  and  the  under  surface  of  the  touipuml 


avoia  opening  cne  miuaie  losaa  oi  me  skuxl  ie  cnuaren  cne  aupra-mastom  cresu 
is  not  developed,  so  that  if  the  operator  mistake  the  posterior  root  of  the  zygoma 
for  the  crest,  he  will  open  into  the  middle  fossa  of  the  skull  immediately  in  front 
of  the  attic.  The  upper  and  posterior  quadrant  of  the  osseous  meatus  is,  thert^fore, 
the  only  reliable  guide  to  the  antrum  in  the  child. 

The  i^iner  wall  is  formed  by  a  thick  plate  of  spongy  bone  which  separates  the 
antrum  from  that  portion  of  the  posterior  fossa  lying  between  the  aqueduct  of 
the  vestibule  and  the  groove  for  the  sigmoid  portion  of  the  lateral  sinus,  and  whi<.'h 
contains  the  posterior  semicircular  canal. 

The  roof,  which  slopes  downwards  and  forwards,  is  formed  by  the  posterior  and 
thinnest  part  of  the  tegmen  tympani. 

The  _floor  is  on  a  lower  level  than  the  aditus,  and  is  therefore  nnfavourably 
placed  for  natural  drainage. 

The  mastoid  procew  begins  to  develop  in  the  second  year.     As  development 


Fid.    887.  — Fkontal    SiNusRa     nr    Avekaor  Pki.     8S8.  —  A     LAKcit      Riiibt     PBD^a.tL 

DIUEN9IOM3,  WITH  A    MESCAL  SRPTUU  (Logan  S[NU8      WITH      9e1T|!«      OBLIlJfl!       TO     THE 

Turdtrl.  Left  (Logau  Turner). 

advances  the  diplbe  surrounding  the  antrum  in  the  child  becomes  excavated  to 
form  the  mastoid  cells,  which  radiate  from  the  antrum,  and  either  directly  <ir 
indirectly  communicate  with  it  by  small  openings.  In  the  pneumatic  type  <>i 
mastoitl  the  whole  of  the  process  is  excavated  by  these  cells,  which  exttiud 
upwards  into  the  squamous  portion,  forwards  to  the  posterior  wall  of  the  ossemL- 
meatus  (iMDrder-cells),  and  backwanls  into  the  occipital  bone.  Pus  retained  within 
the  " honUr-cdls"  may  bulge  into,  and  rupture  through,  the  posterior  wall  of  the 
osseous  meatus.  Less  frequently  the  mastoid  cells  are  absent,  the  bone  consiHtin>; 
either  of  osseous  tissue  similar  to  that  of  the  diplue,  or  of  dense  bone  (sclenwM'il 
type). 

The  mastoid  process  is  grooved  upon  its  inner  surface  by  the  sigmoid  portion  of 
the  lateral  stnas.  The  average  distance  of  the  foremost  part  of  the  sinus  &om  the 
supra-meatal  spine  is  1  cm.  The  right  Binus  usually  receives  the  sujiericr 
longitudinal  sinus,  and  when  this  is  the  case  it  is  larger  and  farther  forward  than 
the  left ;  in  extreme  <^ase8  it  may  reach  to  within  2  or  3  mm.  of  the  meatus.  Tlie 
average  minimum  distance  of  the  lateral  sinus  from  the  otitfr  surface  of  the 
mastoid  is  about  1  cm.,  but  when  the  sinus  is  large  and  far  forward  the  tbjcknt^i 
may  be  reducud  to  1  or  2  mm. 

The  tkcial  nerre,  after  entering  the  aqueduct  of  Fallopius  at  the  bottom  of  the 
internal  auditory  nicittus,  lies  immediately  above  and  behind  the  foramen  oralf, 
between   it  and  the  prominence  of  the  external  semicircular  canal ;    thence  it 


Fin.  890, — Vertical  Coronal  Skction 

posterior  wall.     The  muco-periostoal  lining,  which  readily  stripe  from  ll 
thiD  and  pale,  and  provided  with  mucouB-aecreting  glands. 

In  many  individuals,  by  the  aid  of  Iram-illttminatum,  the  extent  of  the  sitiiip 
positioH  of  the  intervening  aeptum  may  be  mapped  out  upon  the  forehead. 
purpose  a  small  electric  lamp  h  placed  against  the  floor  of  the  sinns,  beneath 
third  of  the  supraorbital  margin.  In  exploring  the  sinua,  the  opening  in  the  b 
he  made  close  to  the  mesial  plane,  immediately  above  the  root  of  the  noBC. 
cases  of  deviation  of  the  septum  one  sinua  may  extend  bo  far  across  the  mcsi 
the  forehead  as  to  reduce  the  other  to  a  mere  alit ;  in  such  cases  the  surgeon  i 
open  the  diseased  sinus  when  the  operation  is  performed  through  the  anterior  i 
sinus  frequently  contains  incomplete  partitions,  which  give  rise  to  the  formation 
and  recesses  usually  found  towards  the  external  angle  of  the  sinus ;  when  dt'i 
chronic  suppiiration  of  the  sinuses,  special  attention  should  be  paid  to  tbe.«c 
well  as  to  the  Uackward  extension  of  the  cavity  along  the  orbital  roof,  Thi 
ethmoidal  cells  are  closely  related  to  the  thin  inner  or  nasal  portion  of  the  tli 
sinus  and  its  duct  of  eiit ;  hence  suppuration  very  frequently  co-eiist«  in  boil 
In  some  cases  pus  flows  directly  from  the  frontal  sinus  and  infundibulum 
hiatus  semthinaris  into  the  maxillary  antrum,  which  opens  into  the  back  [u 
hiatus.  Killian's  operation  for  the  cure  of  chronic  suppuration  in  the  sinus  c 
the  removal  of  its  anterior  and  inferior  walls,  the  supra-orbital  ma^in  bei: 
prevent  the  falling  in  of  the  eyebrow.  By  removing  the  frontal  process  of  tin 
maxilla  good  access  may  at  the  same  time  be  obtained  to  the  ethmoidal  cells 
drainage  established  between  the  frontal  sinus  and  the  nasal  cavity, 

THE  FACE. 

The  skin  of  the  face  is  thin,  vaacular,  and  rich  in  BBbaceous  and  sweal 
it  is  intimately  connected  with  the  subcutaneous  tiaaue,  in  which  are  imbe 
facial  muscleB  as  well  as  the  main  blood-veseels.  Owing  to  its  elaGtJcit; 
the  presence  of  the  main  blood-vessels  in  the  lax  subcutaneons  tissue,  the  J 
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admirable  site  for  plastic  operations,  as  the  flaps  do  not  necrose  in  spite  of  consider- 
able tension.  The  laxity  of  the  tissues  accounts  for  the  marked  swelling  which 
attends  oedematous  and  inflammatory  conditions  about  the  face.  Whenever  pos- 
sible, incisions  should  be  made  along  the  line  of  the  natural  furrows  and  creases  of 
the  skin,  so  as  to  render  the  resulting  cicatrix  less  noticeable. 

The  bony  landmarks  of  the  face  which  may  be  readily  palpated  are:  the 
superciliary  lidges  and  the  glabella,  the  luudon  (fronto-nasal  junction),  the  bridge  of 
the  nose,  the  osseous  anterior  nares  and  the  nasal  spine,  the  supra-  and  infira-orbital 
margins,  the  external  and  internal  angular  processes,  the  anterior  part  of  the  temporal 
crest,  the  malar  bone,  the  zygomatic  arch,  and  the  region  of  the  canine  fossa  of  the 
upper  jaw. 

Immediately  below  the  root  of  the  zygoma,  and  in  front  of  the  upper  part  of 
the  tragus,  is  the  condyle  of  the  Jaw.  By  pressing  with  the  point  of  the  finger 
upon  the  condyle  while  the  mouth  is  being  widely  opened,  the  bone  will  be  felt  to 
glide  forward,  while  the  finger  sinks  deeply  into  the  hollow  corresponding  to  the 
glenoid  cavity.  The  close  relation  of  the  first  part  of  the  internal  maxillary  artery 
to  the  inner  aspect  of  the  neck  of  the  jaw  must  be  kept  in  mind  in  operations 
calling  for  disarticulation  or  excision  of  the  condyle.  The  ascending  ramus  of  the 
jaw  is  sandwiched  between  the  masseter  and  the  pterygoid  muscles,  and  can  be 
removed  without  opening  into  the  mouth.  Passing  downwards  from  the  condyle, 
one  can  palpate  the  anterior  and  posterior  borders  of  the  ascending  ramus  and  the 
angle  and  body  of  the  mandible.  The  anterior  border  of  the  coronoid  process  is 
felt  in  front  of  the  upper  part  of  the  anterior  border  of  the  masseter,  immediately 
below  the  anterior  part  of  the  zygomatic  ari3h. 

The  pulsation  of  the  facial  artery  may  be  felt  as  the  vessel  crosses  the  lower 
margin  of  the  mandible  at  the  anterior  border  of  the  masseter,  1\  in.  in  front  of 
the  angle  of  the  jaw.  To  map  out  the  course  of  the  artery  upon  the  face,  draw  a 
line  from  this  point  to  a  point  ^  in.  external  to  the  angle  of  the  mouth,  and 
thence  to  a  point  a  little  behind  the  ala  nasi  and  along  the  side  of  the  nose  to 
the  inner  angle  of  the  orbit.  The  facial  vein  lies  behind  the  facial  artery,  and 
takes  a  straighter  course  from  the  inner  canthus  to  the  anterior  inferior  angle  of 
the  masseter.  The  vessel  is  devoid  of  valves,  hence  infective  phlebitis  and  throm- 
bosis are  liable  to  spread  along  it  to  the  cavernous  sinus  by  way  of  the  ophthalmic 
and  pterygoid  veins. 

A  line  projected  downwards  from  the  supra-orbital  notch  (junction  of  inner 
and  middle  thirds  of  the  supra-orbital  margin)  to  the  lower  border  of  the 
mandible  opposite  the  interval  between  the  two  lower  bicuspid  teeth,  will  cross 
the  infra-orbital  and  mental  foramina,  the  former  ^  in.  below  the  infra-orbital 
margin,  the  latter  midway  between  the  upper  and  lower  borders  of  the  lower  jaw. 
In  performing  the  operation  of  neurectomy  for  the  relief  of  trigeminal  neuralgia, 
these  foramina  furnish  the  guides  to  the  correspondingly-named  branches  of  the  fifth 
nerve.  It  should  be  remembered  that  the  nerves  in  question,  after  emerging  from 
their  respective  foramina,  lie,  in  the  first  instance,  beneath  the  facial  muscles.  The 
supra-orbital  and  infra-orbital  nerves  are  not  infrequently  represented  each  by  two 
branches,  one  of  which  passes  through  an  accessory  foramen  situated  external  to 
the  normal  opening.  Neurectomy  of  the  inferior  pental  nerve  is  performed  by 
trephining  the  ascending  ramus  of  the  jaw  midway  between  its  anterior  and  pos- 
terior borders,  on  a  level  with  the  crown  of  the  last  molar  tooth,  the  nerve  being 
reached  as  it  enters  the  inferior  dental  canal :  the  lingual  nerve,  which  lies  a  little 
anterior  to  the  inferior  dental,  can  be  exposed  through  the  same  opening. 

The  focial  nerve,  after  emerging  from  the  stylo-mastoid  foramen,  is  imbedded 
in  the  parotid  gland  where  it  is  superficial  to  the  external  carotid  artery;  the 
nerve  can  be  rolled  under  the  finger  as  it  crosses  the  posterior  border  of  the  ascend- 
ing ramus  of  the  jaw  at  the  level  of  the  lower  margin  of  the  tragus ;  incisions  con- 
tinued along  the  ramus  above  this  point  should  be  only  skin  deep  if  the  nerve  is 
to  be  avoided.  To  expose  the  trunk  of  the  nerve  an  incision  is  made  from  the 
anterior  border  of  the  mastoid  process  to  the  angle  of  the  jaw.  Incisions  upon  the 
cheek  should,  whenever  possible,  be  planned  so  6is  to  run  pamllel  with  the  branches 
of  the  nerve;  these  radiate  from  the  lower  end  of  the  tragua  The  nerve  may 
83  b 


pressing  the  coronary  arteries,  bj  plugging  the  anterior  nares,  or  bj  grat 
cartilaginous  part  of  the  noae  firmlj  between  the  linger  and  thumb. 

The  maxillary  Binns  or  antrum  of  Higbmora,  situated  in  the  upjiur 
pyramidul  cavity  with  its  base  formed  by  the  outer  wall  of  the  nose  nnd 
directed  towards  the  malar  bono  (Fig.  126).  The  cavity  is  lined  by  a  th 
periosteal  membrane,  easily  separable  from  the  bone;  in  the  mucous 
numerous  mucous  glands  from  which  cysts  may  develop.  The  floor  of  th< 
which  is  at  or  a  little  below  the  level  of  the  floor  of  the  nose,  is  separu 
the  roots  of  the  bicuspid  and  molar  teeth  by  a  plate  of  boae  of  varying  I 
When  tills  plate  is  thiu  and  devoid  of  spongiosa,  the  floor  of  the  antrum  eii 
the  level  of  the  floor  of  the  nose,  and  suppuration  at  the  roots  of  one  of 
above  mentioned  is  in  these  circumstances  very  liable  to  extend  to  the  aut: 
an  antrum  of  average  dimensionB  the  line  of  union  of  the  nasal  and  facia 
the  cavity  corresponds  externally  to  the  outer  edge  of  the  canine  ridg 
Turner).  The  antral  orifice  is  situated  at  the  highest  part  of  the  anl 
is  therefore  unfavourably  placed  for  natural  drain^e ;  it  opens  into  the 
and  lower  part  of  the  infundibulum,  which  in  its  turn  communicates 
middle  meatus  of  the  noae  through  the  hiatus  xemiluvaTis.  In  old  age 
frequently  a  second  communication  between  the  antrum  and  middle  nu 
opeoiog  being  situated  behind  and  below  the  normal  orifice;  when  this 
osleum  exists,  pus  from  the  antrum  may  drain  backwards  into  the  na»u 
(Logan  Turner).  In  empyema  of  the  antrum  the  opening  te  evacuate  a 
the  cavity  may  be  made  (1)  through  the  alveolus  of  the  second  bicuspid  • 
hrat  or  second  molar  tooth,  the  first  molar  being  the  site  of  election ;  {2] 
the  canine  fossa,  external  te  the  prominence  caused  by  the  root  of  the  cani 
or  (3)  through  the  outer  wall  of  the  inferior  meatus  of  the  noee. 

1Afi%. — In  compressing  the  coronarjr  uterieB,  it  must  be  remembered  i 
run  beneath  the  mucous  surface  of  the  lips  a  short  distance  from  their  free 
The  lips  are  abundantly  supplied  with  mncooa  glands  which  can  be  felt  imi 
beneath  the  mucous  membrane  nearer  their  attached  than  their  free  bor 
glands  are  a  frequent  source  of  mucous  cysts;  occasionally  they  are 
congenitally,  giving  rise  to  one  form  of  hypertrophy  of  the  lip. 

llare-tip  is  due  to  failure  of  the  union  of  the  auperficia!  parts  of  the  iutemul 

,„  .  ,    division  of  the  fronto-iiaaal  ptwcess 

_ Olobol^x  proc™  „^,i],^^  p^^^  .Fig_  89ij_   'Vl.e  <lc 

'  Dl&cioiT      opokenof  as  complete  or  incoiiipletf 

K^  pit  as  the  cleft  extends  into  the  uostril 

uwmi        involves  a  portion  of  the  lip.     The  ti 

M«i  involve  the  lip  only,  or  it  may  in 

^™™'        alveolar  process  of  the  jaw  ;  in  the  I 

the  deft  may  or  may  not  be  associal 

HMiiiBrr      cleft  of  the  paUte.    Lastly,  the  harc-l 

pnjww         single  or  double,  according  as  the  dtlii 

occurred  on  one  (usually  the  left)  or  ) 

Fig.    H92,  taken   from   a  corwu 

through  the  head  of  a  human  criibr 

seventh  week,  shows  how  the  mout 

off  from    the    nasal   cavitieu  by  l|] 

inwards  from  the  deep  aspect  of  tlie 

process    of     two    horizontal    plHtt^ 

Fio.  891.— Head  oi-   Hvm/lH   Emirto  about   2B    „  \      i  ■  i.        ■.    ■     .i.        ■  i  n 

Dav.  oud.  ^h-wbg  the  divi«o..  of  th.  lower  p.rt  P«^««e«)  *'"«]'  ".'»*«    "  t»"^  n"""'' 

of  Ilic  mesUl  froLl»l  process  iuto  the  two  globular  each   other  and  with  the  lower  Uir. 

procesma,  the  Intervention  of  the  olfwrtory  pits  Septum  of  the  nOBC  ;  the  latter,  whit'l 

between  the  mesial  »id  lateriil   naul  processes,  as  a    dowilgrowtb     from    the    pfiiiiil 

r^j'-nir^s:;  vti  -£^,.  ■."^~". » «■»«■■»«"  ."tcnoH, -iti 

mparatecl  by  the  oculonasal  sulcui  ((Votn  Hin).      internal  uasal  processcB  which  lonn 

maxillee  and  the  middle  portion  of  i 

hp.     The  various  degrees  of  eleft  jtalaU  are  due  to  the  more  or  lesa  compli' 


maxillary  project! 
moved  altogettier 
nothing  left  to  sii 
upper  lip,  and  tli' 
^f  au    ugly  deformit 

the  comparative 
aud  redundancy  ol 
lip. 

^„f         Teeth.— The 

iiiia       begin  to  appcar 

sixth  to  the  eight 

p^,,„,   the  first  to  eiiiei 

the  lower  ceotni 

The  first  dentitic 

pleted  about  the 

moDth.  Delayed 

18  generally  due  t 

Of  the  peimaaen 

Fia.  894.  — Shows  ABRANasHENT  op  Bonm  in  Doctble  Cleft  P*t,4TB  hrst   to  erupt  art 

(Handioot  qf  Praelieai  Surgery,  Betfmuia,  Btans,  ind  a'Aalliiz).         HlolarS,  wbich    a 

the  end  of  the 
seveath  year;  the  third  molars  (wisdom  teeth),  the  last  to  appear,  ni 
any  time  between  the  eighteenth  and  the  twenty-fifth  year,  or  even  li 
the  permanent  teeth  pueh  their  way  towards  the  surface,  absorption  of 
of  the  first  set  takes  place,  which  either  fall  out  of  their  own  accord  or  a 
removed,  Loea  of  the  permanent  teeth  ia  followed  by  absorption  of  the 
margin  of  the  jaw.  The  tooth  sockets  are  lined  by  a  thin  periosteum, 
anatomically  continuous  with  the  pulp  tissue  of  the  teeth  on  the  one  ham 
dense  fibrous  tissue  of  the  deep  layer  of  the  gum  on  the  other. 

The  upper  incisors  and  canines  and  the  lower  bicuspids  have  cylindru 
hence  in  extracting  these  teeth  they  should  be  first  loosened  by  a  slight 
movement ;  the  roots  of  the  lower  incisots  and  canines  and  of  the  uppor 
am  fteUtened,  so  that  they  must  be  loosened  by  a  lateral  movement  The 
the  wisdom  teeth  are  convergent,  generally  welded  together  and  curved  bu 
especially  in  the  lower  jaw.  The  first  and  second  upper  molars  have  th 
which  are  often  divergent  (Figs.  719  and  720). 

TODjpie. — For  practical  purposes,  as  well  as  on  developmental  and  s 
grounds,  it  is  convenient  to  divide  the  tongue  into  an  anterior  two-thi 
oro-glo«nu,  and  a  posterior  third— the  pharyngo-Klossos  (Wingrave),  Fig.  i 
the  junction  of  the  two  portions,  immediately  behind  the  median  circu 
papilla,  is  the  foramen  cncmn,  which  represents  the  remains  of  the  upper  or 
geal  extremity  of  the  thjro-glossal  tract.  Congenital  cysts  and  Jiatvlce  whicV 
from  persistent  remains  of  this  tract  are  always  mesial ;  those  arising  I 
upper  or  lingual  portion  of  the  tract  are  situated  above  the  hyoid  bone, 
those  developed  from  the  lower  or  thyroid  portion  are  situated  below  tl 
bone.  The  liability  of  these  cysts  and  fistulee  to  recur  after  operation  13 
due  to  the  fact  that  part  of  the  epithelial  tract  Ues  in  the  sutntance  of  t 
bone. 

The  mucous  membrane  covering  the  pharyngo-gloesus  is  much  more  i 
than  that  covering  the  oro-glossus,  hence  in  using  a  tongue  depressor  tht 
ment  should,  except  under  special  circumstances,  rest  only  upon  the  lattei 
otherwise  a  refiez  arching  of  the  tongue  will  be  set  up,  which  prevents  the 
from  obtaining  a  satisfactory  view  of  the  throat.  Scattered  over  the  p) 
glossuB  are  clusters  of  lymidiaid  foUiclas  (lingual  tonsils),  which  appear 
surface  as  a  number  of  nodular  umbilicaled  elevations  provided  with  littli 
into  which  mucous  glands  open  (Fig.  710).  The  lingual  tonsils  are  I 
chronic  inflammation  and  hypertrophy,  conditions  which  are  often  accomp; 


t  mesially. 

b  arise  from  the  lyni; 
ibetauce  of  the  toDgv 
open  partly  into  the  : 
iguUr  chain  lying  in: 
(2)  Huginal  tmnkB  v 
the  mylohyoid  muse 
glands;  others  pass  i 
igloBsuB  muscle  to  join 
>heir  lingual  origin  th 
;  basal  trunks,  from  th> 
vards  the  lower  extreu 
constrictors  of  the  pbe 
i  gland  placed  on  th 
of  the  digastric  (4)  1 
le  genio-hyo-gloBsi,  pa 
submaxillary  space,  a 
lOndon  of  the  digastri 

the  gums  is  the  alvt 
IngoB,  which  passes  u 
mediately  on  either  s 
's  duct  A  little  extt'i 
r  under  the  thin  muc 
)  arteries  and  the  lingi 
erefore  not  visible. 

the  floor  of  the  alvc 
overhes,  and  is  caust 
ixillary  gland  (Whart 
side  of  the  sublingual 

he  rauiue  Teaaels  and  tli 
I  linguae  are  the  antcrioi 
tubercles.  Id  opeistioiu 
aw,  or  the  sepamtion  of 
vard,  otberwiBe  the  pati 
;rance  to  the  laryux.  I) 
le  calculus  ehould  be  fix< 
]g  down  upon  it. 

the  mouth  communica 
Dugh  an  opening  wh 
le  jaws  cannot  be  sepa 
ube  passed  along  the  I 

ep  inspiration,  the  sol 
le  fauces  are  rendered 

from  the  anterior  sur 
irch  downwards  and  n 
lity  of  the  lateral  Imn 
lation  of  the  lower  fre 
come  attached  to,  and 
r  with  the  lower  edge 

hemispherical  opcniii 
of  the  mucous  m<^mbr 

side  of  the  isthmuB,  U 
are  situated  opixsite 


structures.     In  diffuse  suppurative  cellulitis  of  this  compartment  the  pus  burrows 
towards  the  root  of  the  neck,  and  may  reach  either  the  mediastinum  or  the  axilla. 

Middle  Line  of  the  Neck. — The  Inxiy  of  the  hroid  bono  divides  the  middle  line 
of  the  neck  into  sopra-  and  in&a-hyoid  portiooB.  Above  the  hyoid  bone  is  the  sub- 
mental triangle,  with  its  apex  at  the  lower  border  of  the  symphysis  menti  anil  iUs 
sides  formed  by  the  anterior  bellies  of  the  digastrics.  In  the  floor  of  the  triangle 
are  the  anterior  portions  of  the  mylo-hyoid  muscles,  separated  by  the  median 
raphe  (Fig.  79).  The  most  important  structures  in  the  triangle  are  the  mbmentAl 
lymphatic  glands,  which  can  usually  be  felt  a  little  above  the  body  of  the  hyoid 
bone.  They  are  a  frequent  seat  of  abscess  secondary  to  impetigo  of  the  lower  lip 
and  chin.  About  1  in.  below  the  hyold  bone  is  the  pomnm  Adami,  more  prominent 
in  the  male  than  in  the  female.  On  either  side  of  the  pomum  Adami  are  the  al.-e 
of  the  thyroid  cartilage,  while  between  the  latter  and  the  hyoid  bone  is  the  thyro- 
hyoid membrane.  In  the  operation  of  suh-hyoid  pharyngotomy  the  epiglottis  and 
the  superior  opening  of  the  larynx  are  reached  by  ]»assing  through  the  anterior 
wall  of  the  pharynx  at  the  level  of  the  thyro-hyoid  membrane.  The  structures 
divided  from  without  inwards  are:  the  integuments,  the  sterno-hyoid,  omo-hyoid, 
and  thyro-hyoid  muscles,  the  middle  portion  of  the  thyro-hyoid  membrane,  along 
with  a  layer  of  fat  between  it  and  the  lower  part  of  the  epiglottis,  and.  finally, 
the  glosso-epiglottidean  ligament  and  fold  of  mucous  membrane.     The  incision 


u]  Jngulv  vfin 
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Flo.  888.— Dissection  or  tub  Front  oi'  the  Neik.  The  lower  portiom  of  the  ■terno'iDutoJ'l  miuic)« 
hare  been  removed,  and  tbe  lower  jmrt  of  the  right  commoQ  c»roti<l  utery  cut  aw«y  to  show  the  •lerprr 
parts  (from  CuDuiiiBhain). 

must   not   be  extended  too  fnr  on  either  side  of  the  mesial  plane   for  fear  of 
wounding  the  superior  laryngeal  Teasels  and  nerve  which  pierce  the  thin  lateral 

portions  of  the  thyro-hyoid  membrane. 

The  wound  in  piiii;iilal  cut-lhriHil  is  gencinllv  at  lliis  level.  The  more  iuportani  Mnictunt. 
whicL  are  usually  diviiki!  aiv  ;  more  or  U'«<  iif  the  left  Ptenio-maBtoid  iiuiBcle,  ihe  superior 
thyroid  vessels,  tlie  thyro-hyoid  nii     '  -•      >  -      -<■  -i-  i  -- j    i-—  »-  i- 


to  tne  vessel  are  tne  lower   ooraur  oi   tiie  auomasiuary  giana,  &Da  tne  ii 


Kiel.  SOO.— Lateral  Ahfect  or  Nbck. 

nerve  and  lingual  vein,  which  lie  upon  the  hyo-gloasus,  the  latter  beinj, 
by  the  vertical  direction  of  its  fibres,  The  floor  of  the  digastric  triauj^l 
from  before  backwards,  by  the  mylo-hyoid,  hyo-glosaus,  and  superior 
of  the  pharynx.  The  lymphatic  glanda  of  this  space  receive  their  lyuif 
the  face,  lips,  teeth  and  gunis,  tongue,  and  floor  of  the  mouth.  ' 
cellulitiB  of  the  connective  tiasue  of  this  space  is  called  angina  Ludoviei 

Carotid  Triangle. — The  central  landmark  of  this  triangle  is  the  gn 
the  hjroid  bone,  the  tip  of  which,  when  the  fascia  is  relaxed,  may  >)e 
immediately  in  front  of  the  anterior  border  of  the  etemo-mastoid,  at  a 
spending  to  the  centre  of  a  line  drawn  from  the  tip  of  the  mastoid  jir 
pomum  Adami.  The  deep  cervical  fascia  holds  the  upper  part  of 
mastoid  forwards  towards  the  angle  of  the  jaw,  so  that,  with  the  fasciu 
the  anterior  border  of  the  eterno-mastoid  overlaps  the  internal  juguh 
the  bifurcation  of  the  common  carotid  artery. 

The  coupse  of  the  carotid  veaaeU  is  indicated  upon  the  surface  by  a  lit 
from  the  upper  end  of  the  stemo-claviculat  articulation  to  a  point  iiiid\ 
the  angle  of  the  jaw  and  the  tip  of  the  mastoid  process ;  a  point  up 
at  the  level  of  the  upper  border  of  the  thyroid  cartilage,  overlies  tin 
of  the  conmion  carotid.  The  anterior  belly  of  the  omo-hyoid  cros^ies  t 
carotid  at  the  level  of  the  cricoid  cartilage.  The  pulsations  of  the  cai 
may  be  felt  in  the  hollow  between  the  larynx  and  the  anterior  border  o 
mastoid.  In  the  carotid  triangle  the  extenial  carotid  lies  internal  i 
to  the  interual  carotid.  The  seat  of  election  for  ligation  of  the  exie 
ia  between  its  superior  thyroid  and  lingual  branches,  a  finger's-breadt 
tip  of  the  great  cornxi  of  the  hyoid  bone  ;  the  difficulty  in  the  operat 
the  plexus  of  veins  (formed  by  the  common  facial,  lingual,  and  supe 
veius)  which  overlies  the  artery.  The  lingual  and  facial  arteries  fre<: 
f-«™  ^«^.„...^^  f—^i-  ...i,;^!,  ™.,,.»  „„^  K^  ^j^t^i.^..  fQj  (i,g  external  c- 


it  is  the  most  important  guide  to  the  vertebral  artery,  which  enters  the  foramen  in 
its  transverse  process,  it  is  often  referred  to  as  the  "  vertehral  arterial  tubtrcU." 

In  operations  in  this  region,  on  the  left  aide,  it  is  important  to  avoid  the 
thoracic  duct,  which  extends  upwards  into  the  neck  one  inch  verticallj  above  the 
inner  end  of  the  clavicle,  and,  after  arching  outwards  behind  the  common  carotid, 
descends  behind  the  lower  inch  of  the  internal  jugular  vein. 

The  cervical  portion  of  the  oasophaguB,  which  begins  at  the  level  of  the  cricoid 
cartilage,  descends  behind,  and  a  little  to  the  left  of,  the  trachea.  To  expose  it,  the 
surgeon,  after  passing  through  the  above-mentioned  muscular  triangle,  passes 
between  the  trachea  and  the  carotid  sheath ;  or  it  may  be  expoeed  through  an 
incision  in  the  middle  line,  the  trachea,  which  is  freely  movable,  being  displaced  to 
the  right  side.  To  opening  the  (Esophagus  care  must  be  taken  not  to  injure  the 
recurrent  larsrage&I  nerve  which  ascends  in  the  groove  between  it  and  the  trachea, 
and  also  that  the  loose  submucous  cellular  interval  must  not  be  mistaken  for  thit 
lumen  of  the  tube.  The  recurrent  laryngeal  nerve  must  be  avoided  also  in 
operations  connected  with  the  thyroid  gland ;  it  is  most  liable  to  be  injured  during 
the  application  of  a  ligature  to  the  Inferior  tliyroid  artery,  which  arches  inward.i  in 
front  of  the  nerve  to  reach  the  posterior  surface  of  the  gland.  Adjacent  to  the 
lateral  aspects  of  the  cervical  portions  of  the  trachea  and  ceaophagus  are  a  few  small 
lymphatic  glands  which  receive  their  efferent  vessels  from  the  larynx,  trachea, 
tesophagus,  and  thyroid  body.  The  efferent  veaaels  from  this  chain  join  either  the 
inferior  carotid  or  eulxilavian  glands. 

The  Posterior  Triangle. — Imbedded  in  the  deep  cervical  fascia  at  the  ]iost«rior 
border  of  the  stemo-mastoid  muscle,  is  a  chain  of  lymphatic  glands  which  lies  in 
close  relation  to  the  spinal  accessory  nerve  and  to  the  branches  of  the  cervicnl 
plexus ;  these  glands  are  a  frequent  source  of  abscess  in  pediculosis  and  impetigo  of 
the  scalp.  The  posterior  belly  of  the  omo-hyoid,  which  forms  the  upper  boundary 
of  the  anpraclaviculor  division  of  the  posterior  triangle,  passes  beneath  the  posterior 
border  of  the  stemo-mastoid  at  a  point  about  one  inch  above  the  clavicle.  The 
external  joKular  vein,  usually  visible  through  the  skin,  runs  in  a  line  from  the  angle 
of  the  jaw  to  the  middle  of  the  clai'icle  ;  it  is  the  vessel  which  is  generally  openoi 
to  relieve  the  right  side  of  the  heart  in  asphyxia.  The  lumen  of  the  vein  is  ke)il 
patent  where  it  pierces  the  fascia  of  the  subclavian  triangle ;  hence  a  wound  of  the 
vein  ill  this  situation  is  liable  to  Ije  followed  by  the  suction  of  air  into  the  cireuln- 
tion  during  inspiration.  The  third  part  of  the  Hntelavian  artery  can  be  compresRei) 
against  the  first  rib  by  pressing  downwards  and  backwards  immediately  above  tlie 
clavicle,  a  little  behind  the  posterior  border  of  the  sterno-maatoid  muscle.  To  map 
out  the  course  of  the  sulxilaviau  artery  in  the  neck,  dmw  a  line,  convex  upwa^^s, 
from  the  upper  border  of  the  stemo-clavicular  articulation  to  the  luiddh^  of  llif 
clavicle,  the  highest  part  of  the  arch  to  reach  from  J  to  1  in.  almve  the  bone.  Ti> 
liffatvre  the  vessel  in  the  tliinl  part  of  its  course,  an  angular  incision  is  made  alonn 
the  middle  of  the  upjHjr  border  of  the  clavicle  and  the  lower  part  of  the  posteriur 
Iwrder  of  the  ster no- mastoid  muscle.  The  most  important  guides  to  the  veseel  ure 
the  posterior  belly  of  the  omo-hyoid,  the  outer  bonier  of  the  scalenus  anticus,  sn<i 
the  scalene  tubercle  of  the  hrst  rib.  The  close  relation  of  the  vessel  to  the  loweci 
trunk  of  the  brachial  plexus  and  to  the  cervical  pleura  must  be  kept  in  mind.  In 
the  rare  instances  in  which  a  cervical  rib  is  present  the  subclavian  artery  lies  either 
in  fi-ont  of  it,  or  arches  above  it,  according  to  the  degree  of  development  of  the  rili. 
The  sabdavian  vein  lies  below,  and  anterior  to,  the  artcrj',  altogether  under  cover  ul 
the  clavicle. 

Entering  the  i>OBterior  triangle  from  behind  tlie  outer  border  of  the  scalenus 
anticuH  are  the  trunks  of  the  brachial  plexus.  They  lie  upon  the  scalenus  metlics. 
and  can  be  felt  through  the  skin  imuiedlately  above  and  behind  the  third  part  i>l 
the  subclavian  artery.  The  anterior  primary  division  of  the  fifth  cervical  nerve 
supplies  the  rhomboids,  the  abductors  and  external  rotators  of  the  arm,  and  the 
flexors  and  supinators  of  the  forearm  ;  that  of  the  sixth  the  serratus,  the  adductorx 
antl  internal  rotators  of  the  arm,  and  the  extensors  and  pronators  of  the  forearm : 


to  the  level  of  the  sixth  or  seventh  costal  cartilage,  or  it  may  be  even  to  the  infra- 
sternal  notch  (Fig.  902). 

The  anterior  border  of  the  left  lotiK  is  mapped  out  by  a  correepondiDg  line  as 


Klu.  902.— UWsEtTII.S  01-  A  SVBJKLT  HAHDtNtB  KV  F„HMAU.N-INJEl-T[OX,  to  show  the  nlatious  of  the  t*(. 
pleural  lacs  as  viewe'l  from  tlie  front.  The  aiil«riar  and  diiphragiuatk  liuci  of  pleunl  reflection  uc 
eibiUUd  by  black  d(itl«<)  liues,  whilst  the  outlines  or  the  lunge  and  their  Ghsutch  an  indicated  bj  the 
blue  liuea  (troni  CuDninghun). 

far  as  the  fourth  costal  cartilage ;  tlience  it  is  directed  outwards  along  the  tower 
border  of  the  fourtli  costal  cartilage  to  the  para-stemal  line ;  it  then  passes  down- 
wards and  slightly  outwards  across  thu  fourth  interspace,  and  curves  inwards 
behind  the  fifth  costal  cartilage  and  fifth  interspace  to  reach  the  upper  border  of 
the  sixth  costal  cartilage  in  the  para-aternal  line.  The  lower  part,  therefore,  of  the 
anterior  surface  of  the  right  ventricle  is  uncovered  by  lung  and  gives  a  completely 
dull  note  on  percussion  ;  this  area  is  spoken  of  as  the  area  of"  eiipfrjieial  or  absolutf 
cardiac  dulness." 


anterior  border  to  the  sixth  costal  cartili^  in  the  mid-clavicular  line,  and  thence 
in  a  slightly  curved  direction,  with 
the  convexity  downwarda,  acroas 
the  lateral  aspect  of  the  chest  to 
the  tenth  dorsal  spine.  This  line 
crosses  the  eighth  rib  in  the  mid- 
axillarj  line  and  the  tenth  rib  in 
the  scapular  line  (Figs.  904  and 
905). 

To  indicate  the  position  of  the 
obliqae  flssnres  a  line  is  drawn  from 
the  second  dorsal  spine  across  the 
interscapular  region  to  the  root  of 
the  spine  of  the  scapula,  and  thence 
downwards  and  outwanis  across 
the  infraspinous  fossa,  to  end  at 
the  lower  border  of  the  lung 
opposite  the  sixth  costal  cartilage, 
a  little  internal  to  the  mammary 
line.  When  the  arm  is  raised 
above  the  level  of  the  shoulder,  and 
the  hand  placed  on  the  back  of 
the  head,  the  inferior  angle  of  the 
scapula  is  rotated  upwards  and 
forwards  so  that  the  verte Viral 
border  practically  corresponds  with 
the  line  of  the  oblique  fissure. 

The  transTarse  flBsore  of  the 
right  lung  is  mapped  out  by 
drawing  a  line  from  the  anterior 
border  of  the  lung,  at  the  level  of 
the  fourth  costal  cartilage,  outwards 
and  slightly  upwards  to  join  the 
middle  of  the  obUque  fissure. 

Pleura.— The  line  of  isflection 
of  the  right  plenn  from  the  back 
of  the  sternum  may  be  said  to 
correspond  to  the  anterior  Itorder 
of  the  right  lung. 

On  the  left  side,  the  pleural  re- 
flection corresponds  to  the  anterior 
border  of  the  left  lung  as  far  as 
the  lower  edge  of  the  fourth 
chrondro  -  sternal  junction,  from 
which  point  it  diverges  slightly 
and  descends  behind  the  left  border 
of  the  sternum  to  the  sixth  CM)stal  cartilage  (Fig.  902).  It  is  only  occasionally 
that  the  inner  extremities  of  the  fifth  and  sixth  interspaces  are  uncovered 
by  pleura. 

The  richt  costo-diaphracmatlc  reflection  (see  Figs.  903  and  907)  is  indicated  on 
the  surface  by  a  line  drawn  from  the  sixth  or  seventh  chondro-stemal  junction  (some- 
times the  infra-sternal  notch)  downwards  and  outwards  to  a  point  two  inches  verti- 
cally above  the  angle  of  the  tenth  costal  cartilage ;  from  this  point  the  line  is  carried 
with  a  slightly  downward  curve  across  the  lateral  aspect  of  the  chest  to  tbe 
twelfth  rib  at  the  outer  margin  of  the  erector  spinie ;  thence  it  passes  below  the 
ftwAlfth   rih   niiH    rpachps    thfi   vprt«hra]   rnliimn   fth   t.ho   Ifivfil   of  thft   utiTmr  hnn^Ar 


Fio.  e04.— L&TBKAL  View  iiv   tbk  Biqbt  Plbural  Sau-; 

A  SCBJICT  BIHDINED  BI   FORHALIN- INJECTION.      The  bll 

linn  Indicate  the  outline  of  the  right  luog,  and  also  t1 
poeiliou  of  iti  Suures  (from  CaaniDghani). 


of  the  tirst  lumbar  vertebra. 

On  the  r\<iht  tide  the  postoiior  mediaatinal  pleura,  as  it  passes  from  the  poeteriot 
iiapect  of  the  pericardium  backwards  b)  the  front  of  the  vertebral  column  sweeps  over  the 


right  side  of  the  ossoph^us  ;  hence  malignaut  ulcere  of  the  cesopbagua  are  more  likely 
to  invade  the  right  pleura  than  the  left.  On  the  left  tide  the  posterior  mediastinal  pleura 
passes  from  the  lateral  aspect  of  the  bodies  of  the  vertebrae  ou  to  the  left  side  of  the 
aorta.  Hence,  to  evacuate  pus  from  the  posterior  mediastinum,  there  is  less  risk  of 
opening  the  pleura  if  the  space  be  entered  from  the  left  side  of  the  vertebral  colume. 

The  seat  of  election  for  tapping  tkf  jdeura  (paraeentetit  pleurte)  is  the  sixth  or  seventh 
costal  interspace  a  little  in  front  of  the  post«rior  aiillary  fold.  To  allow  of  the  introduc- 
tion of  a  tube  to  drain  away  the  pus  from  the  pleural  cavity  in  empyema,  a  portion  of  one 
of  the  ribs  (siith  to  ninth)  is  resected.  The  intercostal  vessels  and  nerves,  which  lie  in  the 
groove  at  the  lower  border  of  the  rib,  are  avoided  by  removing  the  portion  of  bone  suU 
periosteally.  If  the  chest  is  opened  in  the  sciipular  line  care  must  be  taken  not  to  resect 
either  the  seventh  or  the  eighth  ribs,  which  are  exposed  when  the  arm  is  elevat«d.  but 
overlapped  by  the  augle  of  the  scapula  when  the  arm  is  lowered. 

Anteriorly,  the  bifurcation  of  the  trachea  lies  at  or  a  little  below  the  anyului 
Ludovici,  while  posteriorly  it  lies  a  little  below  the  level  of  the  root  of  the  spine 
of  the  scapula,  opposite  the  fourth  dorsal  apine.  The  bifurcation  takes  place  otw 
vertebra  higher  in  the  infant  than  in  the  adult  (Symington). 

The  septum  between  the  right  and  left  bronchi  lies  a  little  to  the  left  of  the 
middle  of  the  trachea,  and  the  right  bronchuB  is  wider  and  more  nearly  in  a  line 
with  the  trachea  than  the  left  bronchus,  hence  the  greater  tendency  of  foreign 
bodies  to  enter  the  former. 

The  roots  of  the  Inngs  are  situated  opposite  the  fourth,  fifth,  and  sixth  dorsal 
spines,  midway  between  them  and  the  vertebral  borders  of  the  scapulte. 

The  lower  end  of  the  trachea,  the  bronchi,  the  vagi,  and  the  left  recurrent  UryngcaJ  nerr?, 
are  atl  more  or  lexa  Hiirrounded  by  lymphatic  glands,  which,  when  enlarged,  may  exert  iojuiioiu 
pressure  tipun  them. 


--     1 


Viened  from  the  front,  the  outline  of  the  precordul  area,  like  that  of  the  peri- 
cardial Bac,  is  roughly  triangular,  the  base  of  the  triaogle  beiag  below  and  the  apex 
above.     The  bouodahes  are  delineated  upon  the  eurface  aa  followe : — 

The  right  side  of  the  triangle,  formed  by  the  right  aaricle,J8  indicated  by 
drawing  a  line  slightly  convex  outwards  from  the  upper  end  of  the  third  to  the 
sixth  costal  cartilage  a  finger's-breadth  from  the  edge  of  the  sternum ;  the  curve 
attains  its  maximum  opposite  the  fourth  intercostal  space,  where  it  reaches  one 
and  a  half  inch  from  the  middle  line. 

The  base  of  the  triangle,  formed  by  the  margo  acutua  of  the  right  ventricle  and 
to  a  very  slight  extent  by  the  apical  portion  of  the  left  ventricle,  is  almoi^t 
horizontal,  and  corresponds  to  a  line  drawn  from  the  lower  extremity  of  the  right 
side  of  the  triangle  to  the  apex  of  the  left  ventricle,  which  lies  behind  the  fifth  left 
intercostal  space,  three  and  a  half  inches  from  the  middle  Une  and  half  an  inch 
internal  to  the  mid-clavicular  line.  The  base  line  crosses  the  xiphoid  cartilage 
at  its  junction  with  the  body  of  the  sternum. 

The  le/i  side  of  the  triangle,  formed  by  the  margo  obtusus  of  the  left  ventricle,  is 
indicated  by  a  slightly  curved  line  extending  from  the  apex  of  the  heart  upwards 
to  the  lower  edge  of  the  second  interspace,  a  fia^r's-breadth  from  the  sternum,  the 
convexity  of  the  curve  being  directed  outwards  and  slightly  upwards. 

The  truncated  apex  of  the  triangle,  which  lies  behind  the  sternum  at  the  level 
of  the  second  intercostal  space,  correaponda  to  the  highest  part  of  the  heart, 
namely,  where  the  auricular  appendices  embrace  the  aorta  and  pulmonary  artery. 

The  anterior  pa^t  of  the  right  .aflricnlo-TfintriMdar  groove  is  mapped  out  by  a 
line  drawn  from  the  middle  line,  opposite  the  lower  Dorder  of  the  third  right  costal 
cartilage,  downwards- and  outwards  to  the  sixth  right  chondro-stemal  junction; 
the  line  should  be  slightly  convex  upwards  and  to  the  right.  The  rifht  aoiictiUi' 
appendix  lies  at,  or  a  little  to  the  left  of,  the  middle  line,  at  the  level  of  the  second 
intercostal  space  and  the  upper  border  of  the  third  costal  cartilage.  The  left 
aniicular  appendix  lies  behind  the  second  left  intercostal  space,  close  to  the  edge  of 
the  sternum. 

The  inferior  surface  of  the  heart  (facies  diaphr^matica)  rests  upon  the  diaphrag- 
matic or  hasal  part  of  the  pericardium.  The  true  posterior  surface  of  the  heart  is 
formed  mainly  by  the  left  auricle,  which  is  moulded  posteriorly  upon  the  ceeopbague, 
the  aorta,  the  bronchi,  and  the  bronchial  glands,  the  pericardium  intervening. 
The  left  auricle  extends  behind  the  right  auricle  for  a  considerable  distance  to  the 
right  of  the  mesial  plane. 

In  determining  the  position  of  the  cardiac  onfi-ces  and  (heir  valves  it  is  to  be 
remembered  that  they  are  all  situated  to  the  left  of  the  right  auriculo-ventricular 
groove,  and  that  they  lie  in  the  following  order  from  above  downwards^ — viz.  pul- 
monary, aortic,  mitral,  and  tricuspid.  When  delineated  on  the  surface  they  will 
be  seen  to  lie  within  an  ellipse  whose  long  axis  extends  from  the  upper  border  of 
the  third  left  to  the  sixth  right  chondro-sternal  junction. 

The  pulmonary  orifice,  directed  upwards  and  slightly  backwards  and  to  the  left. 
lies  opposite  the  upper  border  of  the  third  left  chondro-stwTial  junction  ;  the  aortic 
orifice,  directed  upwards,  backwards,  and  to  the  right,  lies  further  from  the  surfacp. 
behind  the  left  half  of  the  sternum,  opposite  the  lower  border  of  the  third  cosImI 
cartilage  ;  the  mitral  orifice  lies  at  a  lower  level  behind  the  left  half  of  the  sternum, 
opposite  the  fourth  rib ;  the  orifice  of  the  opening  is  directed  downwards,  forwarda. 
and  to  the  left.  The  tricuspid  orifice,  situated  nearer  the  anterior  wall  of  the  chesl 
than  the  mitral,  lies  very  obliquely  behind  the  right  half  of  the  sternum  at  ihe 
level  of  the  fourth  and  iifth  cartilages  atid  intervening  space. 


'  Althougli  llic  finit  aud  second  lonndi  of  the  heart  arc  lieard  all  over  the  cAirliac  area,  tb( 

X  soimdB  proaiitcd  by  the  individual  valves  are  heard  most  diBtinetly,  not  directly  over  their  auB- 

Itomica]  tiituation,  but  over  the  area  where  the  (avity  in  wliieh  the  valve  lies  approftehpe  nearrs' 
to  tlie  Burtacp.     Hence  the  mitral  Bontid  is  lieat  hea'rd  over  th?  ai>ei  (mitral  area),  Ihe  trii.'u,«|ii'l 

" '    *         * '   irea),  the  anMic  over  the  Befond  riglil 

jiiid  left  intureoBtal  fi|>ace  (pn)miinari 


sternum.  Wheu,  howevur,  tui;  pericardial  sac;  is  distended  with  fluid,  the  pleura  a  puihed  out- 
warde^  and  will  thureforc  escape  injury  if  the  puucture  be  made  at  a  safe  dkiance  external  to  the 
internal  maniiua^  vessels,  viz.  one  inch  external  to  the  left  Inrder  of  the  Btemuni. 

To  establish  free  drainage  in  suppurative  pericarditis,  the  sixth  left  coetal  cartilage  must  W 
resccttid  and  the  internal  luaimnarr  vesseb  ligatured ;  the  triangularis  stemi  and  tue  pleiiial 
reflection  arc  then  pushed  aside  and  the  perieardiuni  exposed  and  ineised. 

The  ascending  aorta  lies  behind  the  sternum,  opposite  the  second  and  third  ribw, 
and,  unless  dilated,  does  not  project  beyond  its  right  border.  The  upper  border  ol' 
the  aortic  arch  lies  at  or  a  little  above  the  centre  of  the  nianubrium  stemi ;  in  tbu 
child  the  vessel  may  reach  as  high  as  the  upper  border  of  the  mauubriiim. 

The  innominate  and  left  common  carotid  arterieB  diverge  from  either  side  of  the 
mesial  plane  between  the  upper  part  of  the  manubrium  atemi  and  the  front  of  the 
trachea.  A  pin  pushed  directly  backwards  immediately  above  the  middle  of  the 
Bupra-etemal  notch  will  strike  the  inner  border  of  the  innominate  artery  a  Utile 
below  ita  bifurcation. 

The  pnlmonary  artery  lies  behind  the  left  border  of  the  sternum  opposite  thu 
second  interspace  and  the  second  costal  cartilage. 

The  left  innominate  vein  hes  behind  the  upper  part  of  the  manubrium  stemi, 
the  right  behind  the  inner  end  of  the  right  clavicle.  The  superior  vena  cara  hea 
immediately  to  the  right  of  the  margin  of  the  sternum,  opposite  the  tinsl 
and  second  interHpaces  and  the  intervening  second  rib ;  its  opening  into  the  right 
auricle,  behind  the  third  chondro-stemal  articulation,  corresponds  to  the  centre  of 
the  root  of  the  right  lung. 

(Eaopha^s. — The  average  length  of  the  cesophagus  in  the  adult  is  10  iu. 
(25  em,) ;  the  distance  from  the  incisor  teeth  to  its  commencement  is  6  in. ;  to  the 
point  or  level  where  it  is  crossed  by  the  left  bronchus,  9  in, ;  to  the  (esophageal 
opening  of  the  diaphragm,  14  to  15  in. ;  to  the  cardiac  orifice  of  the  stomach,  16  in. 
These  measurements,  which  are  of  great  importance  in  diagnosing  the  seat  of 
asophageal  obstructions,  should  be  marked  off  from  below  upwards  upon  all 
oesophageal  bougies  and  probangs.  Posteriorly,  the  a'sophagus  extends  from  the 
level  of  the  sixth  cervical  spine  to  that  of  the  tenth  dorsal,  a  little  to  the  left  of 
which  is  the  situation  at  which  the  stethoscope  is  placed  in  order  to  hear  the  sound 
produced  by  the  passage  of  Huid  into  the  stomach. 

Clinically  it  is  im|x>rtant  to  bear  iu  mind  the  relation  of  the  osupliagus  lu  the  trachea  aod 
left  bronchuij,  to  the  left  recuirent  laryngeal  nerve,  to  the  bronchial  and  posterior  medias- 
tinal glands,  to  the  descending  thoracic  aorta,  and  to  the  right  po9t(.Tior  mediastinal  pleura 
Ulcers  of  the  cesophagos  arc  liable  to  open  into  either  the  trachea,  the  left  bronchus,  or  ihi- 
rigUt  pleura. 

The  veins  of  the  lower  end  of  the  (esophagus  open  partly  into  the  aystcmiv  veins  and  ]iartJy 
into  the  portal  system  ;  tike  those  at  the  lower  end  of  the  rectum  tliey  are  liable  to  bevonit 
varicose  in  conditions  which  give  rise  to  chronic  interference  with  the  portal  circulation. 

The  iymphalict  of  the  upper  part  of  the  oaophagus  oj'en  into  the  lower  carotid  glands,  the 
remainder  into  the  posterior  mediastinal  glands. 

The  oesophagus  is  very  distensible  in  the  ttansvene  but  not  in  the  anteni-poeteriur  diivctioD, 
hence  the  most  useful  forceps  for  removing  foreign  bodies  bum  the  (ssophaguaarethoeewliich  open 
laterally. 

THE  ABDOMEN. 

THE   ANTEUIOR   ABDOMINAL   WALL. 

The  configuration  of  the  abdomen  varies  with  the  age,  sex,  oliesity,  and  muscular 
development  of  the  individual  In  the  child  it  is  wider  alx)ve  than  below,  while 
the  converse  is  the  case  in  the  adult  female.  It  is  most  prominent  in  the  region  of 
the  ambilicas,  which  is  situated,  normally,  below  the  mid-point  between  the  infra- 
sternal  notch  and  the  symphysis  pubis,  us\ially  a  little  below  the  level  of  the  highest 
part  of  the  iliac  crest,  and  opposite  the  middle  of  the  body  of  the  fourth  lumbar 
vertebra.  In  the  obese,  and  esi>ecially  when  the  abdominal  muscles  have  loet  their 
tone,  the  umbilical  region  becomes  prominent  and  more  or  less  pendulous,  so  thai 
the  umbiUcufi  may  come  to  lie  considerably  below  the  normal  level     In  the  child 


the  eymphysia  pubis  towards  the  umbilicus.  The  vessel,  together  with 
third  of  Poupart's  ligament  and  the  lower  part  of  the  outer  border  of  t 
bounds  a.  triaagle  known  a»  Heaselbach's  tiiuigle.  As  the  deep  epiga.s 
passes  upwards  and  inwards  to  disappear  behiod  the  conjoined  tendoi 
outer  border  of  the  rectus,  it  hes  behiud  the  spermatic  cord  immediatel 
to,  and  below,  the  internal  abdominal  ring.  The  floor  of  Hesselbach's  1 
formed  throughout  by  the  fascia  transversalis,  superficial  to  which,  over 
half  or  so  of  the  triangle,  is  the  conjoined  tendou.  An  oblique  itigniiiiLi  he: 
the  abdomen  at  the  internal  abdominal  ring  and  traverses  the  whole 
the  inguinal  canal ;  its  coverings  are  therefore  the  same  as  those  of  the 
cord,  and  the  neck  of  the  sac  lies  external  to  the  deep  epigastric  artery, 
variety  of  hernia  is  also  termed  an  exlemal  inguinal  hernia.  A  dir» 
hernia,  on  the  other  hand,  instead  of  traversing  the  whole  length  of  thi 
canal,  pushes  before  it  that  part  of  its  posterior  wall  which  is  formed  b 
of  Hesselbach's  triangle.  The  'neck  of  the  aac,  therefore,  lies  internal  ti 
epigastric  artery,  and  this  variety  of  hernia  may  be  termed  an  interna, 
hernia.  If  a  direct  hernia  makes  its  way  through  the  inner  part  of  H 
triangle,  it  derives  a  covering  from  the  conjoined  tendon  as  weU  as  from 
transversalis ;  if  through  the  outer  part  of  the  triangle,  the  outer  edge  o 
joined  tendon  curves  round  the  Inner  side  of  the  neck  of  the  sac.  To 
constriction  at  the  neck  of  the  sac,  in  the  case  of  an  oblique  inguinal  hemi 
of  the  knife  Is  directed  upwards  aud  outwards  to  avoid  the  deep  epigas' 
while  in  a  direct  hernia  the  artery  is  avoided  by  dividing  the  conatri< 
upward  and  inward  direction.  In  an  ohliqv-e  inguinal  hernia  the  sac 
the  infundibuliform  fascia  (fascia  propria  of  the  hernia),  whereas  In  a  di: 
the  fascia  propria  is  derived  from  the  fascia  transversalis  of  Uesaelbach 
The  extra -peritoneal  fat  which  covers  the  outer  surface  of  the  hernial  sj 
times  hypertrophled  to  such  an  extent  as  to  amount  to  a  fatty  tumour. 

In  a  large  proportion  of  children  at  birth  the  fonicnlar  proceu  of  \> 
which  connects  the  tunica  vaginalis  testis  with  the  abdominal  \y 
especially  on  the  right  side,  is  still  patent.  Should  the  bowel  forc 
aloug  the  patent  process  a  congenital  ingiinal  beniia  arises.  In  the  i 
the  cases  of  congenital  inguinal  hernia  it  will  be  found  that  the  tunica) 
testis  has  been  shut  off  by  closure  of  the  lower  part  of  the  funicular  pr 
the  upper  part  remaining  patent  and  forming  the  sac  of  the  hernia.  In 
the  operation  for  the  cure  of  Inguinal  hernia.  It  should  be  borne  in  mi 
the  acquired  form  the  hernia  produces  the  sac,  whereas  In  the  congeni 
the  sac  is  the  cause  of  the  hernia ;  it  follows,  therefore,  that  in  the  op 
acquired  hernia  the  closure  of  the  canal  Is  as  important  as  the  removal  o 
tion  of  the  sac,  while  In  a  congenital  hernia  the  most  essential  part  of  tht 
is  the  closure  of  the  neck  of  the  sac,  and  as  the  muscular  and  fascial 
forming  the  walls  of  the  canal  are  well  developed,  they  should  be  inter 
as  little  as  possible.  A  patent  funicular  process  may  persist  during 
without  any  bowel  descending  into  it ;  on  the  other  hand,  years  after  In 
may  suddenly  enter  it.  In  practically  all  oblique  inguinal  hemife,  wliic 
suddenly  in  children  as  well  as  in  adolescents  and  young  adults,  tht 
congenital  origin, 

111  th(i  ordinary  form  of  hydrocele  the  fluid  is  confined  to  tlie  tunica  va^'i 
but  whei)  the  funicular  portion  of  the  processus  vaginaliH  remains  patcot,  tli 
may  extend  upwards  into  the  iuyuinal  aiiiHl,  and  may  or  may  not  coninmuifii 
general  peritoneal  cavity.  In  the  condition  known  as  encysted  hydrocele  uf  tl 
patent  funicular  process  is  shut  otT  both  from  the  tunica  vaginalis  testis  !U 
peritoneal  cavity 

Parallel  to  and  at  the  level  of  the  outer  half  of  Poupart's  ligament 
circnmllex  iliac  artery.  In  dividing  the  abdominal  wall  to  reach  the  sti 
the  iliac  fossas,  the  incision  should  be  made  in  the  angle  between  this  ves5 
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Mid-cUvicukr  line. 

T.      Tricuspid  orifice. 

A.C. 

AKsnding  colon. 

Para-3t«nial  line. 

n.L  Right  lung. 

T.C. 

Tr»iuiier«  coIod. 

Poujxrt  vertical  liu«. 

I^U   Lea  Lung. 

D.C. 

iDfncoHUl  line. 

PI.      Pleuro. 

11.  C. 

IUk  colon. 

1,.       Liver. 

P.C. 

Pelvic  coloD. 

Traiispyloric  line  ot  Aildlwn 

0.       G:sDphiigue. 

K. 

B«tDDI. 

nt.      Stoiusch. 

0.1. 

CommoD  iliac  artctr 

HeMt. 

Py.    Pylorus. 

El. 

External  iliac  irterr. 

Pulnioiuiry  orifice. 

I.V.C 

Inferior  veiu  car*. 

Jett  lumbar,  and  left  iliac  regions,  and  ib  related  to  tne  duodeno-jejunal  junction, 
tlie  greater  part  of  the  small  intestine,  part  of  the  transverse  colon,  the  splenic 
flexure,  the  descending  colon,  the  iliac  colon,  the  lower  part  of  the  left  kidney,  the 
left  ureter,  the  lower  part  of  the  nbdominal  aorta,  and  the  common  iliac  arteries. 
Suppuration  in  this  division  is  very  liable  to  extend  downwards  into  the  pelvis. 
Drainage  may  be  estabUshed  by  the  introduction  of  a  tube  either  through  the 
anterior  abdominal  wall  or  through  the  left  lumbar  region.  If  Buppuration  occur 
in  the  pelvis,  drainage  may  l>e  carried  out  through  the  anterior  abdominal  wall  or, 
in  the  case  of  the  female,  through  the  vagina. 

Liver. — The  lower  border  of  the  liver,  as  it  crosses  the  costal  angle,  can  readily 
be  determined  by  palpation  and  light  percussion  ;  it  jtasses  from  the  eighth  left  to 
the  tip  of  the  tenth  right  costal  cartilage,  and  crosses  the  mesial  plane  at  the  level 
of  the  transpyloric  line.  In  the  mid-axillart/  line  it  reaches  down  to  a  point  a 
little  below  the  lowest  part  of  the  tenth  right  costal  cartilage.  Above  the  left 
costal  margin  the  lower  border  passes  upwards  and  to  the  left  to  join  the  left 
extremity  of  the  liver  at  the  fifth  interspace  in  the  mammary  line.  The  higkfst 
part  of  the  liver,  which  corresponds  also  to  the  highest  part  of  the  right  arch  of  thf 
diaphragm,  reaches,  during  expiration,  to  the  level  of  the  fourth  intercostal  space  in 
the  mammary  line.  To  tlie  right  of  the  mesial  plane  the  upper  border  of  the  liver 
is  too  far  removed  from  the  anterior  wall  of  the  chest,  and  overlapped  by  too  thick 
a  layer  of  lung  substance,  to  be  accurately  determined  by  percussion.  Behind  the 
sternum  the  upper  border  reaches  to  the  level  of  the  sixth  ehondro-8t«rnal  junctions. 
To  the  left  of  the  mesial  plane  the  uppt^r  limit  of  the  liver  cannot  be  determined 
Ijy  percussion  as  it  merges  into  the  cardiac  dulness.  The  falciform  ligament  of  the 
liver  lies,  as  a  rule,  a  little  to  the  right  uf  the  mesial  plane. 

The  anterior  surface  of  the  liver  may  be  reached  through  a  mesial  inci^iiui 
extending  downwards  from  the  eusiform  cartilage,  or  by  an  oblique  incision  a  finger's 
breadth  below  and  parallel  to  the  right  costal  mai^iu.  To  obtain  free  access  to  the 
upper  surface  the  eighth  and  ninth  costal  cartilages  must  l>e  resected ;  the  seventh 
cartilage  should,  if  possible,  Ite  avoided,  otherwise  the  pleural,  and  even  the  j<eri- 
cardial  cavity,  may  be  opened.  Division  of  the  round  and  falciform  ligameutA 
allows  of  greater  downward  displacement  of  the  liver.  To  reach  the  centre  of  the 
lateral  surface  of  the  right  lo)je  i>ortions  of  the  seventh  and  eighth  ribs  should  Im 
resected  in  the  uiid-axillary  line,  and  Iwth  the  pleural  and  peritoneal  cavities  must 
he  traversed. 

The  relation  of  the  fundus  of  the  gall-bladder  to  the  surface  is  suliject  to  consider- 
able variation.  Normally  it  is  situated  oppasite  the  angle  lietween  the  ninth  costal 
cartilage  and  the  outer  border  of  the  rectus;  exceptionally  it  is  jiendulous  and 
suspended  from  the  liver  by  a  more  or  less  distinct  mesentery;  or  it  may  l« 
elongated  and  drawn  downwards  by  adhesion  to  the  duodenum  or  colon.  When 
displaced  downwards  it  is  liable  to  l>e  mistaken  for  a  floating  kidney,  but  may  i"** 
distinguished  from  it  by  the  fact  that  although  it  may  be  pushed  tackwards  inUi 
the  lumliar  region  it  returns  at  once  to  its  habitual  position  immediately  l>ehind 
the  anterior  abdominal  wall  as  soon  as  it  ceases  to  be  manipulated.  Thecystie  duct. 
which  is  alwut  an  incli  and  a  half  in  length,  is  sharply  Irent  upon  it=elf  close  to  its 
origin  at  the  neck  of  the  gall-bladder.  It  joins  the  hepatic  duct  at  a  very  acute 
angle.  The  passage  of  a  probe  along  the  normal  duct  is  rendered  difficult  by  the 
marked  flexure  at  its  commencement,  as  well  as  by  the  folded  condition  of  its  mucous 
membrane;  hence  also  the  frequency  with  which  calculi  become  impacted  at  the 
neck  of  the  gall-bladder.  In  excising  the  gall-bladder,  it  is  an  advantage  to  ligature 
and  divide  the  cystic  artery  and  duct  before  proceeding  to  detach  the  organ  from 
the  under  surface  of  the  liver.  The  common  bile-due/,  about  three  and  a  half  inchee 
in  length,  lies,  in  its  upper  third,  close  to  the  right  free  border  of  the  gastro-hepatic 
omentum.  When  cutting  into  this,  the  most  accessible  part  of  the  duct,  it  should 
be  drawn  forward  by  the  finger  introduced  behind  it,  through  the  foramen  of 
Winslow;  the  portal  vein,  which  must  be  avoided,  lies  behind  and  a  little  to  thu 
left  of  the  duct.  The  middle  third  of  the  common  duct  lies  a  little  to  the  rij;ht  of 
the  commencement  of  the  gastro-hepatic  artery  behind  the  first  part  of  the  duudeoum 


Peribration  of  an  ulcer  on  the  anterior  u-all  of  the  stomach  leads  to  ej 
tion  iuto  the  greater  sac  of  the  peritoneum,  while  if  the  perforated  ulcer 
the  posterior  wall,  extravasation  takes  place  into  the  lesser  sac.  The  clomi 
of  the  splenic  artery  aud  its  branches  to  the  posterior  wall  of  the  stomach 
the  severe  hsemorrhage  which  ia  sometimes  canned  by  a  posterior  ga-^ti 
The  surgeon  may  reach  the  posterior  wall  of  the  stomach  through  the  gti! 
omentum,  or,  after  throwing  upwards  the  great  omentum  and  transverse  > 
traversing  the  transverse  mesocolon  ;  by  the  former  route  the  posterior  wa 
stomach  is  reached  through  the  anterior  wall  of  the  leaser  sac,  in  the  In. 
through  its  posterior  wall. 

Dnodenom. — The  first  part  of  the  duodenum,  situated  in  the  right  hal 
epigastrium,  lies  behind  the  eighth  costal  cartilage,  immediately  intcru; 
gall-bladder,  and  is  overlapped  by  the  quadrate  lobe  of  the  liver.  If  tl 
be  passed  above  this  part  of  the  duodenum  and  towards  the  left,  behind  ' 
free  border  of  the  lesser  omentum,  it  will  occupy  the  foramen  of  Winslow, 
just  ki^e  enough  to  easily  admit  the  finger.  In  resecting  the  pylc 
surgeon  should  remember  that  the  gastro-duodenal  vessels  lie  behind  the  : 
of  the  duodenum,  about  one  inch  to  the  right  of  the  pylorus. 

The  second  part  of  the  duodenum  descends  in  the  right  vertical  I'oupart  y- 
is  crossed  about  its  middle,  at  the  level  of  the  infracostal  plane,  by  the  attat- 
the  transverse  mesocolon.  It  lies  in  front  of  the  hilum  and  lower  part  of  1 
border  of  the  right  kidney. 

The  tramverse  portion  of  the  ibird  part  of  the  duodenum  occupies  tl 
part  of  the  umbilical  region,  and  crosses  the  middle  line  about  one  inch  abi> 
joining  the  highest  part  of  the  iliac  crests ;  behind  its  commencement  is  t 
part  of  the  right  ureter. 

The  ascending  portion  of  the  third  part  of  the  duodenum  crosses  tl 
costal  plane,  and  ascends  upon  the  left  side  of  the  vertebral  column  op{j 
second  and  third  lumbar  vertebra. 

The  dnodeno-jelonol  flemre,  which  lies  in  the  transpyloric  plane  oue  iuc 
left  of  the  mesial  plane,  is  the  landmark  which  the  surgeon  makes  fur 
wishes  to  identify  the  commencement  of  the  jejunum  (Fig.  746,  p.  1054). 
the  Hexure  the  omentum  and  transverse  colon  should  be  thrown  upwards 
finger  passed  aloug  the  lower  layer  of  the  transverse  mesocolon  to  the  lei 
the  vertebral  column.  The  flexure  lies  in  the  angle  or  recess  formed  by  thi 
of  the  second  lumbar  vertebra  and  the  under  surface  of  the  Itody  of  the  ) 
With  the  finger  in  this  recess  the  commencement  of  the  jejunum  may  I" 
forward  a  little  to  the  left  of  the  superior  mesenteric  vessels  at  the  nx 
mesentery.  In  connexion  with  the  duodeno-jejunal  junction  is  the  dnoden 
fossa  {inferior  duodenal  fossa  of  Jonnesco),  formed  by  a  fold  of  peritorifii 
stretches  from  the  left  side  of  the  fourth  or  ascending  part  of  the  di 
upwards  to  become  attached  to  the  peritoneum  of  the  [xaterior  abdominal  \' 
to  the  inuer  border  of  the  left  kidney.  The  free  edge  of  the  fold  aud  the  i 
the  fossa  look  upwards.  This  is  one  of  the  situations  at  which  an  intcnu 
sometimi'H  develops,  the  sac,  as  it  enlargi^s,  extending  further  and  farther 
extra- peri t( meal  tissue  on  the  jmsterior  aWominal  wall.  Should  stnin 
occur,  the  lower  edge  of  the  orifice  must  be  divided  in  a  downward  dire 
order  to  avoid  the  superior  mesenteric  vein  which  curves  round  the  anti' 
upper  asjiects  of  the  orifice  (Treves). 

Small  Intestine. — The  coils  of  the  small  intestine  dip  downwards 
pelvis,  overlap  the  ascending  and  descending  portions  of  the  colon,  and 
upwards  to  the  attachment  of  the  transverse  mesocolon.  To  the  left 
mesentery  they  reach  as  far  as  the  under  surface  of  the  pancreas  and  th< 
flexure  of  the  colon  ;  here  they  are  overlapped  by  the  lower  part  of  the  t 
from  whicli  they  are  separated  by  the  transverse  mesocolon.  Thi^  only 
means  which  the  surgeon  has  of  distinguishing  the  upper  from  the  lower 
small  intestine  is  by  their  relation  to  the  duodeno-jejunal  flexure  and  t 


is  attached  by  the  lower  end  of  the  mesentery  to  the  upper  part  of  the  right  lateral 
wall  of  the  true  pelvis,  crosses  over  its  brim,  and  ascends  along  the  inner  edge  of 
the  cfecum  before  opening  into  it.  The  terminal  loop  of  the  ileum  may  be  hooked 
up  by  passing  the  finger  along  the  inner  side  of  the  csecum  downwards  over  the 
inner  border  of  the  psoas  and  the  external  iliac  vessels  into  the  pelvis. 

Meckel's  diverticiihiin,  which  iu  due  to  persistent  patency  of  the  pronimal  portion  of 
the  vitellitke  duct,  is  usually  situutcd  from  two  to  three  feet  above  the  ileo-ciccal  valve ;  its 
average  length  is  two  iuches.  Springing  from  the  antimesenterie  border  of  the  ileum,  its 
tonniuatiou  is  usually  free,  but  it  may  be  adherent  either  to  the  anterior  abdominal  wall, 
to  the  mesentery,  or,  more  rarely,  to  one  of  the  adjacent  viscera.  Wheu  itti  termination 
is  fixed  it  may  give  rise  to  strangulation  of  the  intestine. 

Large  Intestine. — The  c«cam,  which  occupies  the  right  iliac  region,  comes 
into  contact  with  the  anterior  abdominal  wall  immediately  above  the  outer  third  of 


lu  A,  tli«  csuHili  ii  viHHfld  from  the  front ;  tlis  mcwutery  of  tliv  Bpp«tidi>:  is  dlBtinct,  aud  in  attached  above 
to  lliB  under  surface  of  the  portion  of  the  raeseiiterj'  going  to  the  end  of  the  ileuui.  In  B,  the  cwcuiu 
is  turned  ujiwards  to  show  a  retro-cscsl  fossa,  which  liea  liehiml  it,  and  the  begipning  of  the  ascending 

Foupart's  ligament;  laterally,  it  extends  from  the  anterior  superior  iliac  spine  to 
the  brim  of  the  pelvis.  When  dilated,  it  extends  considerably  beyond  these  Umits ; 
when  empty,  it  is  generally  more  or  less  completely  overlapped  by  small  intestine. 
The  ileo-c«cal  valve  lies  at  the  junction  of  the  intertubercular  and  Poupart 
planes  (Fig.  913  V). 

The  orUice  of  the  appendix  opens  upon  the  postero-intemal  aspect  of  the  ctecum 
about  an  inch  below  the  ileo-ciecal  valve,  a  point  which,  according  to  M'Burney, 
may  be  located  on  the  surface  at  the  junction  of  the  outer  and  middle  thirds  of  a 
line  drawn  from  the  umbilicus  to  right  anterior  superior  iliac  spine.  The  appendix 
will  generally  be  found  to  pass  either  upwards  and  inwards  behind  the  lower  end 
of  the  ileum,  or  downwards  and  inwards  so  as  to  overhang  the  external  iliac  vessels 
at  the  brim  of  the  pelvis;  less  frequently  it  ascends  in  the  pouch  behind  the 
commencement  of  the  ascending  colon.  The  blood  supply  of  the  appendix  is  derived 
from  a  single  artery  (a  branch  of  the  ileo-colic)  which  occupies  the  small  mesentery 
of  the  appendix  (Fig.  916);  hence  interference  with  the  flow  of  blood  along  this 
vessel,  either  mechanically  or  from  disease,  predisposes  to  gangrene  of  the  appendix. 
In  opening  the  abdomen  to  remove  the  appendix  it  is  usual  either  to  split  the 
three  lateral  abdominal  muscles  in  the  direction  of  their  fibres  ("  gridiron  "  incision) 
or  to  pass  through  the  sheath  of  the  rectus,  in  which  case  tiie  muscle  itself  is 
either  pulled  Inwards  or  its  fibres  separated.     AVhen  the  gridiron  incision  is  made 


latter  at  the  inner  extremity  of  the  iDcieion.  After  dividing  the  peritou 
appendix  is  sought  for  by  \m 
finger  behind  the  angle  i'orm< 
inner  aspect  of  the  cieciiui 

"■^°"  lower  end  of  the  ileunu     1 

neceaaary  to  bring  the  citcu 
the  TTOund,  in  order  that  the 
longitudinal  band  of  mut<oii 
(tEenia  coh)  may  be  traced  d' 
to  the  root  of  the  appcni 
915,  A). 

The  aacendlng  colon,  aftei 
the  iliac  crest,  lies  deeply  in 
lumbar  region  upon  the  < 
lumborum  and  the  right  ki<i 
T  h  e  hepatic  flexnre  reat' h  e: 
beneath  the  tenth  costal 
into  the  lowest  part  of  the  ri} 

F.U.  916— Thb  Blood  SrppLv  of  the  C/bci;,  and  Vkh-   chondriuin,  where  it  lies  imi 
to  the  nght  of  the  gall-hl 
cR^um  from  bthiiiii.  tween  the  liver  and  the  luw 
Liiil  ihn  three  tffiiia   the  anterior  surface  of  the  k 

coli  spi-iugiiig  frmii  the  l»ae  ot  tbt  Bppeu.lii.  shoulii  ^hc    tranflTOIM    COlOD    Cr 

he    suecially    iiowd    (iiiodibeu    l)y    Birminehaui    from       _  .       r    ■!_  i    i- 

jounesto).  J  B  upper  part  ol    the  umbilici 

Not  infrequently  it  forms  a 

or  a  V-shaped  loop  which  reaches  for  a  variable  distance  below  the  lev 

umbilicus ;   when  the  intestines  are  distended  it  may  ascend   in    fron 

stomach. 

The  splenic  flexure  reaches  upwards  behind  the  greater  curvattir 
stomach  into  the  left  hypochondriac  region,  as  far  as  the  lower  extremi 
spleen,  from  which  it  is  separated  by  the  costocolic  fold  of  peritoneum. 

The  deBcending  colon  lies  deeply  in  the  left  lumbar  region,  along  the  1 
of  the  outer  border  of  the  left  kidney. 

The  iliac  and  pelvic  portions  of  the  colon  lie  respectively  in  the  left  i 
and  in  the  true  pelvis;  the  latter  is  provided  with  a  distinct  mesente 
as  it  crosses  the  left  ureter  and  the  bifurcation  of  the  common  iliac  vi-ss 
the  intersigmoid  peritoneal  fossa.  This  fossa  is  sometimes  the  slartiiig-po 
internal  retroperitoneal  hernia.  The  n^outh  of  the  fossa  looks  downwari. 
the  left ;  above  and  to  its  right  is  the  sigmoid  artery.  The  iliac  colon  can 
be  felt  through  the  abdominal  wall  as  it  descends  from  the  crest  of  the 
the  inner  margin  of  the  psoas  muscle.  The  iliac  colon  is  the  part  of  l 
which  is  most  frequently  opened  when  it  is  desired  to  make  an  artificial  i 
ia  exposed  through  an  oblique  incision,  the  centre  of  which  is  at  the  ju 
the  middle  and  outer  thirds  of  a  line  drawn  from  the  umbilicus  to  tlit 
superior  iliac  spine. 

Eidaeys. — The  kidneys,  which  he  behind  the  peritoneum,  extend  t 
than  ia  oft^-n  supposed,  and  laterally  they  do  not  extend  so  far  away 
spine  as  is  almost  invariably  depicted ;  hence  it  is  that,  unless  enlarged,  tli 
can  Heldom  be  felt  through  the  alidominal  wall.  The  right  kidney  as  a  r' 
little  lower  than  the  left,  as  well  as  a  little  further  away  from  the  iiies: 
The  hilum  of  the  right  kidney  Ues  2  in.  from  the  mesial  plane;  that  o 
li  in.  from  the  mesial  plane.  For  practical  purposes  the  hilum  of  the  kii 
be  regarded  as  opposite  a  point  on  the  anterior  abdominal  wall  a  tiiiyer'f 
internal  to  the  tip  of  the  ninth  costal  cartilage ;  and  a  Une  joining  the 
crosses  the  vertebral  column  opjmsita  the  disc  between  the  first  and  sec  >ii 
vertebra?,  that  is  to  say,  on  a  level  with  the  transpyloric  line.  The  A  /(// 
of  the  kidney  is  situated  two  inches  from  the  mesial  plane,  on  a  ]e\-t 


iofraGOBtal  plane. 

The  student  should  make  himself  familiar  with  the  feel  of  the  parte  in  relation 
to  the  kidneys,  as  far  as  they  can  be  made  out  by  introducing  the  hand  throngh'a 
mesial  abdominal  inoision.  The  lower  half  of  the  right  kidiioy  is  covered  by  the 
hepatic  flexure  of  the  colon ;  the  upper  part  lies  deeply  in  the  hypochondrium,  and 
is  felt  by  thrusting  the  hand  upwards  and  backwards  between  the  liver  and  the 
hepatic  nexure  of  the  colon.  Between  this  part  of  the  kidney  and  the  renal  sur- 
face of  the  liver  is  a  deep  recess  which  receives  its  serous  covering  from  peri- 
toneum continued  upwards  from  the  upper  layer  of  the  transverse  mesocolon. 
Overlapping  the  hilum  and  the  lower  part  of  the  inner  border  is  the  descending 
part  of  the  duodenum,  which  is  crossed  by  the  transverse  colon. 

The  lower  half  of  the  left  kidner,  covered  by  peritoneum  continued  downwards 
from  the  lower  layer  of  the  transverse  mesocolon,  is  easily  felt  in  the  hollow 
between  the  vertebral  column  and  the  upper  part  of  the  descending  colon.  It  ia 
overlapped  by  coils  of  small  intestine,  and  passing  transversely  outwards  in  front 
of  it  is  the  left  colic  artery  and  its  branches.  Crossing  the  left  kidney,  a  little 
above  its  middle,  is  the  body  of  the  pancreas,  together  with  the  splenic  vessels. 
To  reach  the  part  of  the  kidney  which  lies  above  the  pancreas,  an  opening  should 
he  made  through  the  gastro-colic  omentum  and  the  hand  passed  upwards  behind 
the  stomach  into  the  lesser  sac  of  the  peritoneum.  Applied  to  the  upper  half  or 
more  of  the  outer  border  of  the  kidney  is  the  renal  surface  of  the  spleen. 

The  posterior  relations  of  the  kidneys  will  be  referred  to  when  dealing  with 
the  back. 

Outside  the  true  capsule  of  the  kidney  is  the  adipose  caponle,  which  is  a 
specialised  thickening  of  the  extra-peritoneal  fat.  It  is  in  this  fat  that  a  peri- 
nephritic  abscess  develops,  the  pus  passing  backwards  into  the  loin,  downwards 
towards  the  iliac  fossa,  or  forwards  into  the  extra-peritoneal  fat  of  the  anterior 
abdominal  walL 

The  ureterB  lie  behind  the  peritoneum  covering  the  psoas  muscles;  they 
descend  almost  vertically  in  the  umbilical  region  if  in.  from  the  mesial  plan& 
At  the  level  of  the  intertubereular  plane  they  lie  in  front  of  the  termination  of  the 
common  iliac  arteries,  and  then  pass  down  into  the  true  pelvis  in  front  of  the 
internal  iliac  arteries. 

Pancreas- — The  head  of  the  pancreas  occupies  the  curve  of  the  duodenum, 
and  lies  in  the  lowest  part  of  the  right  half  of  the  ep^astric  r^on,  on  a  level  with 
the  second  lumbar  vertebra.  The  neck,  which  crosses  the  mesi^  plane  opposite  the 
disc  between  the  first  and  second  lumbar  vertebrce,  lies  in  the  transpyloric  plane, 
while  the  body  lies  immediately  above  that  plane.  The  tail  lies  in  the  left  hypo- 
chondriac  region.  The  rektions  of  the  pancreas  to  the  transverse  mesocolon  and 
to  the  neighbouring  viscera  have  already  been  sufficiently  referred  ta 

After  opening  the  abdomen  in  the  middle  line,  the  pancreas  is  beet  exposed  by 
passing  through  the  gastre-coUc  omentum ;  access  to  the  organ  through  either  the 
gaetro-hepatic  omentum  or  the  transverse  mesocolon  is  more  limited  and  therefore 
lees  satisfactory. 

A  pancreatic  cyst  gives  rise  to  a  tumefaction  of  the  abdomen  either  in  the 
epigastric  or  in  the  umbilical  region,  depending  on  whether  it  pushes  the  gastro- 
hepatic  omentum  before  it  and  develops  between  the  liver  and  stomach,  or  whether 
it  extends  forwards  below  the  stomach.  In  severe  contusions  of  the  abdomen  the 
pancreas  may  be  ruptured  against  the  vertebral  column. 

Vessels  of  the  Abdomen.— The  commencement  of  the  abdominal  ftorta  and  the 
coeliac  axis  is  situated  two  fingers'  breadth  above  the  transpyloric  plane.  The 
superior  mesenteric  artery  arises  a  finger's  breadth  above  the  transpyloric  plane,  the 
renal  arteries  a  finger's  breadtti  below  it.  The  inferior  mesenteric  artery  arises  mid- 
way between  the  transpyloric  and  the  intertubereular  plane — that  is  to  say,  about 
1  in.  above  the  level  of  the  umbilicus.  The  abdomiiial  aorta  bifureates  in,  or  a 
little  to  the  left  of,  the  mesial  plane,  on  a  level  with  the  highest  part  of  the  ilitio 
crest,  and  about  J  in.  below  the  level  of  the  umbilicus. 


■  T 


trnporiADi,  BUi^cat  relation  la  tne  rigni  ureier,  wnicn  uea  ciose  to  iia  outer  siue. 

The  common  and  external  iliac  aiteiiea  may  be  mapped  out  by  drawing  a  line, 
curved  slightly  outwards,  from  a  point  opposite  the  bifurcation  of  the  aorta  to  a 
point  midway  between  the  anterior  superior  iliac  apine  and  the  pubic  symphyais: 
the  upper  third  of  this  line  corresponde  to  the  common  iliac,  the  lower  two-thirds 
to  the  external  iliac.  The  common  iliac  veins  lie  mainly  to  the  right  of  the  corre- 
sponding arteries,  the  left  vein,  however,  crossing  behind  the  right  artery  to  join  its 
fellow  to  form  the  inferior  vena  cava.  The  relation  of  the  veins  and  of  the  ureters 
must  he  borne  in  mind  in  ligaturing  the  common  iliac  arteries. 

The  great  vessels  upon  the  posterior  abdominal  wall,  along  with  the  adjacent 
lymphatic  vessels  and  glands,  he  in  the  extra-peritoneal  fat,  and  therefore  within 
the  general  fascial  envelope  of  the  abdomen.  Abscesses,  originating  from  the 
retro-peritoneal  lymphatic  glands  are,  therefore,  like  perinephritic  abscesses,  extra- 
peritoneal, but  intra-fa.scial ;  abscesses  of  spinal  origin,  whether  lumbar,  iliac,  or 
psoas,  are,  on  the  other  hand,  extra-fascial.  Alficesses  connected  with  the  vermi- 
form appendix  are  primarily  intra-peritoneal ;  occasioDally  they  ulcerate  through 
the  parietal  peritoneum  and  burrow  in  the  extra-peritoneal  fat 


THE  MALE  PERINEUM. 

The  male  perineum  ia  a  heart-shaped  space  the  osseous  boundaries  of  which  are 
the   same  as    those   which    form 

the    outlet    of    the    pelvis.       A  ■    "'  -  ■ 

line  drawn  transversely  across 
the  perineum  between  the  an- 
terior part  of  the  tuberosities 
crosses  the  middle  line  immediately 
in  front  of  the  anus,  and  divides 
the  space  into  an  anterior  or  urino- 
geuital  triangle  and  a  posterior  or 
rectal  triangle.  The  nrioogenital 
triangle  is  subdivided  into  a  super- 
ficial and  deep  compartment  by  the  ' 
triangular  ligament;  in  the  super- 
ficial compartment  is  the  root  of 
the  penis,  which  gives  rise  to  a 
longitudinal  fulness  upon  the  sur- 
face. Anteriorly,  the  surface  of  the 
urinogenital  triangle  ia  continued 
on  to  the  scrotum,  whilst  laterally 
a  distinct  groove  separates  it  from 
the  inner  surface  of  the  thighs. 
The  central  point  of  the  perineum 
(common  tendon  of  the  jjerineal 
muBcles)  is  continuous  with  the 
centre  of  the  base  of  the  triangular 
ligament,  and  lies  a  finger's  breadth 
in  front  of  the  anus.  Immediately 
in  front  of  it,  and  about  1  in.  from 
the  centre  of  the  anus,  ia  the  pos- 
terior edge  of  the  bulb  of  the  corpus 
■pongiosum.  The  superjicial  com- 
jTorf  m«n<  of  the  ur  inogen  i  taltrian  g  le 
is  bounded  below  by  the  perineal ' 
bacia  of  OoUes  (Fig.  918),  which  *' 
is  attached  posteriorly  to  the  base 
of  the  triangular  hgainent,  and 
laterally  to  the  margins  of  the  pubic  arch. 


, — DlBSBCTluN  ov  THE  PEBIHBDM.  The  ««rotuio  aud 
]i«Dia  bave  been  cut  trouaverscly  across  and  removtil 
ji  Cunninghani). 

Anteriorly,  the  fascia  of  CoUes  passes 
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fatty  tissue  which  passes  upwards  in  front  of  the  anterior  wall  of  the  bladder  to 
be  continuous  with  the  extra-peritonetd  fat  The  posterior  swrfact  of  the  prostate 
is  related  to  that  part  of  the  rectal  ampulla  immediately  above  the  anal  canal,  and 
is  therefore  accessible  to  palpation  ptr  rectum.  Between  the  rectal  and  the  pelvic 
fascia  covering  this  surface  of  the  prostate  is  a  loose  cellular  interval,  which  is 
taken  advantage  of  in  separating  the  two  organs  in  the  operation  of  excision  of  the 
rectum,  and  in  exposing  the  posterior  surface  of  the  prostate  in  the  operation  of 
perineal  prostatectomy.  The  lateral  surfa/^es  of  the  prostate  cannot  be  felt  through 
the  rectum ;  they  are  related  to  the  anterior  or  pubo-rectal  fibres  of  the  levatores 
ani,  from  which  they  are  separated  by  the  lateral  portion  of  the  fascial  envelope  of 
the  gland.  The  prostate  substance  is  made  up  of  branching  tubular  glands 
supported  by  a  fibro-muscular  stroma.  The  gland  tissue  is  most  abundant  in  the 
posterior  and  lateral  aspects  of  the  organ ;  anteriorly  the  stroma  is  more  abundant 
and  extends  backwards  from  the  capsule  to  the  urethra  to  form  a  sort  of  anterior 
commissure.  By  the  term  "  capsule  "  of  the  prostate  is  understood  the  immediate 
or  proper  envelope  of  the  gland ;  this  envelope  consists  of  parallel  layers  of  fibro- 
muscular  tissue,  continuous  with,  and  forming  part  of,  the  stroma  of  the  organ.  In 
some  instances  it  is  so  thin  that  the  gland  tissue  reaches  almost  to  its  surface, 
while  in  other  instances  it  is  so  thick  as  to  deserve  to  be  regarded  as  forming  the 
cortical  portion  of  the  gland.  By  the  term  "  sheath  "  of  the  prostate  is  meant  the 
fibrous  envelope  derived  from  the  pelvic  fascia.  The  veins  of  the  prostatic  plexus 
lie,  not  between  the  capsule  and  the  sheath,  but  between  the  lamellsB  of  the  sheath 
itself.  The  plexus  is  arranged  in  the  form  of  the  letter  Y>  the  stem  occupying  the 
anterior  segment  of  the  sheath,  while  its  limbs  embrsu^  the  lateral  aspects  of  the 
base  of  the  gland. 

In  what  is  known  as  "  senile  "  hypertrophy  of  the  prostate  the  organ  may  be  uniformly 
enlarged  or  the  enlargement  may  chiefly  affect  one  or  other  of  the  lateral  lobes,  one  or 
both  of  which  may  enlarge  more  particularly  in  an  upward  direction  so  as  to  project  into 
the  bladder.  This  intra- vesical  overgrowth  may  take  the  form  either  of  a  more  or  less 
pedunculated  projection  situated  immediately  behind  the  vesical  orifice,  or  it  may  surround 
the  latter  to  form  a  prominent  ring-like  elevation.  As  the  intra-vesical  growth  enlarges 
it  makes  its  way  towards  the  bladder  within  the  ring  of  the  sphincter  vesicae,  and,  having 
pushed  before,  or  separated,  the  internal  longitudinal  fibres  of  the  bladder,  it  comes 
ultimately  to  be  separated  from  the  cavity  of  the  bladder  by  mucous  membrane  only.  In 
the  operation  of  supra-pubic  prostatectomy  the  true  capsule  of  the  prostate  is  at  once 
reached  by  simply  tearing  through  the  mucous  membrane  immediately  behind  the  vesical 
orifice.  By  keeping  close  to  the  capsule,  the  entire  organ,  including  the  capsule,  may  be 
enucleated  from  its  sheath.  As  the  latter  is  markedly  thicker  and  denser  in  the  hyper- 
trophied  than  in  the  normal  prostate,  this  enucleation  can  be  accomplished  without  injur- 
ing the  veins  of  the  prostatic  plexus.  As  a  rule,  the  only  part  where  any  difficulty  in  the 
enucleation  is  encountered  is  anteriorly,  where  the  capsule  is  more  intimately  connected 
with  the  sheath  by  the  interposition  of  a  layer  of  striated  longitudinal  muscular  fibres 
which  pass  from  the  urethra  to  be  continuous  with  the  outer  longitudinal  fibres  of  the 
bladder.  In  "total"  prostatectomy,  practically  the  whole  of  the  prostatic  urethra  is 
removed  along  with  the  gland.  In  some  instances,  instead  of  removing  the  entire  prostate 
and  its  capsule  along  with  the  prostatic  urethra,  the  surgeon,  by  working  within  the 
capsule,  is  able  to  enucleate  each  lateral  glandular  mass  either  separately  or  united  to  its 
fellow  in  the  form  of  a  horse-shoe  shaped  mass,  the  urethra  and  the  anterior  commissure 
being  left  more  or  less  intact.  The  cavity,  which  is  left  behind  after  the  removal  of  the 
prostate,  at  once  contracts  owing  to  the  approximation  of  the  bladder  and  rectum  antero- 
posteriorly,  and  of  the  levatores  ani  laterally. 

In  perineal  prostatectomy  the  posterior  surface  of  the  prostate  is  exposed  by  making  a 
horse-shoe  shaped  incision  with  the  convexity  reaching  forwards  to  immediately  behind 
the  bulb ;  laterally  the  incision  sinks  into  the  ischio-rectal  fossae,  its  extremities  ending  at 
the  anterior  part  of  the  ischial  tuberosities  (Fig.  918).  After  reflecting  the  skin  and 
subcutaneous  tissue,  the  incision  is  carried  through  the  central  point  of  the  perinexmi  and 
outwards  on  either  side  of  it  through  the  base  of  the  lower  layer  of  the  triangular 
ligament.  The  bulb,  the  superficial  transverse  perineal  muscles,  and  the  triangular 
ligament  (lower  layer)  are  now  retracted  forwards,  and  the  fibres  of  the  recto-urethral 
muscle  (which  connect  the  anterior  wall  of  the  rectal  ampulla  with  the  constrictor 
urethne)  are  divided ;  this  allows  the  anal  canal  and  the  lower  end  of  the  rectum  to  be 
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Ball,  fissure  of  the  anus  is  generally  caused  hj  the  tearing  downwards  of  one  of  the 
posterior  anal  valves  (Fig.  705)  during  the  passage  of  a  scybalous  mass. 

According  to  Birmingham,  the  pubo-coccygeal  fibres  of  the  levator  ani  close  the 
upper  part  of  the  anal  canal,  whilst  the  external  sphincter  closes  the  remaining 
part.  The  internal  sphincter,  according  to  the  same  author,  acts  probably  as  a 
detrusor,  its  use  being  to  empty  the  anal  canal  completely  after  the  passage  of 
each  faecal  mass. 

The  apex  of  the  ischio-rectal  fossa  (Fig.  918),  formed  by  the  attachment  of  the  anal 
fascia  to  the  obturator  portion  of  the  parietal  pelvic  fascia,  is  directed  upwards 
towards  the  pelvis,  and  lies  2^  in.  from  the  surface.  The  inner  wall  of  the  fossa  is 
bounded  by  the  levator  ani  and  coccygeal  muscles  covered  by  the  anal  fascia  (Fig. 
920) ;  the  outer  wall  by  the  obturator  internus  muscle  covered  by  the  obturator 
fascia.  An  abscess  in  the  ischio-rectcU  fossa  should  be  opened  early,  otherwise  it  is 
liable  to  burst  through  the  inner  wall  into  the  rectum ;  should  it  open  also  upon  the 
skin  surface  a  complete  '*  fistula  in  ano  "  is  formed.  When  a  "  fistula  in  ano  "  results 
from  the  bursting  of  a  submucous  abscess  of  the  anal  canal  the  track  of  the  fistula 
runs  either  internal  to  or  through  the  fibres  of  the  internal  and  external  sphincter 
muscles,  and  the  external  or  skin  opeuing  is,  as  a  rule,  close  to  the  anus,  while  the 
internal  opening  is  generally  within  the  upper  end  of  the  anal  canaL  Occasionally 
the  ischio-rectal  abscess  perforates  the  levator  ani  towards  the  apex  of  the  fossa ; 
it  then  burrows  into  the  peri-rectal  cellular  tissue  of  the  pelvis,  and  opens  into  the 
ampulla  of  the  rectum.  In  other  cases,  again,  the  abscess  starts  in  the  peri-rectal 
tissue  internal  to  the  levator  ani,  and  either  bursts  into  the  rectal  ampulla  or 
through  the  levator  ani  into  the  ischio-rectal  fossa,  and  so  reaches  the  surface.  Or 
the  pus  may  burrow  between  the  rectum  and  coccyx,  whence  it  may  pass  outwards 
through  the  great  sacro-sciatic  foramen  behind  the  parietal  pelvic  fascia  into  the 
buttock ;  or,  by  piercing  the  visceral  layer  of  the  pelvic  fascia,  may  reach  the  extra- 
peritoneal fatty  tissue  of  the  pelvis  and  ascend  in  it  to  form  an  iliac  abscess. 

The  lymphatics  from  the  skin  of  the  anus  pass  along  the  perineo*crural  folds  to 
the  innermost  glands  of  the  groin,  both  inguinal  and  cruraL  According  to  Poirier 
and  Cun^o,  those  from  the  region  of  the  white  line  end  in  the  hypogastric  glands 
which  lie  in  front  of  the  internal  iliac  artery,  while  those  which  issue  from  the 
mucous  membrane  of  the  upper  part  of  the  anal  canal  and  the  rectum  proper 
traverse  a  few  minute  glands  (ano-rectal  glands  of  Gerota)  placed  between  the 
muscular  and  fibrous  coats  of  the  rectum,  alongside  the  main  branches  of  the  superior 
hsemorrhoidal  artery.  After  traversing  these  glands  they  join  the  glands  which  lie 
in  relation  to  the  trunk  of  the  superior  hfiBmorrhoidal  artery  as  it  lies  between  the 
two  layers  of  the  pelvic  mesocolon. 

In  making  a  rectal  examination  the  finger  should  be  carried  forwards  from  the  tip  of 
the  ooccyz  so  as  to  enter  the  anus  from  behind.  The  finger  is  then  gently  pressed  upwards 
and  slightly  forwards  through  the  sphincteric  region  in  the  axis  of  the  anal  canal  until  it 
reaches  the  cavity  of  the  rectimi,  the  lower  part  of  which  is  dilated  to  form  the  ampulla. 
The  folds  or  valves  of  Houston,  three  in  number,  project  into  the  cavity  of  the  bowel  in 
the  form  of  prominent  crescentic  shelves,  which  are  produced  by  the  three  permanent  or 
true  fiexures  into  which  the  rectum  is  thrown  (Birmingham) ;  the  lower  valve,  which  may 
be  sufficiently  prominent  to  impede  the  passage  of  the  finger,  must  not  be  mistaken  for  a 
pathological  condition.  Through  the  anterior  wall  the  finger  can  palpate  from  below  up- 
wards the  bulb  of  the  urethra,  the  membranous  parts  of  the  urethra,  Cowper's  glands  (when 
inflamed  and  enlarged),  the  apex  and  lateral  lobes  of  the  prostate,  the  vesiculse  seminales 
(when  diseased),  and  the  external  trigone  of  the  bladder.  With  the  left  forefinger  in  the 
rectum,  an  instrument  passed  into  the  bladder  can  be  distinctly  felt  as  it  traverses  the  mem- 
branous mrethra ;  as  it  lies  in  the  prostatic  urethra  it  is  separated  from  the  finger  by  the 
prostate.  Hence,  when  &  false  passage  is  made  through  the  bulbous  or  membranous  portion  of 
the  urethra,  the  instrument,  if  pushed  onwards  towards  the  bladder,  will  be  felt  inmiediately 
outside  the  rectum  between  it  and  the  prostate.  In  the  child,  owing  to  the  rudimentary 
condition  of  the  prostate,  the  instrument  is  distinctly  felt  close  to  the  rectum,  as  it  lies  in 
the  prostatic  as  well  as  in  the  membranous  portion  of  the  urethra.  When  the  prostate  is 
not  enlarged  the  tip  of  the  finger  can  just  reach  the  external  trigone,  which  is  most 
distinctly  felt  when  the  bladder  is  full.  The  vesiculee  seminales,  indistinctly  felt  when 
health V,  may  be  readily  palpated  when  enlarged  and  indurated  from  disease.  Through 
'86 


wall  the  hollow  of  the  Bacrum  and  coccyx,  and  the  lymphatic  glands  lying  in  the  retro- 
rectal cellular  tissue. 

In  the  child  rectal  examination  enables  one  to  palpate,  in  addition  to  the  structures  in 
the  cavity  of  the  true  pelvis,  those  which  occupy  the  lower  segment  of  the  abdomcu. 
When  the  bladder  ia  empty  even  a  small  calculus  can  be  readily  felt  by  rect^^bdominal 
palpation. 

The  diatance  of  the  apex  of  the  rocto-vesical  pouch  of  peritoneum  from  the  atiiu 
Tariea  considerably,  acconiing  to  the  degree  of  distension  of  the  bladder  and  rectum ; 


Flu.  B20.— The  Rei.TC-]I  fBOU  DEHIKD. 
The  wernm  has  b^n  siwn  acroaH  through  the  4th  ancral  leiiebrs,  and  its  lower  part  reniofe'l  with  the  corcyi. 
Tha  posttrior  portions  of  the  coccygei,  levatores  luii,  and  of  the  eiternal  aphiDcttr  have  been  cotawaT. 
The  'pinching  in  "  of  the  lower  end  of  the  rectum  hj  (he  inner  edgea  of  the  IevatOT«a  ani,  maliin;;  in 
the  farDUttian  of  the  flatteaed  tinal  canal,  is  anggeated  in  the  moatntion,  which  lias  bven  made  froio  a 
formalin-hardBneii  male  boily,  aged  thirty.  The  lateral  inflections  ot  the  reotnm,  correepondin*  in 
Haiialon'a  ralves,  are  also  shown  (from  Bimiiughiia). 

when  both  are  empty  it  reaches  to  about  2  in.  from  the  anus ;  when  both  are  dis- 
tended it  is  at  least  one  inch  higher  (Fig.  920).  As  pointed  out  by  Birmingham,  thf 
peritoneum  ia  closely  adherent  to  the  rectum  above  and  in  front,  while  at  the  side 
and  below  the  connexion  is  much  looser,  so  that  by  stripping  the  peritoneum 
upwards  the  greater  part,  or  even  the  whole,  of  the  rectum  may  be  excised  without 
opening  into  the  peritoneal  cavity. 

FEMALE  PELVIS. 

The  external  genitals  are  fully  described  at  page  1195.  The  external  OTifice  of 
the  mrethra,  surrounded  by  a  slight  annular  prominence  of  the  mucous  membrane, 
is  situated  about  1  in.  behind  the  clitoris,  immediately  above  the  centre  of  the  base 
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fatty  tissue  which  passes  upwards  in  front  of  the  anterior  wall  of  the  bladder  to 
be  continuous  with  the  extra-peritoneal  fat.  The  posterior  surface  of  the  prostate 
is  related  to  that  part  of  the  rectal  ampulla  immediately  above  the  anal  canal,  and 
is  therefore  accessible  to  palpation  per  rectum.  Between  the  rectal  and  the  pelvic 
fascia  covering  this  surface  of  the  prostate  is  a  loose  cellular  interval,  which  is 
taken  advantage  of  in  separating  the  two  organs  in  the  operation  of  excision  of  the 
rectum,  and  in  exposing  the  posterior  surface  of  the  prostate  in  the  operation  of 
perineal  prostatectomy.  The  lateral  surfaces  of  the  prostate  cannot  be  felt  through 
the  rectum ;  they  are  related  to  the  anterior  or  pubo-rectal  fibres  of  the  levatores 
ani,  from  which  they  are  separated  by  the  lateral  portion  of  the  fascial  envelope  of 
the  gland.  The  prostate  substance  is  made  up  of  branching  tubular  glands 
supported  by  a  fibro-muscular  stroma.  The  gland  tissue  is  most  abundant  in  the 
posterior  and  lateral  aspects  of  the  organ ;  anteriorly  the  stroma  is  more  abundant 
and  extends  backwards  from  the  capsule  to  the  urethra  to  form  a  sort  of  anterior 
commissure.  By  the  term  "  capsule  "  of  the  prostate  is  understood  the  immediate 
or  proper  envelope  of  the  gland ;  this  envelope  consists  of  parallel  layers  of  fibro- 
muscular  tissue,  continuous  with,  and  forming  part  of,  the  stroma  of  the  organ.  In 
some  instances  it  is  so  thin  that  the  gland  tissue  reaches  almost  to  its  surface, 
while  in  other  instances  it  is  so  thick  as  to  deserve  to  be  regarded  as  forming  the 
cortical  portion  of  the  gland.  By  the  term  "  sheath  *'  of  the  prostate  is  meant  the 
fibrous  envelope  derived  from  the  pelvic  fascia.  The  veins  of  the  prostatic  plexus 
lie,  not  between  the  capsule  and  the  sheath,  but  between  the  lamellse  of  the  sheath 
itself.  The  plexus  is  arranged  in  the  form  of  the  letter  Y,  the  stem  occupying  the 
anterior  segment  of  the  sheath,  while  its  limbs  embrace  the  lateral  aspects  of  the 
base  of  the  gland. 

In  what  is  known  as  "  seniU  *'  hypertrophy  of  the  prostate  the  organ  may  be  uniformly 
enlarged  or  the  enlargement  may  chiefly  affect  one  or  other  of  the  lateral  lobes,  one  or 
both  of  which  may  enlarge  more  particularly  in  an  upward  direction  so  as  to  project  into 
the  bladder.  This  intra-vesical  overgrowth  may  take  the  form  either  of  a  more  or  less 
pedimculated  projection  situated  immediately  behind  the  vesical  orifice,  or  it  may  surround 
the  latter  to  form  a  prominent  ring-like  elevation.  As  the  intra-vesical  growth  enlarges 
it  makes  its  way  towards  the  bladder  within  the  ring  of  the  sphincter  vesicae,  and,  having 
pushed  before,  or  separated,  the  internal  longitudinal  fibres  of  the  bladder,  it  comes 
ultimately  to  be  separated  from  the  cavity  of  the  bladder  by  mucous  membrane  only.  In 
the  operation  of  supra-pubic  prostatectomy  the  true  capsule  of  the  prostate  is  at  once 
reached  by  simply  tearing  through  the  mucous  membrane  immediately  behind  the  vesical 
orifice.  By  keeping  close  to  the  capsule,  the  entire  organ,  including  the  capsule,  may  be 
enucleated  from  its  sheath.  As  the  latter  is  markedly  thicker  and  denser  in  the  hyper- 
trophied  than  in  the  normal  prostate,  this  enucleation  can  be  accomplished  without  injur- 
ing the  veins  of  the  prostatic  plexus.  As  a  rule,  the  only  part  where  any  difficulty  in  the 
enucleation  is  encountered  is  anteriorly,  where  the  capsule  is  more  intimately  connected 
with  the  sheath  by  the  interposition  of  a  layer  of  striated  longitudinal  muscular  fibres 
which  pass  from  the  urethra  to  be  continuous  with  the  outer  longitudinal  fibres  of  the 
bladder.  In  "total"  prostatectomy,  practically  the  whole  of  the  prostatic  urethra  is 
removed  along  with  the  gland.  In  some  instances,  instead  of  removing  the  entire  prostate 
and  its  capsule  along  with  the  prostatic  urethra,  the  surgeon,  by  working  within  the 
capsule,  is  able  to  enucleate  each  lateral  glandular  mass  either  separately  or  united  to  its 
fellow  in  the  form  of  a  horse-shoe  shaped  mass,  the  urethra  and  the  anterior  commissure 
being  left  more  or  less  intact.  The  cavity,  which  is  left  behind  after  the  removal  of  the 
prostate,  at  once  contracts  owing  to  the  approximation  of  the  bladder  and  rectum  antero- 
posteriorly,  and  of  the  levatores  ani  laterally. 

In  perineal  prostatectomy  the  posterior  surface  of  the  prostate  is  exposed  by  making  a 
horse-shoe  shaped  incision  with  the  convexity  reaching  forwards  to  immediately  behind 
the  bulb ;  laterally  the  incision  sinks  into  the  ischio-rectal  fossaj,  its  extremities  ending  at 
the  anterior  part  of  the  ischial  tuberosities  (B'ig.  918).  After  reflecting  the  skin  and 
subcutaneous  tissue,  the  incision  is  carried  through  the  central  point  of  the  perineiun  and 
outwards  on  either  side  of  it  through  the  base  of  the  lower  layer  of  the  triangular 
ligament.  The  bulb,  the  superficial  transverse  perineal  muscles,  and  the  triangular 
ligament  (lower  layer)  are  now  retracted  forwards,  and  the  fibres  of  the  recto-urethral 
muscle  (which  connect  the  anterior  wall  of  the  rectal  ampulla  with  the  constrictor 
urethree)  are  divided ;  this  allows  the  anal  canal  and  the  lower  end  of  the  rectum  to  be 


wall  the  hollow  of  the  soorum  and  coccjx,  and  the  lymphatic  glands  lying  in  the  retro- 
rectal cellular  tieaue. 

In  the  child  rectal  examioation  enables  one  to  palpate,  in  addition  to  the  structures  in 
the  cavity  of  the  true  pelvis,  those  which  occupy  the  lower  segment  of  the  abdomen. 
When  the  bladder  is  empty  even  a  small  calculus  can  be  readily  felt  by  recto-abdominal 
palpation. 

The  diBtanoe  of  the  apex  of  the  lecto-Todcal  pouch  of  peritonauin  from  the  anus 
varieB  eonaiderably,  acconiiiig  to  the  degree  of  disteiision  of  the  bladder  and  rectum ; 
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Fj(i.  930.— The  RstTCM  (BUM  behind. 

The  SMcnim  has  been  uwD  across  through  the  4th  sjicriil  vertebra,  aiid  iti  low»r  part  r«inOTe«l  with  the  c«cti. 
The  posUrior  portiona  of  the  coccygei,  tevstores  ani,  and  of  the  external  iphincttr  have  been  cot  »"ir. 
The  'piDchingin  "  of  the  lower  end  of  the  rectum  b;  the  inner  edgea  of  the  leTitorei  bdi,  nautting  m 
the  fomuUoD  of  the  flattened  anal  anal,  is  suggested  tn  the  lIltutratioD,  which  hat  been  mwle  ftoiu  a 
formal  in -hardened  male  boily,  a^  thirty.  The  lateral  inAections  of  the  rectum,  oorreapoDdins  lo 
Houaton'a  valves,  are  also  showD  (from  Biriiiiiigliani). 

when  both  are  empty  it  reachea  to  about  2  in.  from  the  anus ;  when  both  are  dis- 
tended it  18  at  least  one  inch  higher  (Fig.  920).  As  pointed  out  by  Birmingham,  the 
peritoneum  is  closely  adherent  to  the  rectum  above  and  in  front,  while  at  the  side 
and  below  the  connexion  is  much  looser,  so  that  by  stripping  the  peritoneum 
upwards  the  greater  part,  or  even  the  whole,  of  the  lectum  may  be  excised  without 
opening  into  the  peritoneal  cavity. 

FEMALE  PELVIS. 

The  external  genitals  are  fully  described  at  page  1195.  The  external  orUtce  of 
the  urethra,  surrounded  by  a  slight  annular  prominence  of  the  mucouB  membrane, 
is  situated  about  1  in.  behind  the  clitoris,  immediately  above  the  centre  of  the  base 
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B22.— PobTBBiOB  Aspect  ot 

Trunk,  bhowin 

0   ScRFiCK  TOPOOBAPHr   OP   ViSCSBA. 

T. 

Treche*. 

Sp. 

SplMU. 

p. 

Pancreu. 

A. 

Aorta. 

L 

I4v.r, 

PI. 

Pleara. 

L.L. 

Uftlojjg 

S.B 

R.L. 

Bight  lung 

L.K 

Lett  kidney. 

A.C 

Asceuding  colon. 

SL 

Stomach. 

R.K 

Right  kidaej. 

B. 

Rectum. 

The  cudiu  orifice  of  the  stomacb  lies  one 

inch  to  the  left  of  the  ninth  doraal 

spine. 

The  cardiac 

portion,  overlapped  by  the  ninth  to  the  twelfth  ribs,  extenda 

i^^^^^^^^^^H^^ 

first  lumbar  spines,  the  pyloros  itself  being  situated  one  inch  to  the  right  of  the 
twelfth  dorsal  spine.  The  leaset  curvature  lies  to  the  left  of  and  below  the  tenth  and 
eleventh  dorsal  spines. 

Viewed  from  behind,  the  large  inteBtine  on  Iwth  sides  overlaps  the  outer  border 
of  the  kidneys  and  lies  parallel  to  the  outer  border  of  the  erectorea  spinic  iuu»c1eR. 
The  peritoneum  is  reflected  from  the  colon  on  to  the  posterior  abdominal  wall  along 
a  line  drawn  vertically  upwanls  from  the  centre  of  the  iliac  crest.    The  splenic  flexure. 
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iHuK  THE  Relations  i>k  the  Si'lein  id  thf 
Latehal  Wall  ok  tbe  CuiutT,  thb  Diaphkaum,  and  the  Adjacent  Viwera.  Iii  ailditioii  to  tlic 
purtiDus  of  ribfl,  tliere  1iu<  bren  reiiioied  a  part  of  llie  biuis  of  Ihe  left  luiif^,  and  s  window  hu  laWD  loailv 
in  till'  diaplirogm  almost  Aoiiu  to  the  level  of  the  coHto-rUHphngniatk  rfHeeliou  nf  the  pleura. 

which  reaches  up  to  the  level  of  the  twelfth  dorsal  spine  and  the  tenth  rib,  liea 
about  five  inches  above  the  iliac  crest.  The  hepatic  flexure  lies  on  a  Ie\el  with  the 
Hrst  lumbar  spine. 

Spleen. — The  spleen,  situated  in  the  left  hypochondrium  behind  the  cardiac  end 
of  the  stomach,  is  overlapped  by  the  ninth,  tenth,  and  eleventh  ribs,  the  long  axis 
of  the  organ  corresponding  approximately  to  that  of  the  tenth  rib.  Between  thf 
upper  third  of  the  spleen  and  the  chest  wall  (pleura  and  diajthragm  interveniog)  is 
the  base  of  the  left  lung,  the  lower  margin  of  which  crosses  the  organ  horizoiilally 
at  thft  ](tvp\  nf  t.bo   l.cnt.li   HorRal  Hiiiim       Thn  rnsto-dianhrniTniatic  reflection  of  the 
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pleura  reaxihes  down  as  far  as  the  inferior  angle  of  the  spleen.  The  upper  limit  of 
the  oi-gan  cannot  therefore  be  defined  by  percussion;  and  unless  enlarged,  or 
displaced  downwards,  the  spleen  cannot  be  punctured  from  behind  without  traversing 
the  pleural  as  well  as  the  peritoneal  cavity. 

Of  the  three  angles  of  the  spleen,  the  posterior  or  vertebral  lies  at  the  same  level 
as  the  lower  margin  of  the  lung,  1^  in.  external  to  the  tenth  dorsal  spine.  The 
inferior  angle  lies  opposite  the  eleventh  intercostal  space  on  a  level  with  the  first 
lumbar  spine,  in  a  line  drawn  vertically  upwards  from  a  point  one  inch  behind  the 
centre  of  the  iliac  crest.  This  angle  is  situated  behind  the  upper  part  of  the 
descending  colon  immediately  external  to  the  middle  of  the  outer  border  of  the 
kidney.  The  anterior  angle  is  at  the  level  of  the  ninth  interspace  in  the  mid- 
axillary  line.  Having  placed  a  mark  on  the  skin  opposite  these  three  angles  the 
organ  is  mapped  out  on  the  surface  as  follows : — The  posterior  or  renal  border  is 
obtained  by  joining  the  posterior  and  inferior  angles ;  this  border,  which  gives  the 
key  to  the  position  of  the  spleen,  will  be  found  to  follow  the  eleventh  intercostal 
space.  The  short  antero-inferior  border  corresponds  to  a  line  joining  the  anterior 
and  the  inferior  angles ;  it  is  related  to  the  splenic  flexure  of  the  colon,  and  may 
therefore  be  termed  the  colic  border.  Commencing  at  the  vertical  angle,  the  so- 
called  anterior  border  is  at  first  arched  upwards,  the  summit  of  the  arch  reaching 
to  the  level  of  the  upper  border  of  the  ninth  rib  in  the  scapular  line ;  thence  it  is 
continued  downwards  and  forwards  across  the  posterior  axillary  line  as  the 
"  anterior  crenated  border  "  to  the  anterior  angle.  The  upper  arched  portion  lies 
parallel  to  and  about  one  inch  below  the  highest  part  of  the  fundus  of  the  stomach. 
The  only  parts  of  the  splenic  outline  which  can  be  defined  by  percussion  are  the 
lower  crenated  part  of  the  anterior  border,  the  anterior  angle,  and  the  short  postero- 
inferior  or  colic  border ;  and  it  is  these  parts  which  may  be  felt  below  the  costal 
margin  when  the  organ  is  considerably  enlarged. 

In  excising  the  spleeu  it  is  important  to  remember  that  the  splenic  vessels  lie 
between  the  two  layers  of  the  lieno-renal  ligament,  and  not  in  the  gastro-splenic 
omentum,  which  contains  the  va-sa  brevia.  In  a  floating  spleen  these  two  peritoneal 
ligaments  are  elongated  to  form  a  distinct  pedicle. 

Pancreas. — The  head  of  the  pancreas  lies  opposite  the  last  dorsal  and  fii-st 
lumbar  spines ;  the  tail  lies  at  the  same  level  as  the  splenic  flexures  of  the  colon,  a 
little  above  the  inferior  basal  angle  of  the  spleen. 

Table  indicating  the  Level  of  the  more  important  Structures  in 

RELATION  TO  THE   SpINES   OF  THE   VERTEBRAE. 


SpineB  of  Vertebra.      Origins  of  Spinal  Nerves. 


1  Cervical 

2 

3 

4 

5 
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2  Cervical 
3  and  4 
5 
6 
7 


5J 


8 
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1  and  2  Dorsal 


1  Dorsal 

2  Dorsal 


» 


»i 


4  Dorsiil 


5  and  6 
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Level  of  other  Structures. 

Soft  palate. 

Isthmus  of  fauces. 

Upper  i)art  of  epiglottis. 

Vocal  coitis. 

Crico-thyroid  membrane. 
/Arch  of  thoracic  duct 
I  Commencement  of  trachea  and  iKsophagus. 
r  Lower  end  of  cervical  enhirgement  of  cord. 
.  Inferior  cervical  ganglion. 
I  Ai)ices  of  lung. 

Summit  of  arch  of  sulxilavian  artery. 

Up})er  angle  of  scapula. 

Just  above  level  of  highest  part  of  arch  of 
aorta. 

Episternal  notch. 

Root  of  spine  of  scapula. 

Arch  of  vena  azygos  major. 

Highest  part  of  lower  lobes  of  lungs. 

Termination  of  transvei-se  portion  of  arch 
of  aorta. 

Bifurcation  of  trachea. 

Lower  liniit  of  superior  mediastinum. 

Angulus  Ludovici. 


RELATION   TO  THE  OPINES   OP  THE    VEETEBE*— (/'on(inM«(. 


SpiiiM  of  TwtelKM.  '  Oiiginj  of  BpliuU  NtrrM. 


Lard  of  other  Stmetant. 

iCommeticeinent    of    descending    thotscic  < 
Bronchi. 
Upper  limit  of  heart. 
{Centre  of  root  of  lung. 
Mitral  orifice. 

I  Tricuspid  orifice. 
1 1' Lower  angle  of  scapula. 

I I  Orifice  of  inferior  vena  cava. 


12  Dorsal  aiid  1  Liinibar 


1,  2,  3  Siicral 


Left  arch  of  diaphragm. 
Fundus  of  Btomacli. 
Xi  phi -sternal  articulation. 
Upper  limit  of  spleen. 

Cardiac  orifice  of  Htouiach.  I 

Upper  end  of  lumbar  enlargement.  I 

Lower  border  of  lung,  poeteriorly.  I 

Vertebral  angle  of  epieen  (apex  of  spleen).    I 
Upptr  end  of  left  kidney. 
.Leaser  curvature  of  stomach.  | 

Lower  limit  of  pleura  at  vertebral  column. 
Upper  end  of  nght  kidney.  | 

Suprarenal  capsule.  | 

Body  of  pancreas.  i 

Leseer  curvattiK  of  stonisch.  ' 

Level  at  which  pleura  crosses  twelfth  riK 
Lower  end  of  spleen. 

Splenic  flexure  of  colon.  | 

Upper  pari  of  head  of  pancreas. 
Pylorus  and  pyloric  portion  of  stouiacb. 

IConus  n^ed^l^ari^ 
Ijower  limit  of  pleura  (mid-axillary  line). 
Hili  of  kidneys. 
Head  of  pancreas. 
.  Hepatic  flexure  of  colon. 
Portal  vein. 

Second  part  of  duodenum. 
Greater  curvature  of  stomach. 
ICommon  bile  dnct 
/Commencement  of  uiet«n. 
\  Lowest  part  of  head  of  pancreas. 

{Lower  binit  of  cord  in  child. 
Lower  ends  of  kidneys. 
Third  part  of  duodenum. 
{Highest  part  of  crest  of  ilium. 
Bifurcal^        ■■ 
UmbiU. 
(Commo 

i  Ueo-CKcal  valve. 
Sacral  pronionUiry. 
Lower  end  of  subdural  space. 
(Upper  end  of  gluteal  cleft. 
I  Lower    limit  of  sub-arachnoid  and 
\     dural  spBcea. 


Spinal  Cord. — The  spinal  cord  ends  opposite  the  lower  border  of  the  firel 
lumbar  spine ;  in  the  infant  it  reaches  to  the  interval  between  the  second  and 
third  lumbar  spines.  The  cervical  enlargement  which  corresponds  to  the  lowBt  four 
cervical  and  the  fir^t  two  dorsal  segments  ends  opposite  the  seventh  cervical  ^ino. 
The  lumbar  e-nlargevient  lies  opposite  the  last  three  dorsal  spinea  The  five  lumbur 
segments  are  opposite  the  ninth,  tenth,  and  eleventh  dor^  spines,  while  the  five 


internal  or  extarnal  to  the  coraco-clavicular  ligament ;  in  the  former  case  the  weight 
of  the  upper  extremity,  acting  through  the  coraco-clavioular  ligameot,  pulls  the 
outer  fragment  downwards ;  wlien  the  fracture  ia  external  to  the  ligament,  the  out«r 
end  of  the  clavicle  rotates  forwards,  but  there  is  no  downward  displacement.  The 
ottter  end  of  the  clavicle  is  on  a  plane  posterior  to  its  inner  eud,  so  that  the  shoulder 
is  braced  backwards  away  from  the  thorax ;  hence  in  fractures  of  the  clavicle,  both 
inside  and  outside  the  coraco-clavicular  ligament,  the  point  of  the  shoulder  rotates 
forwards  and  inwards.  The  acromio-clavicnlar  articulation  is  somewhat  ditlicult  to 
feel ;  the  groove  which  corresponds  to  it  runs  in  the  sagittal  direction,  and  lies 
IJ  in.  internal  to  the  outer  border  of  the  acromion,  and  immediately  external  to  a 
slight  prominence  upon  the  outer  extremity  of  the  clavicle.  When  this  joint  is 
dislocated  the  clavicle  almost  invarialily  overrides  the  acromion,  and  the  summit 
of  the  shoulder  presents  a  somewhat  conical  or  "sugar-loaf"  appearance. 

The  tip  of  the  actotnioii  looks  directly  forwards,  and  lies  a  finger's-breadth 
external  to  and  a  little  in  front  of  the  outer  extremity  of  the  clavicle.  The  tmtm 
border  of  the  acromion  can  readily  he  followed  to  its  junction  with  the  spine  of  the 
scapula,  and  the  latter  to  its  root,  which  is  situated  on  a  level  with  the  third  dorsal 
spine.  The  inner  border  of  the  acromion  and  the  posterior  border  of  the  outer  end 
of  the  clavicle  meet  at  an  angle  into  which  the  point  of  the  finger  can  be  pressed. 
The  upper  angle  of  the  scapnla,  covered  by  the  trapezius  and  the  supraspinatus 
muscles,  is  too  deeply  placed  to  be  palpated  distinctly.  The  inferior  aa^,  and 
the  internal  border,  from  the  root  of  the  spine  downwards,  form  visible  prominences 
which  are  readily  felt ;  the  former  overlies  the  seventh  intercostal  space  on  a  level 
with  the  seventh  dorsal  spine,  while  the  latter  lies  a  little  internal  to  the  angles  of 
the  riba. 

To  elicit  crepitus  in  a  transverse  fmctiire  of  the  scapula  hclow  the  Hpine,  the  surgeon 
stands  behind  the  patient  and  grasps  the  upper  fragment  by  placing  the  forefinger  upon 
the  coracoid  and  the  thumb  upon  the  spine,  nliilc  with  the  other  hand  he  grasps  the 
inferior  angle  ;  the  two  frugmeuts  arc  then  moved  the  one  upon  the  other. 

The  tip  of  the  coracoid  procesB  may  be  felt  by  pressing  the  finger  firmly  npon  the 
anterior  border  of  the  deltoid  at  a  point  one  inch  below  the  Junction  of  the  middle 
and  outer  thirds  of  the  clavicle.  Internal  to  the  coracoid  is  a  triangular  depres- 
sion which  corresponds  to  the  ujiper  eud  of  the  interval  between  the  clavicular 
fibres  of  the  pectoralis  major  and  deltoid  muscles.  Behind  this  triangular  depres- 
sion are  the  termination  of  the  cephalic  vein,  a  lymphatic  gland,  the  fir^t  i>art  of 
the  axillary  vessels,  and  the  cords  of  the  brachial  plexus.  By  firm  pressure  in  this 
situation  the  pulsation  of  the  axillary  artery  can  be  felt,  and  by  further  pressure 
the  circulation  in  the  vessel  can  be  arrested  by  compressing  the  artery  against  the 
second  rib.  The  Jirst  part  of  the  axillary  artery  may  be  cut  down  upon  either  by 
a  transverse  incision  through  the  clivicular  origin  of  the  pectoralis  major,  or  by  a 
longitudinal  incision  in  the  interval  between  this  muscular  slip  and  the  deltoid. 
The  companion  vein  lies  in  front  of,  as  well  as  to  the  thoracic  side  of,  the  artery, 
thus  adding  to  the  difhculty  of  exposing  the  vessel.  Tn  fractures  of  the  middle 
third  of  the  clavicle  the  subclavian  vessels  are  protected  by  the  soft  pad  formed  by 
the  Bubclavius  muscle. 

The  upper  end  of  the  homerus  covered  by  the  deltoid  gives  rotundity  to  the 
shoulder.  The  greater  tuberosity  pro.jects  beyond  the  acromion,  and  constitutes  the 
most  external  bony  landmark  of  the  shoulder.  When  the  head  of  the  bone  is  die- 
located,  the  outer  border  of  the  acromion  then  becomes  the  most  external  bony 
Ifindmark,  and  the  shoulder  presents  a  square  contour.  The  lesser  toberotity,  small 
but  conical,  can  be  felt  through  the  deltoid.  Pointing  directly  forwards,  it  Ilea  one 
inch  external  to  and  a  little  below  the  level  of  the  tip  of  the  coracoid  procera.  In 
examining  the  upper  end  of  the  humerus  for  fracture,  the  tuberosities  should  be 
grasped  between  the  finger  and  thumb  of  one  hand,  while  the  Hexed  elbow  is 
rotated  with  the  other  hand.  Tiie  head  of  the  hamenia  has  the  same  direction  as 
the  internal  condyle;  its  lower  i)art  can  l>e  jialpated  through  the  axilU,  the  arm 
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being  meanwhile  abducted,  to  bring  the  head  in  contact  with  the  under  surface  of 
the  capsule.  It  is  through  this,  the  weakest  part  of  the  capsule,  that  the  head  is 
driven  in  the  common  varieties  of  dislocation  of  the  shoulder,  viz.  those  due  to 
forcible  abduction.  The  upper  epiphysis  of  the  humerus  includes  the  head  and  the 
greater  part  of  the  tuberosities.  The  capsule  is  mainly  attached  to  the  epiphysis ; 
hence,  in  children,  we  find  that  separation  of  the  upper  epiphysis  takes  the  place  of 
dislocation.  Disease  in  the  upper  end  of  the  diaphysis  does  not  necessarily  involve 
the  cavity  of  the  joint.  The  bicipital  groove  of  the  humerus,  which  lies  imme- 
diately external  to  the  lesser  tuberosity,  may  be  mapped  out  upon  the  surface  by 
drawing  a  line,  two  inches  in  length,  downwards  along  the  axis  of  the  humerus 
from  the  tip  of  the  acromion.  When  there  is  effusion  into  the  joint,  the  arm  be- 
comes slightly  abducted,  and  there  is  fulness  in  front,  along  the  line  of  the  long 
tendon  of  the  biceps.  With  the  elbow  at  the  side  the  inferior  part  of  the  capsule 
of  the  shoulder-joint  is  loose  and  folded  upon  itself  to  form  a  dependent  pocket ; 
if,  after  an  injury,  the  arm  be  retained  too  long  in  this  position,  the  patient  may  be 
unable  to  abduct  the  arm  in  consequence  of  the  formation  of  adhesions  in  and 
around  the  pouch.  To  evacuate  pus  from  the  shoulder -joint,  the  integuments, 
deltoid,  and  capsule  should  be  cut  into  by  an  incision  passing  vertically  downwards 
from  the  tip  of  the  acromion. 

THE  AXILLA. 

The  anterior  fold  of  the  axilla,  formed  by  the  lower  border  of  the  pectoralis 
major,  extends  from  the  fifth  rib  to  the  middle  of  the  anterior  border  of  the  deltoid. 
With  the  arm  abducted,  the  interval  between  the  sternal  and  clavicular  fibres  of 
the  pectoralis  major  is  indicated  by  a  slight  groove  extending  downwards  and  out- 
wards from  the  inner  end  of  the  clavicle.  The  sternal  fibres,  along  with  the 
pectoralis  minor,  are  removed  in  a  complete  operation  for  malignant  disease  of  the 
breast,  the  pectoral  branches  of  the  thoracic  axis  artery  being  secured  as  they 
cross  the  interval  between  the  sternal  and  clavicular  portions  of  the  greater  pectoral. 
The  posterior  fold  of  the  axilla,  formed  by  the  latissimus  dorsi  and  the  teres  major 
muscles,  is  on  a  lower  level  than  the  anterior  fold,  and  leaves  the  chest  a  little  in 
front  of  the  inferior  angle  of  the  scapula.  Between  the  two  folds,  and  running  in 
the  long  axis  of  the  hmb,  from  the  axilla  to  the  middle  of  the  upper  arm,  is  the 
prominence  of  the  coraco-brachialis  mnscle.  The  pulsations  of  the  third  part  of 
the  axillary  artery  may  be  felt  in  the  furrow  immediately  behind  this  prominence 
at  the  junction  of  the  anterior  and  middle  thirds  of  the  outer  wall  of  the  axilla. 

Female  Mamma. — The  breast  tissue  proper  is  arreinged  to  form  a,  central 
portion,  the  corpus  mammce,  and  a  peripheral  portion,  made  up  of  branching 
processes  which  radiate  into  the  paramammary  fat  and  become  continuous 
ultimately  with  the  connective  tissue  septa  of  the  subcutaneous  fatty  tissue.  The 
mamma,  therefore,  has  no  distinct  capsule.  In  the  young  adult  nullipara,  the 
corpus  mammae  is  compact  and  well  defined,  and  contains  but  little  intramammary 
fat,  while  the  peripheral  processes  are  relatively  small.  In  multipara,  the  corpus 
mammse  contains  more  fat,  and  the  peripheral  processes  extend  more  widely  into 
the  paramammary  fat. 

The  arrangement  and  extent  of  the  parenchyma  can  be  well  seen  by  treating  the  breast  with 
a  5  per  cent  solution  of  nitric  acid.  If  slices  of  the  fresh  organ  be  placed  in  this  solution  for  a 
few  minutes  and  then  washed  under  running  water,  the  albumen  of  the  epithelial  cells  of  the 
parenchyma  is  coagulated,  while  the  connective  tissue  is  rendered  translucent  and  somewhat 
gelatinous.  The  ultimate  lobules  of  the  parenchyma  now  appear  as  little  (1  to  2  mm.),  dull,  opaque, 
white,  sago-like  bodies,  arranged  in  grape-like  clusters  around  the  finer  branches  of  the  ducts. 

The  parenchyma  is  prolonged  into  the  peripheral  processes,  into  the  suspensory 
ligaments  of  Cooper,  and  into  the  loose  retromammary  cellular  tissue  and  pectoral 
fascia.  The  breast  tissue,  therefore,  has  a  much  wider  distribution  than  was 
formerly  supposed.  Vertically,  it  extends  from  the  second  rib  to  the  sixth  costal 
cartilage  at  the  angle  where  it  begins  to  ascend  towards  the  sternum ;  horizontally, 
from  a  little  within  the  lateral  border  of  the  sternum,  opposite  the  fourth  rib,  to 
the  fifth  rib  in  the  midaxillary  line.     The  inner  hemisphere  of  the  mamma  rests 


qtiodrant  of  the  outer  hemisphere  rests  upon  the  greater  pectoral,  on  the  edge  of 
the  lesser  pectoral,  and  to  a  shght  extent  on  the  senatus  magnua,  upon  which 
it  extends  upwards  into  the  axilla  ("  axillary  tail "  of  Spenee)  as  high  as  the  third 
lih,  where  it  comes  into  relation  with  the  thoracic  group  of  axillary  lymphatic 
glands.  The  remainder  of  the  outer  hemisphere  rests  almost  entirely  upon  the 
eerratus  magnus,  except  the  lowest  part,  which  overlaps  the  digitations  of  the 
external  oblique  arising  from  the  fifth  and  sixth  ribs.  It  follows,  therefore,  that 
fvlly  one-third  of  the-  whole  mamma  lies  inferior  and  external  to  the  axillary 
border  of  the  pectoralis  major  muscle.  The  surgeon  must  cut  beyond  the  above 
limits  if  he  wishes  to  remove  the  whole  of  the  mammary  tissue. 

The  axillary  fa«cia  resists  the  spontaneous  rupture  of  an  aiillary  absceBs,  which, 
therefore,  tends  to  spread  upwards  b«neath  the  pectorala,  and  towards  the  root  of  the 
Deck.  To  open  the  abscess  the  incision  should  be  mode  upon  the  inner  wall,  behind, 
and  parallel  to,  the  long  thoracic  artery,  which  runs  under  cover  of  the  anterior  fold. 
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The  oxillarr  lymphatic  glands  vary  greatly  in  size  and  number ;  many  are  no  larger 
than  a  pin's  head.  In  the  female  some  of  them  undergo  an  adipose  functional  involu- 
tion, whereby  they  come  to  resemble  fat  lobules.  In  health  one  or  two  glauda  can  uBually 
be  felt  by  thrusting  the  fingers  upwards  and  inwards  beneath  the  anterior  fold,  the  ami 
being  only  slightly  abducted,  so  as  not  to  stretch  the  aiillary  fascia.  The  central  ffrotp 
(Leaf),  embedded  in  the  fat  immediately  beneath  the  axillary  fascia,  become  inflamed  in 
poisoned  wounds  of  the  upper  extremity.  The  same  group,  along  with  the  pectoral  group 
(reUted  to  the  inner  wall  of  the  aiiUa,  at  the  lower  bolder  of  the  pectoralis  minor),  are 
usually  the  first  to  become  diseased  in  malignant  affections  of  the  breast.  When  the 
disease  is  more  advanced  the  posterior  (subscapular)  and  the  tt/tico/  (subclavicular)  group* 
are  generally  affected  as  well ;  and  Rotter  has  shown  that  in  a  considerable  porportion  of 
cases  diseased  glands  are  to  be  found  in  the  retro-peclorcU  fascia,  i.e.  between  the  pectorali* 
major  and  minor  and  above  the  latter  muscle  on  the  first  iolercostal  space  in  relation  to 
the  small  superior  thoracic  artery.  In  operating  for  malignant  disease  of  the  breast,  tbe 
surgeon  removes,  in  addition  to  the  whole  breast  and  the  greater  part  of  the  skin  over  lU 
botli  pectoral  muscles  {with  the  exception  of  the  clavicular  fibres  of  the  pectoralia  major), 
all  the  axillary  lymphatic  glands,  and,  as  far  as  possible,  all  tbe  fat  and  fascia,  including  tbe 
sheath  of  the  axillary  vein.  It  must  be  remembered  that  the  lower  part  of  the  axillary 
vein  lies  immediately  underneath  tbe  deep  fascia  of  the  outer  wall  of  the  axilla  ;  iu  clean- 
ing the  inner  wall  the  long  thoracic  nerve  must  not  be  injured;  and  in  removing  tbe 
posterior  group  of  lymphatic  glands  the  long  subscapular  nerve,  which  accompanies  the 
subscapular  vessels,  must  be  avoided,  as  it  is  doubly  important  to  retain  the  action  of  the 
latissimus  dorsi  after  removing  the  pectorals.  The  writer  has  so  frequently  met  with 
disease  iu  these  retro-pectoral  glands,  that  he  is  convinced  of  the  necessity  of  removing 
the  pectoral  musclea 


Ihe  antenor  and  posterior  borders  of  the  deltoid  may  be  traced  from  the 
shoulder  girdle  to  the  insertion  of  that  muscle.  The  surface  relations  of  the  anterior 
border  have  already  been  referred  to ;  the  posterior  border  forms  a  well-marked 
and  important  landmark  aa  it  crosses  the  angle  between  the  axillary  border  of  the 
scapula  and  the  upper  part  of  the  shaft  of  the  humerus.  By  making  an  incision 
along  this  part  of  the  posterior  border  of  the  deltoid,  and  retracting  the  edge  of  the 
muscle  upwards  and  outwards,  we  expose  the  sorgical  neck  of  the  bnraenu,  the 
quadrUat^al  opening  in  the  posterior  wall  of  the  axilla  transmitting  the  posterior 
ciicumflex  artery  and  the  circnmfiez  nerve;  a  Uttle  lower  down  is  the  musculo- 
spiral  nerve.  The  cotaco-brachialis,  the  guide  to  the  upper  half  of  the  brachial 
artery,  forms  a  prominence  occupying  the  upper  half  of  the  interiial  bicipital  furrov). 
Traced  downwards  the  internal  bicipital  furrow  widens  out  into  an  elongated 
triangle.  This  triangle,  which  may  be  termed  the  internal  supracondyloid  triangle, 
becomes  continuous  below  with  the  inner  part  of  the  triangle  in  front  of  the  bend 
of  the  elbow,  and  is  limited  posteriorly  by  the  internal  intermuscular  septum,  which 
may.  be  felt  as  a  cord-like  band  extending  upwards  from  the  internal  condyle;  the 
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floor  of  the  spekce  is  formed  by  the  inner  part  of  the  brachialis  anticua  Within 
the  triangle  are  the  following  important  structures,  enumerated  from  without  in- 
wards, viz. :  the  brachial  artery,  the  median  nerve,  the  lower  part  of  the  baallic 
▼ein,  the  internal  catandooB  nerve  and  the  supracondyloid  lymphatic  glands,  two 
or  three  in  number.  Extending  upwards  from  the  external  condyle  to  the  insertion 
of  the  deltoid  is  the  external  intermuscular  septum,  which  is  pierced  at  the 
junction  of  its  upper  and  middle  thirds  by  the  moBcnlo-apiral  nerve.  Between  the 
external  intermuscular  septum  and  the  outer  edge  of  the  biceps  is  the  ill-defined 
exierTial  bicipital  furrow,  the  floor  of  which  is  formed  by  a  strip  of  the  brachialis 
anticuB,  and,  nearer  the  elbow,  by  the  supinator  longus  and  extensor  carpi  radialis 
longior. 

The  posterior  compartment  of  the  upper  arm  is  occupied  by  the  triceps,  the  long 
head  of  which  can  be  traced  upwards  to  the  axillary  border  of  the  scapula  in  front 
of  the  posterior  border  of  the  deltoid  and  behind  the  posterior  fold  of  the  axilla. 
The  outer  head  of  the  triceps,  after  emei^g  from  under  cover  of  the  lower  part 
of  the  posterior  border  of  the  deltoid,  is  continued  obliquely  down  the  outer  aspect 
of  the  upper  arm  as  a  well-marked  muscular  elevation.  Above  the  olecranon  is 
the  strap-like  tendon  of  insertion  of  the  triceps,  which,  when  the  elbow  is  fully 
flexed,  forms  an  admirable  posterior  splint  in  supracondyloid  fractures  of  the 
humerus. 

The  brachial  artery,  slightly  overlapped  in  the  upper  half  of  the  arm  by  the 
coraco-brachialis  and  in  the  lower  half  by  the  biceps,  can  be  felt  pulsating  through- 
out the  whole  length  of  the  antenor  part  of  the  internal  bicipital  furrow.     The 


axilla,  downwards  to  a  point  (opposite  the  neck  of  the  radiua)  J  in.  below  the 
middle  of  the  bend  of  the  elbow.  In  ligaturing  the  vessel,  the  edges  of  the 
coraco-brachialis  and  biceps  muscles,  together  with  the  median  nerve,  furnish  valu- 
able guides  to  the  artery,  the  mobility  of  which  is  often  a  source  of  trouble  in 
performing  the  operation. 

The  builic  vein,  which  is  super6cial  to  the  deep  faacia  in  the  lower  third  of  the 
upper  arm,  is  visible  in  the  internal  aupracondyloid  triangle  and  the  lower  part  of 
the  internal  bicipital  groove.  The  cephalic  vein  ascends  a  little  internal  to  the 
outer  edge  of  the  triceps  to  reach  the  interval  between  the  deltoid  and  pectoralis 
major. 

The  surface  guide  for  the  median  uervs  is  the  same  as  that  for  the  brachial 
artery.  The  ulnar  nerve  is  indicated  superficially  by  a  line  extending  from  the 
out«r  wall  of  the  axilla  immediately  behind  the  prominence  of  the  coraco-brachialis, 
to  the  back  of  the  internal  condyle ;  in  the  upper  half  of  the  arm  the  ner%-e  lies 
close  behind  the  brachial  artery  under  cover  of  the  basilic  vein,  while  in  the  lower 
half  it  lies  a  httle  behind  the  internal  intermuscular  septum,  partially  embedded 
in  the  fibres  of  the  inner  head  of  the  triceps.  To  map  out  the  course  of  the  mnscnlo- 
apiial  nerve,  first  mark  the  point  where  it  pierces  the  external  intermuscular 
septum,  viz.  the  junction  of  the  upper  and  middle  thirds  of  a  line  extending  from 
the  insertion  of  the  deltoid  to  the  external  condyle ;  from  this  point  draw  a  line 
obliquely  downwards  and  forwards  to  the  front  of  the  external  condyle,  where  the 
nerve  divides  into  its  radial  and  posterior  interosseous  branches.  To  map  out  the 
nerve  as  it  lies  in  the  musculo-spiral  groove,  draw  a  line  from  the  same  point 
obliquely  upwards  across  the  prominence  formed  by  the  outer  head  of  the  triceps  to 
the  Junction  of  the  posterior  fold  of  the  axilla  with  the  upper  arm.  In  fractures  of 
the  humerus  in  the  neighbourhood  of  the  insertion  of  the  deltoid,  the  nerve  is  not 
infrequently  lacerated,  or  so  involved  in  the  callus  as  to  produce  the  condition 
known  as  "  drop-wrist,"  the  result  of  paralysis  of  the  extensor  muscles  of  the 
forearm.  To  cut  down  upon  the  nerve,  commence  the  incision  a  little  below  the 
point  where  it  pierces  the  external  intermuscular  septum,  and  carry  it  obliquely 
upwards  and  slightly  backwards  through  the  outer  head  of  the  tricepe. 

The  shaft  of  the  humems,  nowhere  subcutaneous,  is  most  readily  manipulated 
in  the  region  of  the  insertion  of  the  deltoid,  upwards  along  the  outer  head  of  the 
triceps,  and  downwards  behind  the  external  supracondyloid  ridge.  The  flnrgical 
neck,  situated  between  the  tuberosities  and  the  attachments  of  the  muscles  inserted 
into  the  region  of  the  bicipital  groove,  is  related  to  the  outer  wall  of  the  axilla,  and 
is  on  a  level  with  the  junction  of  the  upper  and  middle  thirds  of  the  deltoid ;  at 
the  same  level  are  the  circumflex  vessels  and  nerves. 

The  shaft  may  be  cut  down  upon  with  least  injury  to  soft  parts:  (1)  in  its  Nfip«r 
third,  ant«riorly,  by  an  incision  extending  downwards  through  the  anterior  fibres  of  the 
deltoid,  parallel,  and  a  little  external,  to  the  bicipital  groove ;  the  aheath  of  the  biceps 
will  thus  be  avoided,  and  the  small  anterior  circumflex  artery  will  be  the  only  Teasel 
divided.  (2)  In  the  upper  third,  potteriorly,  by  an  incision  through  the  posterior  fibres 
of  the  deltoid,  the  bone  being  reached  just  external  to  the  origin  of  the  outer  head  of  the 
triceps,  thus  avoiding  the  musculo-spiral  nerve  ;  the  circumflex  vesaela  and  nerves  will  be 
exposed  at  the  upper  part  of  the  wound.  (3)  In  the  louier  third,  by  an  incision  extending 
upwards  from  the  back  of  the  external  condyle  a  little  to  the  inner  side  of  the  eiteroal 
intermuscular  septum. 

THE  ELBOW. 

In  injuries  about  the  elbow  the  di^nosis  rests  mainly  upon  the  relative 
positions  of  the  bony  points,  which  are,  therefore,  of  great  importance.  The 
epicondylar  processes  of  the  humerus  are  both  subcutaneous  and  upon  the  same 
level,  the  internal  being  the  more  prominent.  In  the  extended  position  of  the 
elbow  the  tip  of  the  oleeruwn  is  on  a  level  with  a  line  joining  the  epicondyles ; 
"ffhen  the  forearm  is  flexed  the  olecranon  descends,  and  when  full  flexion   is 


bifurcation  of  the  nnucnlo-spiral  nerrs  takes  place  la  front  of  the  external  condyle 
under  cover  of  the  supinator  longus.  The  nln&r  nsrve  can  be  rolled  beneath  the 
finger  upon  the  back  of  the  iaternal  condyle ;  its  position  renders  it  liable  to  injurj- 

iu  severe   fractures  about  the 
elbow,  and  in  escising  the  joint 
^'"'  care  must  be  taken  not  to  injure 

.rtmy       the  nerve. 


cm  THE  FOREARM  AND  HAND. 

Usdiu  I  "  "^""^ 

Ten.  The  upper  half  of  the  ndins 

MoKuii  "'"e        is  deeply  placed;  the  lower  half 

is,   however,    easily    palpated 
Portorior  *"*"        The  anterior  border  of  its  lower 

extremity  is  felt  as  a  prominent 

transverse  ridge,  situated  1  in. 

^""^  above    the    thenar   eminence: 

immediately  below  the  ridge 

-re  is  the  ladio-caipal  articnlatioiL 

The  tip  of  the  Htyloid  proceu, 

situated  nearly  i  in.  lower  than 

™7  that     of    the   ulna,  is   deeply 

]  placed  at  the  outer  side  of  the 

wrist,  in   the   hollow   between 

^^         the    extensor   tendons   of   the 

first  and  second  phalanges  of 

the  thumb.     Upon  the  middle 

^  of  the  posterior  surface  of  the 

Tendon  a.  ^..  .        lower  end  of  the  radius  ia  the 

B„ot»t]  '  """      dorwJ    radial    tubercle     which 

bone        intervenes  between  theextensor 

Ha  innnur     ®^  *''®  second  phaUux  of  the 

thumb   and    the   short     radial 

extensor    of    the    wrist ;     the 

tubercle  can  be  distinctly  felt. 

ell  and  may  be  taken  as  a  guide 

to  the   upper  end   of   Lister's 

dotBo-radial  incision  for  excision 

of    the    wrist.     The    posterior 

"^Pf  border    of  the    ulna    is    aub- 

Gutaneous  throughout,  and  may 
be  felt  along  the  interval  be- 
tween the  Sexor  and  extensor 
carpi  ulnaris  muscles.  Upon 
the  ulnar  side  of  the  dorsal 
aspect  of  the  wrist  is  a  well- 
P.«.92,.-B.ND0PELBow,^FR0STorF<,BEARM.ANDPAL-     ^^^    roundcd    piominence 

formed  by  the  lower  extremity 
of  the  ulna,  anterior  to  which  is  the  styloid  proceu,  the  deep  groove  between  ih.- 

two  being  occupied  by  the  tendon  of  the  extensor  carpi  ulnaris. 

The  carpal  bones  are  built  up  so  as  to  form  an  arch,  converted  by  the  anterior 
annular  ligament  into  a  tunnel  for  the  transmission  of  the  flexor  tendons.  At  each 
extremity  of  the  arch  the  two  bony  points  to  which  the  ligament  is  attached 
furnish  important  landmarks.  These  bony  points  are :  extffriudly,  the  tubercle  of  the 
scaphoid  and  the  ridge  of  the  trapezium ;  internally,  the  pisiform  and  the  hook  of 
the  unciform.  The  tnbercle  of  the  scaphoid  is  felt  immediately  above  the  root  of 
the  thenar  eminence,  midwav  between  the  tendons  of  the  extensor  ossis  metacarpi 


metacarpo-phalangeal  joint  of  the  thumb.  To  cut  into  the  flnt  interphaluijul 
Joints  from  the  front,  incise  along  tlie  highest  of  the  creases  in  front  of  the  joints; 
whereas  to  cut  into  the  terminal  joints,  incise  along  the  lowest  of  the  creases  in 
front  of  the  joints.  Posteriorly,  the  first  and  terminal  interphalangeal  articu- 
lations are  opposite  the  distal  of  the  various  creases  overlying  the  joints. 

The  most  important  musculaT  landmarks  upon  the  front  of  the  forearm  are  the 
supinator  longus,   the  flexor  carpi   radialis   and  the  pronator  radii   terea     The 
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mpinator  longns  is  thrown  into  prominence  by  flexing  the  semi-prone  forearm 
against  resistance.  At  the  junction  of  the  upper  and  middle  thirds  of  the  forearm 
the  pronator  radii  teres  pasaea  beneath  the  supinator  longus ;  between  the  two  is 
the  radial  artery.  The  tendon  of  the  flsxor  carpi  radialis  forms  a  promiaent 
landmark  descending  along  the  middle  of  the  anterior  aspect  of  the  forearm 
towards  the  ridge  of  the  trapezium;  the  tendon  of  the  palmaris  Iodsub,  when 
preatmt,  is  seen  to  its  inner  side. 

At  the  back  of  the  forearm  the  intermuscular  septum  between  the  radial  and 
common  extensors  corresponds  to  the  upper  part  of  a  line  extending  from  the 
external  epicondyle  of  the  humerus  to  the  tubercle  on  the  back  of  the  lower  end  nf 
the  radius.     Tlie  posterior  isterDaseons  nerve,  at  the  point  at  which  it  emerges  from 


indicated  by  a  well-marked  furrow,  extending  from  the  lower  edge  of  the  insertion 
of  the  gluteus  maximus  to  the  outer  aspect  of  the  knee ;  behind  this  furrow  is  the 
liicepB,  and  in  front  of  it  is  the  large  vaatns  extemiu,  covered  by  the  strong  ilio- 
tibiol  portion  of  the  fascia  lata.  The  sluA  of  the  fomnr  may  be  cut  down  upon 
along  the  whole  length  of  this  furrow  with  least  injury  to  the  soft  parts ;  the  trigone 
of  the  femur  and  deep-seated  popliteal  abscesses  are  most  conveniently  reached 
through  the  lower  part  of  the  same  incision.  The  course  of  the  great  sciatic  nerve 
corresponds  to  the  upper  half  of  a  line  extending  from  a  point  midway  between 
the  tuberosity  of  the  ischium  and  the  great  trochanter  to  the  centre  of  the  popliteal 
space  The  nerve  enters  the  thigh  under  cover  of  the  outer  border  of  the  biceps, 
whereas  the  small  sciatic,  which  takes  the  same  line,  descends  superficial  to  the 


Fiu.  G31. — Section  thiioi'i;h  the  Thiuh  imhediatelv  aeovk  the  Paiella. 

biceps,  between  it  and  the  fascia  lata.  In  the  operation  of  stretching  the  great 
sciatic  the  nerve  is  cut  down  upon  immediately  below  the  lower  border  of  the 
gluteus  maximus.  The  surgeon,  standing  on  the  side  of  the  patient  opposite  to 
the  leg  to  be  operated  upon  (Ohiene),  makes  au  incision  in  the  line  of  the  nerve 
through  the  integuments  and  fascia  lata,  and,  sweeping  the  index  -  finger 
round  the  outer  border  of  the  biceps,  hooks  up  the  nerve  as  it  lies  between  that 
muscle  and  the  adductor  magons.  The  external  popliteal  nerve  may  be  rolled  under 
the  finger  as  it  descends  immediately  behind  the  tendon  of  the  biceps  and  the  head 
of  the  fibula ;  so  close  is  the  nerve  to  the  tendon  that  the  latter  should  be  divided,  in 
cases  where  this  is  necessary,  by  the  open  method  rather  than  subcutaneously. 

Abeceseee  may  reach  the  flexor  compartment  of  the  thigh  from  various  souicee,  vIl  r  (1)  from 
the  posterior  aBp<;ct  of  the  hip-joint :  (2)  from  the  pelvie  through  the  great  sacio-Bcialic  fonmen ; 
(3)  from  one  or  other  of  the  bureie  under  the  gluteus  maximus ;  (4)  from  the  front  of  the  hip-joint 
by  passing  backwanla  under  the  tensor  faaciie  femoris  ;  or  by  winding  backwards  beneath  the  neck 
of  the  femur,  and  through  the  interval  between  the  qiiadratUR  femoris  and  the  adductor  magnoa  ; 
(5)  from  the  iliac  fmna  under  Poupart's  lieainent  into  Scarpa's  trianRle,  and  thence  to  the  back  of 


THE  POPLITEAL  SPACK 

When  the  knee  is  extended  the  popliteal  fascia  is  put  upon  the  stretch,  and 
obliterates  the  hollow  of  the  popliteal  apace ;  by  flexing  the  knee  the  fascia  is 
relaxed,  and  the  fingers  may  be  pressed  deeply  into  the  upper  or  femoral  division 
of  the  apace ;  as  a  rule,  the  pulsations  of  the  popliteal  artery  can  be  felt.  Beneath 
the  semitendinoBus  is  the  fleshy  Bemimembranosos,  which  bulges  into  the  space  and 
overlaps  the  upper  part  of  the  popliteal  artery.  Between  the  semimembranosus  and 
the  inner  head  of  the  gastrocnemius  is  the  most  important  buisa  in  the  poplitetJ 
region  ;  it  not  infrequently  becomes  distended  with  fluid,  and  then  presents  usually 


Flu.  S82.— Thr  Tsiuh  and  Gkoin. 

a  more  or  less  sausage-shaped  outline ;  according  to  Holden,  the  bursa  communi- 
cates with  the  cavity  of  the  knee-joint  in  one  subject  out  of  five. 

To  map  out  the  line  of  the  popliteal  tobuIs  and  bhe  internal  popliteal  nerre,  draw 
a  line  from  a  point  a  little  internal  to  the  upper  angle  of  the  space  to  a  point  mid- 
way between  the  condyles  of  the  femur,  and  thence  down  the  middle  of  the  space 
to  the  level  of  the  lower  part  of  the  tubercle  of  the  tibia.  The  internal  popliteal 
nerve  lies  immediately  beneath  the  deep  fascia  ;  the  artery  ia  separated  from  the 
trigone  of  tbe  femur  by  a  quantity  of  fat.  The  popliteal  lymphatic  glands  lie 
beneath  the  popliteal  fascia,  one  upon  the  internal  popliteal  nerve,  the  others  deeply 
in  the  space  (Leaf). 

THE   FRONT  OF   THE  THIGH. 

Between  the  front  of  the  thigh  and  tbe  abdomen  is  the  fold  of  the  groin,  at  tbe 
bottom  of  which  Fonpart's  ligament  can  be  felt  as  a  tense  band,  stretching  from  the 
anterior  superior  spine  of  the  ilium  tS  the  spine  of  the  pubis.     The  anterior  saperior 


obliterated,  and  the  extensor  tendons  ate  raised  from  the  front  of  the  joint 

A  finger's  breadth  below  the  tip  of  the  internal  malleolus  is  the  nutentacolnm 
tali ;  1^  in.  in  front  of  the  latter,  and  midway  between  the  dorsal  and  plantar 
margins  of  the  inner  aspect  of  the  foot,  is  the  tubercle  of  the  scaphoid  (the  inner 
landmark  in  Cbopart's  amputation),  which  is  generally  Tisible,  and  always 
distinctly  palpable.  The  adcaneo-astiagaloid  Joint  lies  immediately  below  the 
sustentaculum,  while  close  above  it  the  tendon  of  the  tibialis  posticoa  may 
be  rendered  visible,  as  it  extends  from  behind  the  tip  of  the  internal  malleolus  to 
the  tubercle  of  the  scaphoid.  An  inch  and  a  half  in  front  of  the  tubercle  of  the 
scaphoid  is  the  Joint  between  the  inteiiial  cuneiform  and  tlie  fint  metatarsal ;  the 
ridge  at  the  base  of  the  latter  bone  furnishes  a  good  guide  to  the  articulation.  The 
first  metatarao-phalangeal  joint  lies  a  little  in  front  of  the  middle  of  the  ball  of  the 
great  toe. 

A  finger's  breadth  vertically  below  the  tip  of  the  external  malleolus  ia  the 
peroneal  tubercle  of  the  os  calcis,  and  midway  between  the  two  is  the  calcaaeo- 
astracaloid  joint ;  the  tubercle  is,  when  present,  a  trustworthy  guide  to  the  level  at 
which  the  two  peronei  tendons  cross  the  outer  surface  of  the  os  calcis.  The  greater 
process  of  the  ob  calcis  is  felt  in  the  triangular  interval  between  the  tendons  of  the 
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peroneus  brevis  and  tertius;  the  c&lcaneo-cnbdd  joint — the  outer  landmark  in 
Chopart's  amputation — is  placed  a  little  in  front  of  the  mid-point  between  the  tip 
of  the  external  malleolus  and  the  base  of  the  fifth  metatarsal  bone.  To  open  the 
outer  tarso-metatarsal  articnlationa,  the  knife,  entered  behind  the  projecting  base  of 
the  fifth  metatarsal  bone,  should  be  directed  forwards  a&  well  as  inwards.  On  the 
dorsum  of  the  foot  the  tarsal  joints  are  obscured  by  the  extensor  teadons.  The 
amoTial  membrane  of  the  ankle-joint  is  prolonged  on  to  the  neck  of  the  astr^alus, 
and  care  must  be  taken  to  avoid  opening  the  ankle-joint  in  performing  Chopart's 
amputation. 

The  tine  of  the  tarso-metatarsal  jointa  extends  nearly  1  in.  further  forwards  on 
the  inner  than  on  the  outer  border  of  the  foot ;  between  these  points  the  joint- 
line  takes  a  zigzag  course  on  account  of  the  second  metatarsal  bone  extending 
backwards  between  the  internal  and  external  cuneiform  bones.  The  joint  between 
the  second  metatarsal  and  middle  cuneiform  is  nearly  J  in.  behind  that  between 
the  first  metatarsal  and  internal  cuneiform,  and  nearly  J  in.  behind  that  between 
the  third  metatarsal  and  the  external  cuneiform.  The  strong  transverse  inter- 
osseous ligament  {Lisfranc's  li//ament),  which  connects  the  outer  surface  of  the 
internal  cuneiform  with  the  base  of  the  second  metatarsal,  must  be  divided  in 
the  tarso-metatarsal  amputation  of  Lisfranc  In  order  to  preserve  the  insertions 
of  the  two  tibial  and  the  three  peroneal  muaelea  it  is  advisable,  when  possible, 
instead  of  disarticulating  at  "  Lisfranc's  joint,"  to  saw  through  the  metatarsal  bones 
just  in  front  of  their  bases. 


the  heads  of  the  metatarsal  booes,  should  not  be  injured. 

The  tmdon  of  the  tlbi&llB  postdcns  may  be  felt,  and,  by  inverting  the  foot,  seen, 
as  it  extends  from  behind  the  tip  of  the  internal  malleolus  to  the  tubercle  of  the 
scaphoid ;  it  croaees  the  astragalus  immediately  above  the  Bustentaculum  tali 

In  the  commOQest  form  of  club-foot,  viz.  Mlipet  equino-varut,  the  tubercle  of  the 
scaphoid  is  ap^roiiiuated  to  the  internal  malleolus,  so  that  teaotomy  of  the  tendon 
should  be  performed  through  a  puncture  a.  little  below  the  tip  of  the  internal  malleolus : 
if  the  knife,  aft«r  dividing  the  tendon,  be  carried  down  to  the  bone,  the  infoior  calcaneo- 
scaphoid  ligament  will  be  divided  and  the  artragalo-scaphoid  joint  opened,  a  procedure 
which  is  called  for  before  the  foot  can  be  brought  into  good  position. 

Crossing  the  front  of  the  ankle-joint,  from  within  outwards,  are  the  following 
tendons:  viz.  the  tdbialia  aaticiu,  the  lai^est  and  moat  prominent;  the  sztouor 
longiu  hallocifl,  the  extensor  longm  digitorain,  and  the  paon«tu  tartitu.  The 
extensto'  brevis  dijitorun  gives  rise  to  a  fleshy  pad  which  overlies  the  doiBul  aspect 
of  the  calcaneo-cuboid  joint.  When  the  foot  is  everted,  the  tendon  of  the  peroiwui 
brevis  may  be  seen  extending  from  the  tip  of  the  external  malleolus  to  the  base  of 
the  fifth  metatarsal  bone ;  immediately  below  it  is  the  tendon  of  the  peroneiu  lonpis, 
which,  as  it  winds  round  the  cuboid,  is  obscured  by  the  fleshy  fibres  of  the  abductor 
minimi  digit!  muscle.  The  abductor  taallvcis  mns<^,  although  described  along  with 
the  sole,  forma  a  fleshy  pad  along  the  inner  border  of  the  foot  below  the  susten- 
taculum tali. 

An  incision,  extending  from  the  tubercle  of  the  scaphoid  to  the  middle  of  the 
inner  border  of  the  heel,  will  expose  the  various  tendons,  vessels,  and  nerves,  as 
they  pass  from  the  inner  ankle  into  the  sole  beneath  the  abductor  hallncis. 

The  doTsalis  pedis  artery  may  be  mapped  out  on  the  surface  by  drawing  a  line  from 
a  point  opposite  the  ankle-joint,  midway  between  the  tips  of  the  two  malleoli,  to  the 
binder  end  of  the  first  interosseous  space ;  the  vessel  may  be  compressed  against 
the  inner  column  of  the  tarsal  bones.  The  internal  saphenons  velii  and  nerre  lie 
between  the  anterior  border  oi  the  internal  malleolus  and  the  tendon  of  the  tibialis 
anticuB ;  the  external  aaphenons  vein  and  nerve  take  the  same  course  as  the  tendon 
of  the  peroneus  brevis. 

The  internal  plantar  vessels  and  nerves  lie  along  the  intaraal  intermnacnlar 
septum,  which  corresponds  to  a  line  drawn  from  the  under  surface  of  the  inner 
tuberosity  of  the  os  calcis  to  the  interval  between  the  first  and  second  toes.  The 
extenial  plantar  veasels  and  nflrres  may  be  exposed  by  an  incision  along  the 
external  intermuscolar  septum,  which  runs  in  a  line  extending  from  the  middle  of 
the  under  surface  of  the  heel  to  the  fourth  toe  (Kocher) ;  to  map  out  the  course 
of  the  plaatar  arch,  draw  a  line  across  the  sole  from  the  inner  side  of  the  base  of 
the  fifth  metatarsal  bone  to  the  hinder  end  of  the  first  interosseous  space. 
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Iftchrymal,  816 
laryngeal,  inferior,  823 

Miperior,  804,  1218 
lingiial,  805,  933,  1006,  1243,  1249,  1251 

of  inliirior  dental,  812 
of  lower  limb,  856,  934,  943,  953 
lumbar,  839,  850,  933,  940,  949 
macular,  735 
malleolar,  external,  868 

internal,  865,  868 
mammary,  external,  829 

internal,  825,  933,  940,  941,  951,  1255 

lateral.  951 
maM<eteric,  812 
mastoid,  of  occipital,  808 

of  posterior  auricular,  808 
maxillary,  external,  806 

internal,  810,  933,  950,  1237 
median,  834,  943,  952 
mediatttiiial,  825,  839 
medullary.     .Sec  Arteries,  nutrient 
nMQingeal,  anterior,  816 

of  internal  carotid,  815 


ui  peiiia,  ou«,  11.* 

perforating,  of  foot,  866,  867,  869 

of  hand,  833,  836 

of  internal  mammary,  826 

of  peroneal,  865 

of  profunda  femoria,  661 
pericardii^,  826,  839 
perineal,  BUperficial,  854,  1170 

transverse,  854 
perirenal,  842 
peroneal,  865,  934,  943,  953,  1310 

anterior,  865 

poetertor,  865 
pharyngeal,  ascending,  808,  933,  1037 
phrenic,  inferior,  839,  949 

superior,  826 
pituitary,  815 
plantar,  external,  865,  866,  954,  1312 

internal,  865,  953,  1312 
popliteal,  863,  934,  943.  953,  1305 
prevertebral,  of  ascending  pharyngeal,  I 
princeps  cervicis,  808 


senu  of,  5fi3 
lenticular  part  of,  583 
optic  radiation  fibres  of,  653,  583,  59 
posterior  limb  of,  fi83 
pyramidal  fibrea  of,  583,  591 
retro-lenticular  part  of,  583,  592 
strio-thalamic  fibrea  of,  681,  683 
temporo.pontine  fibrea  of,  683,  691 
thalamo-frontal  fibrea  of,  683 
thalamo-Btriat«  flbtw  of,  583 
of  jointe,  258 


of  len 


,  733 


otic,  120,  18] 

BuprarenaL     See  Suprarenal  capsule 

of  Tenon,  405,  724 
Cardia,  1051,  ia56,  1867,  1290,  1271 
Cardiac  bTOnchus,  990 

lobe  of  lung,  990 

nervea.    See  Nerves 

plexus.    Set  Plexus 

portion  of  etomach,  1060,  1052,  1055 

veina,  871 
Cardinal  veins,  935,  936,  944 
Carina  urethralis,  1195 
Carotid  artery.    See  Artery 

gland,  1320 

groove,  123,  169 

lymphatic  glands,  1247 

pleiua,  707 

sheath,  400,  802 

triangle,  1200, 1261 

tubercle,  1252 
Carpal  arch,  anterior,  835 
dorsal,  836 

arteries.    See  Artery 

bonee,  203 

architectuie  of,  208 
ossification  of,  208 
variations  in,  S09 

joints,  284 


nerves  to,  635 
Bynovial  membrane  of,  286 
transverse,  285 
Carpal  e,  253 

Carpo -metacarpal  jointe,  287 
Carpus,  203,  208 
Cartilage  bones,  72,  73,  182 
coatal,  101 

cricoid,  958,  959,  992,  1249 
enaifomi,  94,  96 
of  larynx,  958,  992 
of  Meckel,  36,  146 
nasal,  717 
lateral,  71 R 

proccHBUS  aphenoidalis  of,  718 
of  septum,  717 
vomerine,  718 
jiarachordal,  181 
of  pinna,  745 
of  Reichert,  148 
aemilunar,  301,  1307,  1308 
tarsal,  1239 
of  trachea,  975 
xiphoid,  94,  96 
Cartilagines  comieulatfe,  961 
ei formes,  961 


Cartili 


^1', 
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minor,  of  Santonni,  1070 

sublingualis,  997,  1012 
CaruncuTffi  hymenales,  1193,  1197 
Cauda  equina,  454,  609 

belicis,  746 
Caudal  aortic  arches,  62,  926,  928,  933,  942 

fold,  27,  49,  66 

nerves.    See  Nerves 

proceaa,  43 
Caudate  lobe  of  liver,  1113 

nucleus,  674,  575,  679 
Cavernous  arteries,  816 

plexus.     See  Plexus 

ainuB,  886 
Cavity,  amniotic,  48,  49,  50 

glenoid,  114,  1249 

segmentation,  17 

sigmoid,  of  radius,  SOI 
of  ulna,  196 
Caviun  conch  le,  744 

dentis,  1016 

Meckel  ii,  679 

Retzii,  439 

Bubaracbnoidale,  601 
CellB,8 

basal,  of  olfactory  mucous  membrane,  722, 
723 

body  of,  8 

ethmoidal,  129,  130,  149,  151,  173,  174,  1236 

germinal,  16,  12,  13,  22,  447,  471 

of  Oolgi,  464.  586 

lymphoid,  906 

of  marrow,  71 

of  Martinotti,  586 

mastoid,  122,  762,  1234 

nerve.     See  Nerve-cells 

nucleus  of,  8 

olbctory,  722,  7S3 

of  Rauber,  18 

reproduction  of,  9 

reproductive,  10 

sperm-mother,  13 

suatentacular,  13 
CeU-masB,  inner,  18,  60 

intermediate,  26,' 32 
Cementum,  1014,  1023,  1026,  1027 
Central  arteries.     See  Artery 

f;yrL     See  Gyri 
obe,  607 

lobule  of  cerebellum,  506,  607 

lymphatic  of  hand,  916 

point  of  perineum,  1277 

sulcus  of  inaula,  668 
Centmle,  253 
Centre,  association,  693 

medullary.     S«  Medullary  oenln* 

of  oeaification,  72,  73 
Centiolecithal  ovum,  11 
Centrosdme,  9,  10,  11,  14,  16,  17 
Centrum  of  vertebra,  76,  94 
Cephalic  aortic   arehes,  36,   37,  62,  926,   927. 
928,  932,  942 

flexure  of  bmtn,  479 

fold,  27,  49,  66 

index,  178 

myotomes,  448 

somites,  31,  32 

vein,  891,  938,  946,  956,  1296 
Cephalo-auricular  angle,  743,  745 
I  Cerato-hyal,  146 


of  hyoid  bone,  147,  148,  1250 

of  lateral  ventridee,  673,  576 
■       ofaacnun,  84 

of  gaphenotu  opening,  356 

of  thyroid  cartilage,  968,  959 

of  uterus,  119S 
Corona  dentia,  lOlS 

gland  ie,  1170 

radiata,  583,  591 
of  ovum,  12 
Coronal  plane,  5 

auture,  108,  153,  160,  177 
Coronary  arteries.     See  Arteries 

ligament,  1099,  1116,  1116 

pleiUB.     See  Pleius 

sinus,  784,  787,  870,  871,  931,  946,  964 

veina.     See  Veins 
Coronoid  foesa,  193 


Corpora  mammillaria,  475,  478,  548,  650,  572, 
696 
quadrigemina,  476,  477,  631,  634 

bnichia  of,  532,  534,  535 

connexion  with  cochlear  nerve,  634 
Corpora  quadrigemina,  connexion  with  thala- 
mus, 634 

development  of,  542 

fillet-fi1)K«  of,  634,  638 

inferior,  631,  634 

structure  of,  G34 

superior,  631,  634,  562,  663,  592 
Corpus  adip"  sum  buccie,  997 
albicana  of  ovary,  1184 
Atnntii,  790 
calloaum,  476,  670,  688 

absence  of,  668,  690 

body  of,  671 

development  of,  697 

forceps  major  of,  671,  576 

genu  o(  671 

gray  matter  ot,  671 

gyn  of,  671 

radiationof,  571,  588 

roetrum  of,  571 

sptenium  of,  671 

atriie  longitudinalea  of,  569,  671,  673 

tapetum  of,  571,  576,  688,  691 
caveraceum  clitoridia,  1197 

penis,  1170,  1172 
ciliaK,  729 
dentatum,  610 

geniculatum  externum,  631,  544,  546,  662, 
592,  594 

internum,  632,  638,  562,  692 
Uigbmori,  1161 
luteum,  1184 

spongiosum  penis,  1170,  1172,  1277 
striatum,  564.  660,  684 

connexions  of,  581 

development  of,  696 

vein  of,  674,  882 
subthalamicuni,  646 
trapeKoidea,  501,  609,  610,  520 
vilreuni,  736 
Corjiuscles,  blood,  61 

concentric,  of  UaaaaU,  1220 

of  Krau-e,  770 

lynipb,  906 

Malpjghian,  of  spleen,  1213 


of  Ruffini,  775 
tactile,  774 
CotpuBcula  bulboidea,  776 

lamellaaa,  776 
Corrugator  cutis  ani,  436,  1093 

anpercilij,  403,  404 
Corl£X,  cerebral     See  Cerebral  cortex 

renal,  1138 
Corti,  ganglion  of,  761,  768 
head-platea  of  rods  of,  766 
organ  of,  766,  766 
cells  of  Claudius,  766,  767 
cells  of  Hensen,  766,  767 
development  of,  769 
hair-cells  of,  766,  767 
lamina  reticularis  of,  766,  767 
membrana  tectoria  of,  766,  767 
pillate  of,  766 
rods  of,  766 
apace  of  Nuel  of,  767 
supponjng  cells  of,  766,  767 
fibres  ol  767 
phalangeal  processes  of,  767 
tunnel  of,  766 
Cortico-pontine  tract,  501,  640,  683,  691 
Costal  cartilage^,  101,  271,  1266 
Costal  pleuts,  977,  978 

zone  of  abdomen,  1047 
Costo-central  joints,  209 
Costo-chondral  joints,  271,  1255 
Coeto-colic  lirament,  1083 
Costo-coracoid  ligament,  322 
membrane,  321,  828 
muscle,  324 
Costo-ateraal  joints,  271 
Cob  to- trans  verae  joints,  270 
Coeto- vertebral  jointe,  269 
Cortloid  cavity,  219 
ligament,  294 
notch,  217,  219,  220 
Cowper,  glands  of,  1169,  1176,  1180, 1306, 1278 
Cranial  nerves,  67t     See  alto  Nerves 
Ist,  $ee  Nerve,  olfactory 
2nd,  tet  Nerve,  optic 
3rd,  lee  Nerve,  oculo-motor 
4th,  lee  Nerve,  trochlear 
5th,  lee  Nerve,  trigeminal 
6th,  tee  Nerve,  abducent 
7th,  lee  Nerve,  fecial 
8th,  tee  Nerve,  auditory 
9th,  »M  Nerve,  gloaso -pharyngeal 
lOlh,  tee  Nerve,  vagus 
11th,  tee  Nerve,  spinal  accessory 
12th,  tee  Nerve,  hypoglossal 
Cranio-cerebral  topogiaphy,  1224 
Craniology,  178 
Craniometry,  178 

Cranio-pbaryngeal  canal,  124,  127,  164,  181 
Cranium,  103,  169,  177.     i'«  alio  SknII 
articulations  of,  with  spine,  266 
bony  landmarks  of,  1223 
capacity  of,  178 
cartilaginous,  181 
cerebroie,  103,  160 
circumference  of,  179 
foBBffiof,  167,  171,  176 
height  of,  179 
membranous,  181,  184 
surgical  anatomy  of,  122S,  1224 
thickness  of,  1224 


Defiecation  centre,  1097 
Degeneration,  Wallerian,  466 
Deglutition,  movemente  in,  419 
Deitere,  nucleus  of,  fi20,  521 


ligament,  307 

raiisde,  327,  331,  1296 

tubercle,  185 
Demilunes  of  Qianuzzi,  1008 
Deniours,  lamina  of,  726 
Dendrite  22,  440,  447,  449,  461,  513,  685, 

704 
Dental  arches,  143,  152,  160,  180,  1021 

artery,  811,  812 

canals,  132,  143,  144,  156,  158 

foramen,  144,  157 

formula,  1016 

index,  181,  1029 

lamina,  1026 

nerree.     See  Nerves 

veins,  880 
Dentary  centre,  146 
Dentate  fissure,  669 

gyrus,  668 

nucleus,  510,  611 
Dentinal  fibrils,  1024,  1028 

papilla,  1026,  1026 

sheaths,  1024,  1028 

tubea,  1024,  1028 
Dentine,  1014,  1023,  1024,  1026,  1026,  1028 
Depressor  alte  nasi  muscle,  403 

anguli  oris  mnacle,  404,  405 

labii  inferioris  muscle,  404,  406 

septi  muscle,  403 
Deimal  teeth,  1026 
Dermis,  773 

Descemet,  lamina  of,  727 
Descending  degeneration,  466 
Descriptive  terms,  4,  70 
Deutoplasm,  10,  47 
Development,  1 

of  abmentaiy  canal,  32 

of  anal  canal,  45 

of  appendicular  skeleton,  203 

of  arteries,  932 

of  auditory  oBsicles,  767 

of  blood  vascular  system,  60,  920 

of  blood-veesels,  60 

of  brain,  476,  526 

of  cerebeUuni,  477,  480,  528 

of  cerebral  hembpheiea,  478,  480,  594,  595 

of  chondro -cranium,  181 

of  cranial  nerves,  698 

of  Eustachian  tube,  43,  44 

of  external  ear,  43,  66 

of  eye,  741 

of  heart,  62,  926,  926 

of  inter-brain,  478 

of  intestine,  1106 

ofioiiito,  259 

of  labyrinth,  769 

of  larynx,  35 

of  limbs,  46,  66 

of  liver,  1122 

of  mamma,  1209 

of  medulla  oblongata,  477,  480,  526 

of  mid-brain,  478,  477,  542 

of  mouth,  34,  38,67,41 

(if  neck,  36,  36,  37,  67 


of  (esophagus,  1042 

of  palate,  40,  1013 

of  pancreas,  1 129 

of  pericardium,  926 

of  peritoneum,  1105 

of  pharynx,  34,  1037 

of  pinna,  43,  66 

of  pituitary  body,  42 

of  placenta,  62 

of  pons  Varolii,  477,  480,  628 

of  quadrigeminal  bodies,  542 

of  respiratory  apparatus,  992 

of  salivarv  glands,  1013 

of  skeletal  muscles,  441 

of  skin,  778 

of  spinal  cord,  471 

of  spinal  nerves,  660 

of  spleen,  1213 

of  suprarenal  capsules,  1216 

of  sympathetic  system,  715 

of  teeth,  1026 

of  thymus  gland,  1220 

of  thyroid  gland,  1217 

of  tongue,  36,  37,  1013 

of  tonsil,  1037 

of  tympanic  cavity,  43,  44 

of  urinogonital  oigans,  1198 

of  veins,  62,  934 
Diagonal  sidcus,  660,  661 
Diaphragm,  423,  426,  1043 

anomalies  of,  426 

arch  of,  1286,  1290 

central  tendon  of,  424 

crura  of,  423 

foramina  in,  424 

hernia  of,  426 
Diaphragma  sellie,  599 
Diaphragmatic  ganglion,  622,  713 

line  of  pleura,  979,  981 

lymphatic  glands,  924 

^eura,  977 

plexus,  622,  713 
Diaphysis,  71 
Diapophysis,  94 
Diarthrosis,  256,  257,  260 
Diencephalon,  476,  478,  481,  542 
Digastric  fowta,  144 

groove,  117,  166 

muscle,  413,  416,  416,  442 

triangle,  1249 
Digital  arteries.     See  Arteries 

fossa,  226 

of  testis,  1180 

sheaths  of  tiugera,  339 
of  toea,  378 

veins,  889,  900,  946 
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DiKitUB  post  n 
Dilatator  pupillte,  731 
Dilalor  naris  mtiKcle,  403 

tubiB  muscle,  764 
Diphyodont  dentition,  1029 
Diploe,  71 
Diploic  veins,  880 
Disc,  articular,  260,  261,  268,  274,  i! 

interpubic,  292 

intervertebral,  261 

optic,  731 

tactile,  774 
Discus  proligerus,  1 186 
Diverticulum,  allantoic,  50, 61.  Sfi 


01  vagina,  iisxt,  laaa 
Fossa  or  Foasie,  acetabiili,  219 
anterior  palatine,  134,  162 
anti helix,  744 
canine,  131,  1237 
cloncal,  44,  1200,  1203,  1206 
condylic,  111,  166 
coronoid,  193 
cranial,  167 

anlerior,  167,  171,  176 

middle,  169,  171 

posterior,  170 
digastric,  144 
digital,  of  femur,  225 

of  testis,  1160 
ductus  venoei,  1112,  1114 
duodenal,  inferior,  1068,  1069 

superior,  1068,  1069 
duodeno-jejunal,  1069,  1272 

Spigaatric,  1155 
occular,  119,  122 
glandulce  lachrymalis,  105,  149 
glenoid,  114,  116,  122,  155,  186,  276 
of  helii,  744 
hf  potrochanterica,  229 
ileo-uecal,  1061 
ileo-colic,  1082 
iliac,  217,  220 
incisor,  131,  144 
incudis,  749 
infra^pinouB,  187,  189 
infratemporal,  156 
inguinal,  external,  1098 
internal,  1088,  1101 
middle,  1098 
intercondyloidea,  227 

tibiee,  232 
interaigmoid,  1086,  1274 
iscliio-rectal,  12R1 
jugular,  118,  122,  165,  1233 
of  Landzert,  1069 
for  ligamentum  tei«s,  224,  229 
maetoid,  1233 
myrtiform,  131 
nasal.     See  Nasal  fossa 
navicularis,  1160, 1196,  1283 
obturator,  1143 
olecninon,  193 
orbital,  148 
ovalis,  787,  788,  930 
ovarica,  1182 
paraduodenal,  1066,  1069 
pararectal,  1090,  1101 
paravesical,  1101,  1155 
patellaris,  735 
pituitary,  122,  171,  181 
pterygoid,  126,  163 
pteryeo- palatine,  158 
radialis,  193 
retro-ctecal,  1081 
retro-colic,  1081 
rhomboidolis,  482,  487 
of  RosenmuUer,  754,  1033,  1034,  1246 
scaphoid,  126,  163 
Bphuno-maxillsry,  158 
Hubarcuata,  119 
submaxillary,  144,  1012 
auliBcapuIar,  189 
supraspinous,  187,  188 
uupratousillar,  1034,  1035,  1036,  1038 


trianguians  oi  pinna,  744 
for  vena  cava  inferior,  1111, 1115 
vene  umbilicalis,  1114 
veeiciE  feUece,  1115 
zygomatic,  154,  164 
Foeaula  feuestrae  cocbleie,  118,  752 
vestibuli,  752 
inferior,  of  internal  auditory  meatus,  762 
superior,  of  internal  auditory  meatus,  762 
Fountain  decussation,  539 
Fourchette,  1196 
Fourth  ventricle.     See  Ventricle 
Fovea  centralis  retime,  731,  734 

inferior  of  fourth  ventricle,  486,  527 
pterygoidea,  145 

superior  of  fourth  ventricle,  488,  527 
trocblearis,  105,  149 
Foveolie  gastricie,  1159 
Frenula  valvule  coli,  1077 
Frenulum  epi^lottidis,  1002 
of  Qiacotnini,  569 
of  lips,  995 

piieputii  clitflridis,  1196,  1197 
penis,  1171 
i,  531,  542 
un  lingii 
Fretuni  Halle    , 
Frontal  artery.     See  Artery 
bone,  103,  148,  149,  162,  169,  173 
architecture  of,  106 
ossification  of,  106 
sexual  differences  in,  104 
variations  in,  106 
eminences,  103,  177, 1224 
gyri.    Ste  Gyrus 
lobe,  660 
nerve,  679 

region,  148 

sinus,  105,    107,   129,    149,    174,   175,   177, 
1235 

suture,  148 

vein,  879 
Fronto-niarKinal  sulcus,  560 
Fron  to-nasal  process,  38 
Froulo-pontiue  tract,  540,  683,  591 
Froriep,  ganglion  of,  700,  701 
Fundiiorm  ligament,  377 
Fundus  of  coscum,  1076 

of  stomach,  1051,  1052,  1055,  1271,  1290 

tympani,  749 

Uteri,  1187,  1284 

Tcstciie,  1145 
Fungiform  papilla,  1003,  1004 
Funicular  process,  1266 
Funiculus  anterior  of  cord,  455 

ouneatus,  456,  466,  473,  484.  489,  491,  492 

Eacilis,  45^  466,  473,  464,  469,  491,  492 
teralis  of  cord,  465 

posterior  of  cord,  455 

of  Rolando,  465,  491 

separaus,  488 
Furcula,  35,  38,  1013 
Furrow,  bicipital,  1296 

nuchal,  1253 

spinal,  1284 

sternal,  1263 

ulnar,  198 


Galen,! 


s  of,  604,  682 


lOIll,   IJUB 

1   umiaiory  ceiiB,  ni 

lior,  215 

hair,  771 

surface,  215 

pore,  771 

vtiijs,  895 

Gyrus  or  Gyri,  6S4 

luteuamaiiiui 

w  nm«cle,3fiS,  375, 376, 399, 1302 

angular,  663,  564,  1225 
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Gyrus  or  Qyri,  annectant,  deep,  558,  563,  564, 

565,  566 
callosal,  568 
central  anterior,  560 

posterior,  564 
cuneate,  566,  565 
cuneo-lingual,  anterior,  566 

posterior,  566 
dentatus,  568 
development  of,  596 
fomicatus,  568 
frontal  ascending,  560,  1225 

inferior,  560,  561,  1225 

middle,  560,  561,  1225 

superior,  560 
hippocampal,  568,  584 
lingualis,  566 
mai>ginalis,  561 
occipito-temporal,  566,  567 
orbitalis  anterior,  562 

intemus,  562 

posterior,  562 
parietal,  ascending,  563,  564,  1225 

inferior,  563,  564 

superior,  563,  564 
postcentralis,  563 
postparietalis,  563,  564 
rectus,  562 

subcallosus,  571,  573,  597 
supracallosus,  569,  571,  573 
supramarginal,  563,  564,  1224 
temix)ral,  567 

transverse,  567 


Habenula,  commissure  of,  548 

ganglion  of,  547 

peilorata,  765 
Hsemorrlioidal  arteriea     See  Artery 

plexus,  714 
venous,  1096 

veins.-    See  Veins 
Hair,  776 

development  of,  779 

of  fcBtus,  68 

erector  muscles  of,  778 

follicle  of,  776 

papilla  of,  777 
Hair-cells,  auditory,  763,  764,  766,  767 
Hair-foUicles,  776 
Hairs,  gustatory,  771 

olfactory,  723 
Hamstring  muscles,  372,  1303 
Hamular  process,  126,  138,  163 
Hamulus  of  cochlea,  761 

lachrymalis,  138 

laminae  spiralis,  761 

pterygoideus,  126,  163,  1246 

of  unciform  bone,  208 
Hand,  arterial  arches  of,  835 

articulations  of,  284 

bones  of,  203 

fascias  of,  336 

movements  of,  289 

muscles  of,  336,  345 

surgical  anatomv  of,  1298 
Hard  palate,  162,160,  162,  177,  180 
Hare-lip,  1240 
Hasner,  valve  of,  741 
Hassall,  concentric  corpuscles  of,  1220 
Haunch-bone,  214 
Haustra  of  colon,  1075 


Haversian  canals,  71 
gland,  295 
systems,  71 
Head,  arteries  of,  801,  950 
bones  of,  103 
fasciae  of,  399 
lymphatics  of,  909 
mesodermal  somites  of,  31,  32 
movements  of,  398,  416 
muscles  of,  401,  442 
nerves  of,  700 

segmental  characters  of,  183,  701 
surgical  anatomy  of,  1222 
veins  of,  875 
Head-cap,  15 

Head-fold  of  embryo,  27,  33 
Heart,  780,  783 
abnormalities  of,  946 
annulus  ovalis  of,  787 
aortic  cusp  of,  791 

orifice  of,  789,  791,  1262 

vestibule  of,  791 
apex  of,  785,  789,  946 
arteries  of.     See  Arteries,  coronary 
auricles  of,  783,  786,  788,  792,  930,  1262 
auricular  appendices  of,  786,  788,  929 
auriculo- ventricular  apertures  of,  783,  787, 
788,  789 

groove  of,  783,  785,  1262 
base  of,  784 
capacity  of,  793 

central  fibro-cartilage  of,  789,  792 
chambers  of,  786 
chordas  tendinese  of,  790,  791 
columnae  cameae  of,  790,  791 
conus  arteriosus  of,  789 
coronary  sinus  of,  784,  787,  931,  871,  945, 

954 
corpora  Arantii  of,  790 
crista  t«rminalis  of,  787 
development  of,  62,  66,  925,  928 
endocardium  of,  787,  788,  790,  791,  792 
epicardium  of,  791,  792 
Eustachian  valve  of,  788,  932 
fibrous  rings  of,  790,  791,  792 
foramen  ovale  of,  787,  788,  930,  947 
foramina  Thcljesii  of,  787,  788 
fossa  ovalis  of,  787,  930 
infundibulum  of,  789 
interanricular  septum  of,  786,787, 788,930,947 

sulcus  of,  784 
interventricular  septum  of,  789,  791,  929,  947 

sulcus  of,  784,  785 
lunulas  of  valves  of,  790 
lymphatics  of,  793 
margins  of,  786,  1262 
mitral  orifice  of,  788,  790,  1262,  1290 

valve,  790 
moderator  band  of,  790 
musculi  papillares  of,  790,  791,  792 

pectinati  of,  737,  788 
myocardium  of,  791 
nerves  of,  793 
orifices  of  pulmonary  veins  in,  784,  788 

of  venae  cavae  in,  787 
''pars  membranacea  septi  of,  791,  947 
primitive,  928 
pulmonary  orifice  of,  789,  790,  1262 

valve  of,  790,  932 
Purkinj^'s  fibres  of,  791 
relation  of,  to  wall  of  thorax,  785, 786,  789, 1262 
semilunar  valves  of,  790,  791,  932 


liilepiiiiml,TTi 
InUnmdtT  iitiKaniltgei, 

hlmanmauB  nnata,  (^ 
iHteMentrel  Kfalatim,  161 

Inteiuilumnit  Ucb,  43),  4^, 
Iiiterc«iidylido!a&,^J 
notch,  W 

»neri«s.  S«irtety 
ljraphiiticgkn(l!,ffi3 

netvM,  635,  Ml 

Inlcroelo-haiiieial  nene,  UU,  €36,  (r!3 
iDleruuneilonn  joints,  31£ 
Interiwiul  veint  o!  [uot,  900 

of  hind,  890 
Interglobular  spwea  o!  dentine,  IMA 
InUrmaiilkry  jiioceM,  4\ 

auture,  133, 152 
Intermeditils  uell-mafs,  ^Q,  3^ 

Tuceral  arteries,  939, 942 
Intermedium,  os,  2&3 
InlermetacatpoA  arlionlfttions,  5ST ,  MS 
IntermetaiarBal  g,tticulatjoiiB,  %H 
Inleimuscvikt  w^la  oE  arm,  %^ 
of  foot,  318, 1213 

of  leg,  an 

of  Hi^h,  3&1, 1304 
InUmal  capsule.    See  GipaviV 

ear,  759.     See  aUo  UljjrmlU 
Inl^maaal  aututt,  138 
lutemeural  articul&liooa,  'iA\ ,  W% 
Intctolivary  aXtalmn,  496 
InlerosseouB  arUiiea.     Bee  XiXfirj 
groove  ol  aatragaloa,  ^40 

of  OB  calcia,  24S 
ligaments,  caYtajveo-nviboti,  ^\\ 
carpal,  2.B&,  2?6 
carpo-metacar^aV,  ^~ 
cubo-cuneilotm,  ^\a 
cu.ii4!0-iaeVaUm&\,  ^1^ 
iQteicune\(otu\,  S\'i 
mt«tm^lalarea.\,  ^W 
8«v\ilio-cub<ivOi,  ^"\\ 
ta\o-ca\i:ai\ea\,  ?LQS3 

u\usc\s:a  ot  Suv^tV,  Tift?,,  "aft^,  ^".V 
of  Ivand,  345,  34:1,  353,  3r. 

ridRe  of  fibvilaj  a3« 

of  tibia,  233 
veius  of  haixl.  890 
Iiitt^rpariutal  Ijoiic,   112, 
luluriMKliiiiculur  fraii^li' 

Bpiico,  -175,  478 
Interjilialaiigejvl  joint 
of  hand.  288.   13 


Kacyokineais,  9 
Karj-oplasm,  8 
Keratin,  774 
Kerkring,  oBsicle  ot,  114 
Kidney,  1130 

anterior  surface  of,  1136 

arteries  of,  1140 

calyces  of,  1141,  1202 

capsula  adipoaa  of,  1132,  1278 

capaiile  of,  1130 

columns  of  Berlin,  1138 

connective  tiaeue,  1139 

cortex  of,  1138 

development  of,  1  SOS 

duDensiona  of,  1130 

duct  of,  1141 

extremities  of,  1137 

feacia  tenaliB,  1132 

fixation  of,  1133 

foramina  papillaria  of,  1137 

gastric  impreseion  of,  1137 

ftomanili  of,  1139,  1140 
epatic  impression  of,  1137 

hilum  of,  1130,  1274,  1290 

horee-ehoe,  1140 

intennediate  Eone  of,  1138 

labyrinth  of,  1138 

lobes  of,  1138 

Malpighian  corpuscles  of,  1139,  1202 

medulla  of,  1138 

medullary  mve  of,  1138 

muscular  suitace,  1135 

nerves  of,  1140 

outer  border  of,  1136 

papillffiof,  1137 

pararenal  fat,  1133 

pelvis  of,  1141,  1199,  1202 

perirenal  lat  of,  1133, 1286 

position  of,  1130 

posterior  suriace  of,  1133 

primitive,  32 

pyramids  of,  1138 

relations  of,  1131,  1133,  1136 

sinus  of,  1130,  1137 

splenic  impression  of,  1137 

surface  impressions  of,  1134, 1137 

surgical  anatomy  of;  1285,  1274,  1290 

tubule;  of,  1139, 1199, 1202 

ureter  of;  1141,  1199,  1S02 

variations  in,  1140 

vaaa  afferentia  of,  1140 
eiferentia  of,  1140,  1199 

veins  of,  1140 

visceral  surface,  1135 
Knee-joint,  297 

articular  suriaceij  of,  297 

buTBie  connected  with,  303 

fibro-cartilagea  of,  301,  1307,  1308 

ligaments  o^  296 

movements  at,  303,  376 

nerves     of,     646,     646,    647,     650, 
652 

surgical  anatomy  of,  1307 

synovial  membrane  of,  302,  130S 
Knuckles,  1299 
KohlraUBcb,  valves  of,  1093 
Krause,  end-bulbs  of,  775 

valve  of,  741 

Labia  majora,  1182,  1196,  1S07 


Labial  artery,  806,  854 

glands,  996,  997 

nerves,  682 

tubercle,  996 
Labio-scrotal  folds,  1206 
Labium  tympanicum,  765 

vestibulare,  765 
Labrum  glenoidale,  294 
Labyrintn,  auditory,  759 ;  auditory  nerve  in, 

768 ;  blood-vesseto  of,  769 ;  cochlea  of,  769, 

760,  764 ;  development  of,  769  ;  endolyraph 

of,  763 ;  hair-cells  of,  763,  764,  766,  767  ; 

membranous,  769,  762  ;   organ  of  Corti  of, 

766,   766;   osseous,   759;   otoconia   of;   T63 ; 

perilymph   of,   762 ;    saccule    of,  759,    762 ; 


769,  762  ;  vestibule  o(  759 
labyrinth  of  ethmoid,  129 

of  kidney,  1138 
Lachrymal  apparatus,  740 
surgical  anatomy  of;  1238 

artery,  816 

bone,  103,  138,  161,  1T3 

canaliculi,  1236 

canals,  133,  740,  743 

caruncle,  1239 

crest,  133,  138,  161 

fossa,  106,  149 

gland,  740,  1238 
inferior,  740 
orbital  portion  of,  740 
palpebral  portion  of,  740 
superior,  740 

groove,  132,  133,  138,  161 

nerve,  679 

papillfB,  738,  740 

process,  139 

puncla,  740 

sac,  740,  741,  1239 
development  of,  40 
Lacteals,  1073 
Lactiferous  ducta,  1208 
Lacunie  of  bone,  71 

laterales  of  longitudinal  sinu-s  603,  884 

urethrales,  1180 
LacuB  lacrimal  is,  738 
Lagena  cochlea  764 
Umbda,  169,  160,  178,  1823 
Lambdoid  ligament,  377 

suture,    108,     111,     164,     159,    160,     1223, 
1225 
Lamells,  cutaneous,  30,  31 

interstitial,  71 

fundamental,  71 

osseous,  71 
Lamina  or  Laminte,  alar.    See  Neural  tiilie 

betsaL     Set  Neuial  tube 

basalis  of  chorioid,  728,  727 

chorio-capillaris,  728 

cinerea,  M9,  595 

cribrosa,  119, 130 
inferior,  760 
sclerte,  726 

dental,  1026 

elastic,  of  cornea,  726,  727 

fibro-cartilaginea  interpubica,  292 

fuBca,  725 

lateralis,  126,  156,  163 

medialis,  126,  163 


dorsi  muscle,  393 
Longitudinal  biiiKtle,  pOBterior,  491,  494,  502, 
S04,  624,  635,  537,  541,  642,  553 

sinus.     See  Sinus 
Longtis  colli  muscle,  421 
Loopof  Henle,  1139 

of  Hiibclavian, 
Lowenthal,  marginal  bundle  of,  521 
Lower,  tubercle  of,  788 
Lumbar  aponeurosis,  1044 

arteries,  839,  860,  033,  940,  949 

fascia,  318,  391 

ganglia,  710 

lymphatic  glands,  922 
trunk,  908 

nen'es.    See  Nerves 

pleiuB,  639,  641 

region,  1047,  1267,  1285 

rib,  92,  94,  100 

sympathetic,  710 

veins.     See  Veins 

vertebrfe,  75,  82 
Liimbo-sacral  coid,  648 

joint,  289 

ligament,  289 

pfeius.     Sft  Plexus 
Lunibricales  muscles  of  foot,  364,  389,  390 

of  band,  343,  353,  364,  356 
Lung,  983 

air-cellB  of,  991,  992 

alveolar  diicU  of,  991 

apei  of,  986,  1266,  1289 

azygos  lobe  of,  989 
sulcus  of,  987 

blood-vessels  of,  991 

bronchial  tubes  of,  9A9 

bronchioles  of,  991 

cardiac  lobe  of,  990 
notch  of,  988 

development  of,  992 

flaenrea  of,  988,  1258 

foilal,  986 

form  of,  985 

hUum  of,  986 
'    infuudibula  of,  991,  992 


lymphi 
middle 


r  lobe,  988 

s  of,  989 
middle  lobe  of,  989 
nerves,  989 

root  of,  989,  1260,  1290 
utruclure  of,  990 
sulcus  snbclaviuB  of,  985,  987 
surgical  anotomy  of,  1256 
upjwr  lolx!  of,  988 
variations,  989 
Lunula,  776,  790 
Lymph,  904 

Lymphatic  capillaries,  905 
Lymphatic  duct,  right,  904,  906,  909,  958 
glands,  904,  905 
of  alxlomen,  918 
ano-rectal,  1281 
ante-cubital,  913 
anterior  auricular,  910 
)r  jugular,  911 
-  (ibial,  916 
nortic,  Qf.9. 


bronchial,  924 

buccal,  910 

carotid,  1247 

cervical,  911,  912,  1251,  1252 

circumflex-iliac,  921 

cffiliac,  920 

colic,  920 

n  iliac,  921 


c  triangle,  1250 
epigaatric,  921 
external  iliac,  920 
facial,  910,  1173 
femoral,  916,  1306 
follicles  of,  906 
gastric,  918,  1060 
of  head  and  ueck,  909,  911 
hepatic,  916 
ileo-cscal,  920 
infra -clavicular,  914 
infra-umbilical,  921 
inguinal,  916,  1306 
intercostal,  923 
internal  iliac,  921 

mammary,  924 

maxilla  r)*,  909 
int«rtracheo-branchial,  924 
lateral  aortic,  922 


lin 


lal,  t 


offowerlimK916 

lumbar,  922 

mandibular,  910 

mastoid,  909 

mediastinal,  924 

mesenteric,  919,  920,  1072,  1073 

mesocolic,  1075 

obturator,  921 

occipital,  909 

of  the  promontory,  921 

pancreatic,  919 

parotid,  910 

pectoral,  914,  1294 

of  pelvis,  918 

popliteal,  916,  1306 

poet(;rior  auricular,  909 

of  pooterior  triangle,  1262 

post-pharyngeal,  911,  1037,  1246 

pre -aortic,  922 

pre  ■auricular,  1238 

pre-laiyngeal,  911 

pre-tracheal,  911,  1249 

pubic,  916 

rectal,  920,  1092,  1096 

retro-aortic,  922 

retro-cm ral,  920 

retro-peritoneal,  1277 

retro-pyloric,  919 

sacral,  921 

sinuses  of,  906 

splenic,  918,  1060 

stomal,  924 

structure  of,  9C6 

sub-clavian,  914 

sub-clavtoular,  1294 

sub-maxillary,  911 

sub-mental,  911 

sub- pyloric,  918 

sub-scapular,  914,  1294 

sub-st«momaFtoid,  9  IS 

supra-clavicular,  913 


orimUi;iidali.]i;xiis,  660 
of  akduUl  miiHulux,  441 
ul' skull,  181 


azygos  uvuIh;,  418,  419 
otback,318,  392,  3!t8 
biu;i«  brochii,  332,  336,  364,  12»T 


imi 
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'fmie  or  Muscles,  biceps  femons,  372,  375,  I  Muscle  or  MuscleSf  extensor  oasis  metecarpi 


.?;<?  m,  1308 

irenter  cervicis,  395 
tcbialis  auticus,  334, 336 
^.bio-radJAlis,  349, 354, 1300 
onebkl  tubes,  991 
>atvr,  404,  405,  407,  410,  419 
Bvemmus,  436 
!Jt,  368, 375 
ascendem,  393 
itmbleam,  3£4 

^m  ^H  ^^^ 

ukti,  419 
411 
411 
98 
'36 
'hi,  436 


7 

rior,  417,  419,  442 


3,  1295 


polhcis,  351, 354, 355 
ossis  metat&rsi  b&Uucis,  380 
proprius  ballucis,  380, 389, 390 
extensor  quinti  digiti  proprius,  350 
of  eyeball,  morpbology  of,  701 
of  eyelids,  402, 404, 738,  739 
of  face,  402, 404,  U2 
fasciculi  of,  316 
flexor  accessorius,  384, 390 
brevis  digitcnm,  386, 389, 390 
ballucis,  388, 389 
minimi  digiti  of  foot,  388, 389 
of  band,  347, 353, 354, 3oi) 
brevis  pllicis,  345, 353, 355 
carpi  radialis,  339, 353, 354, 1300 
maris,  340, 353,  354 
candsd,  441 

digiti  quinti  brevis,  347,  388 
longiis  digitomm,  384, 389, 390 
hallucis,  386,  389, 390 
pollicis,  343,  353,  366 
profundus  digitomm,  342,  353,  354 
sublimis  digitomm,  341,  353, 354 
of  foot,  378,  386,  389 
of  forearm,  339 

gastwcnemJas,  381,  389, 1309, 1310 
gemellus  inferior,  372,  375,  376 
euperior,  372,  375,  376 
genio-hyo-eloasun,  414,  415,  416,  1244 
genio-bYoidf  414,  415,  416 
gloeso'pharyngeua,  417 
gluteus  maxhnus,  368,  375,  376,  399,  1302 
mediiis,  370,  375,  376,  399 
minimuB,  370,  375,  376,  399 


ffmcilis,  365,  375,  376 
hamatrtDg,  372,  1303 
of  hand,  336,  346 
of  head,  401,  442 

of  heart,  791 
i     helicis  major,  746 

minor,  746 
of  Homer,  741 
hj'O-glo08U8,  414,  416,  416 
^f  hyoid  bone,  410,  416 
^'acus,  362,  363,  376,  376,  399 
rjj'nor,  363 
capsularia,  363 
)ccygeu8,  441 
stall's,  393 
IS,  362,  376,  1307 
lis,  441 
'es,  422,  426 
411,  413,  426 
>>  329,  331 
U7 

ernal,  422,  426 
42e 

fjt,  3SS,  389,  390 
7,  333,  334,  333 


31,399,  426,  1285 


raaiillary,  iuferior,  883 

posterior,  683 

superior,  681 

small,  683, 1000 

median,  625,  627,  1295,  1296,  1298,  1301 

palpebral,  688 

to  parotid  gland,  1011 

meoingeal,  of  vagus,  692 

patellar,  647 

meningeus,  681 
mental,  685 

pathetic,  677 

middle  cutaneous,  of  tliigh,  646 

of  muscles  of  abdomiiml  ivall,  434,  &42 

pericardiac,  695 

of  arm,  336 

perineal,  659 

of  back,  398 

of  fourth  sacral,  B.W 

of  buttock,  375 

of  sroaU  sciatic,  667 

of  face,  404 

of  foot,  389 

to  perineal  muscles,  659 

of  forearm,  353 

penpheral,  607 

of  hand,  353 

peroneal.  647,  648,  650 

of  hyoidbone,  415 

communioatinc,  650 

of  iris,  681 

longus,  651 

of  leg,  389 

of  lower  limb,  669,  670 

wtroeal,  great  deep,  687,  707 
smaU  deep,  689,  707 
superficial,  external,  687 
large,  686 

of  mastication,  410 

of  orbit,  407 

of  pectoral  region,  326 

of  pelvis,  441 

smaU,  667,  689 

of  perineum,  438 
of  pinna,  687 

pharyngFAl,  1037 

of  Meckel's  ganglion,  683 

prevertebral,  422 

of  ninth  nerve,  690 

of  thigh,  375 

of  sympathetic,  707 

of  thorai,  426 

of  vagUH,  692 

of  tongue,  415 

phrenic  617,  621,  1251 

between  trunk  and  upper  liuib,  326 

of  pinna,  746 

of  shoulder,  331 

planter,  external,  654,  1312 

of  soft  palate,  692 

internal,  654,  1312 

of  upper  limb,  626,  667,  671 

pneumogastric     See  Nerve  vagus 
popliteal,  external,  847,  648,  650,  130J,  1308 

of  leg,  650,  651,  1309 

intarnal,  647,  648,  662,  130.1 

mUBculo-«piral,  625, 632,673, 1295, 1296. 1298 

to  prevertebral  muscles.  617,  621 

myelinisBlion  of,  466,  470,  473, 537,  594 

to  psoas  muscle,  642 

mylo-hyoid,  685 

ptarygoid,  external,  663 

nasal,  680 

internal,  683 

external,  680 

|)l«rygo- palatine,  683 
pudendal,  inferior,  667 

inferior,  683 

of  infra-orbital,  682 

pudic,  658 

internal,  680 

pulmonary,  691,  709,  989 

superior,  683 

to  pyramidalis  muscle,  639 

naso-ciliaris,  680 

to  pjTiforniis,  649 

naso-palatinc,  683,  1000 

to  quadra  tus  femoris,  649,  652 

lumlwnin),  642 

obturator,  642,  643 

radial,  633,  634.1301 

accessory,  647 

to  radio-carpal  joint,  628 

to  obturator  extenius,  645,  647 

to  radiiw,  628 

intemua,  649,  652 

of  rectum,  1096 

occipital,  great,  612,  1253 
or  posterior  auricular,  687 

lo  rhomboids,  625 

sacculo-anipullaris,  769 

small,  617,  618,  622 

Hacral,  607.     S«  alfo  Plexus,  lunilwr,  E^icral 

third,  612 

anterior  primary  divisions  of.     Sfr  Plexu.-, 

to  occipito-ftontalis,  687 

sacial,  pudendal 

oculo-motor,  674,  676,  699,  701 

posterior  primary  divisions  of,  613 

(Bsophageal,  695,  710 

visceral  branchiw  of,  711,  714 

olfactory,  675,  703,  722 

sacro-coccygeal  anterior,  658 

bulb  of,  569,  687,  675,  703 

posterior,  614 

development  of,  587,  698 

saphenous,  long,  646,  1308,  1310,  1312 

origin  of,  675 

short,  663,  1312 

tract  of,  669,  587,  676 

toBcaleni,  617,  620,  621 

ophthalmic,  679,  701 

to  scalp-muflcles,  404 

optic,  47S,  675,  703 

scapular  posterior,  625 

origin  of,  552,  675 

sciatic,  great,  647,  648,  1303,  1304 

development  of,  698,  742 

small,  656,  665,  1304 

retinal  portion  of,  676.     Ste  alio  lU'liiia 

segmental,  of  head,  701 

orbital,  681,  683 

to  semicircular  canals,  689 

fmal/iilmliiii  1070,  W 

I     ollasti.771 

i^pMoiSSI 

,     temfml,oftwciile-U'Mp(ird, 

ohmaeetBi,  SS7,  m 

I      <!£p,6S3 
1      of&ial,  6S7 

i>i!!ie,m 

.i43,m 

1      of  orbital,  li24 

ior  primiiy  A'vmiii  of,  609,  Sli, 

ofnimriiiiwnillin;  681 

S 

bilmorpimsSS 

>thiof.4S3,m 

tp,]^m,7il^ 

imtofSeil                         ' 

V,  4/^14  6^^16 

vuse/e^me?l 

imb^  m,  m 

m 

•IS, 616,617,  mm, 

■>,647,m 

■!MrYdiyki(mo!,6k 

■61,608 

■ry  iliraiDiis  of,  609, 

of,  609                 I 

to  trapezi 
to  triimgiL 
trifacial.    / 


640 
lotor  root  of,  5C 
cJei  of,  S03,  S2- 
ory  root  of,  SO 
■/root  of,  SOS, 
icial  origin  of, 

err,  701 
sof.e 
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Nucleus  or  Nuclei,  of  alxlucent  nerve,  502, 624, 
537,  638 
ambiguus,  517,  518 
amygdaloid,  676,  579,  582 
arcuate,  490,  498,  528 
arcuatus  of  thalamus,  545 
of  auditory  nen'^e,  519.     See  also  Nucleus, 

cochlear,  vestibular 
of  Bechtei-ew,  520 
caudate,  574,  579 
of  cells,  8 

during  mitosis,  10,  13 

segmentation,  17 
central,  of  Luys,  545,  546 
cochlear,  519,  620,  521,  534,  538 
of  corpus  mammillare,  548,  572 
cuneate,  485,  490,  492,  493,  494,  496,  528 
of  Deiters,  620,  521 
dentatus,  610,  611 
emboliformis,  510 
facial,  602,  623 
of  fasciculus  solitarius,  518 
fastigii,  610 

glolX)8US,  610 

gloeso-pharyngeal,  488,  517,  519 

Ccile,  485,  490,  492,  493,  494,  496 
^  poglossal,  488,  516 

intercalatus,  488 

laryngeal,  617 

lateralis  of  medulla,  498 

of  lateral  fillet,  506,  621 

of  lens,  737 

lenticular,  679,  580,  682 

of  medulla  oblongata,  488,  490,  527 

motor,  516 

oculo-raotor,  637,  641 

olivary  accessory,  495,  498,  628 
inferior,  484,  490,  494,  497,  628 
superior,  602,  505,  620,  621,  524,  538 

of  optic  nerve,  662 

of  origin  of  nerves,  515,  627 

of  pons,  499,  500,  502,  504 

pontis,  499,  601,  628 

pulpoeus,  262 

j)yramidal,  490 

red,  636,  536,  546 

roof,  610,  511,  521 

salivary,  524 

spinal  accessory,  616,  517 

of  termination  of  nerves,  614,  627 

trapezoideus,  620 

trigeminal,  504,  524,  525,  528,  640 

trochlear,  637,  541 

thalamic,  544 

vagiid,  488,  617,  618 

vestibular,  488,  619,  521 
Nuel,  space  of,  767 
Nutrient  arteries.     See  Arteries 
Nutritive  pole,  11 
Nymph  SB,  1196 

01)elion,  159,  178 

01)ex,  512 

Oblique  ligament,  283 

liue,  anterior,  of  radius,  201 
external,  of  jaw,  143 
internal,  of  jaw,  144,  167 
of  tibia,  233 
vein  of  Marshall,  785,  871 
Obliouus  extenius  abdominis  muscle,  427 
inferior  muscle  of  neck,  397,  399 
of  orbit,  406 
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Obliquus  intemus  abdominis  muscle,  430 

superior  muscle  of  neck,  397,  399 
of  orbit,  406,  407 
Obliterated  hypogastric  artery,  851 
Obturator  artery,  852,  963 

canal,  293 

crest,  218 

extemus  muscle,  367,  375,  376,  399 

fascia,  438 

foramen,  214,  219 

gland,  921 

groove,  218,  219,  220 

intemus  muscle,  371,  375,  376,  399 

membrane,  294 

nerve,  642,  643,  647 

plexus,  644,  646 

tubercle,  anterior,  219 
posterior,  219 

vein,  896 
Occipital  angle  of  parietal  bone,  108 

artery.     See  Arteries 

bone,  103,  109,  162,  154,  159,  160,  183 
architecture  of,  112 
basilar  part  of,  109,  112,  113,  164,  170 
condylic  parts  of,  109,  111,  113 
connexions  of,  112 
ossification,  of,  113 
tabular  part  of,  109,  113 
variations  in,  112 

condyles.  111,  112,  166 
third,  79,  113 

crest,  external,  109 
internal,  110,  171 

fontanelle,  183 

lobe,  664,  1226 

lymphatic  glands,  909 

nerves.     See  Nerve 

plane,  109,  164 

protuberance,  external,  109,  154,  159,  166 
inU^mal,  110,  170 

sinus,  886,  964 

sulcus.     See  Sulcus 

triangle,  1253 

vein,  876,  879 
Occipito-atloid  joint,  266 
movements  at,  398 

ligaments,  266 
Occipito-axoid  ligaments,  266 
Occipito-frontal  strand,  590 
Occi pi to-fron talis  muscle,  401,  404 
Occipito-mastoid  suture,  164,  166 
Occipito-temporal  gyri,  666,  567 

sulcus,  666,  567 
Oculo-motor  nerve,  676,  699,  701 

sulcus,  633 
Oculo-nasal  sulci,  39 
Odontoblasts,  1024,  1025,  1026,  1028 
Odontoid  ligameuti^,  267 

process,  79,  93,  94 
(Esophageal  arteries,  823,  839,  942 

groove  of  liver,  1112 

opening  of  diaphragm,  425 

orifice  of  stomach,  1065 

plexus,  691,  695,  1040 
(Esophagus,  993,  1038 

abdominal  portion  of,  1040 

cervical  portion  of,  1039,  1262 

constrictions  of,  1039,  1041 

development  of,  1042 

diaphragmatic  division  of,  1040 

glands  of,  1042 
relations  of,  1039,  1040 


thoracic  part  of,  1039 

variationa  in,  1041 

veBBela  of,  1042 
Olecranon  foaea,  193 

process,  195,  198,  1396 
Ollaotory  area,  093 

bulb,  669,  587,  675,  698, 

bundle,  572 

cells,  698,  722,  723 

cleft,  1239 

ganglion,  698,  703 


gro 


:,  130,  1 


hairs,  723 

lobe,  479,  569,  G88,  596 

nerve.    See  Nerve 

BUlCUB,  562 

tract,  569,  587,  675,  698 

tubercle,  570 
Oligolecithal  ovum,  11 
Olivary  eminence,  122,  169,  484,  494 

nudeu&    See  Nucleus 
Omental  tuberwity  of  liver,  1113 

of  pancreas,  1127 
Omentum,  1049 

gastro-colic,  1049 

gaatro- hepatic,  1060,  1116 

gaatro-Bplenic,  1050,   1057,  1099,  1102,  1108, 
1212 

great,    1049,   1065,   lft57,    1067,   1083,   1099, 
1102,  1104,  1107 

small,   1050,   1066,   1067,   1067,   1099,   1102, 
1104,  1107,  1116,  1124 
Omobfoid  muscle,  411,  415,  416 
Ontogeny,  I 
Oocyte,  12 

of  first  order,  12,  15 

of  second  order,  13,  16 
0<^nia,  12,  15 
Oolemma,  11 
Oosperm,  17 

Opercitla  insulfe,  556,  561 
Ophiyon,  178 
Ophthalinic  artery,  816,  960 

nerve,  679,  701 

Opisthion,  166,  171,  178 
Opisthotic  portion  of  temporal  bone,  128 
Opponens    minimi    digiti    muscle,  347,    353, 
366 

poUicis  muscle,  345,  363,  355 
Optic  axis,  724 

chiasma,  475,  851,  595,  676,  699,  703 

commissure,  475,  651,  695,  676,  699,  703 

cup,  898,  703,  731 

disc,  731 

foramen,  124,  127,  149,  169 

groove,  123 

ve,  551,  595,  674,  676,  698,  703,  731,  741, 


muscles  of,  405,  407,  442 
veins  of,  879 
Orbital  artery,  810,811 


margin,  103,  104,  177 
nerves,  681,  683 
plate,  105, 129,  149,  161 
process  of  malar  bone,  136 

of  palate  bone,  141,  142,  149 
septum,  739 


742 

radiation,  663,  583,  691 
Blalk,  478,  698,  703,  741,  742 
thalamus.    See  Thalamus 
tract     See  Tract 
vesicle,  478,  480,  741 

Ore  serrata,  731,  735 

Orbicular  ligament,  282 

Orbicularis  ori«  muncle,  403,  405,  996 
palpebrarum  muscle,  402,  404 

OrbiculuB  ciliaris,  729 
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wings  of  sphenoid,  124 
Orbito-maxillary  frontal  suture,  130 
Orbito-oasal  centre,  136 
Orbito-Bphenoids,  127,  181 
Orbito-tarsal  ligaments,  1239 
Organ  of  Corti,  765,  766.     See  aleo  Corti 

epibrancbial,  701,  702 

of  Jacoheou,  41,  720 

of  lateral  line,  701 

of  RoeenmuUer,  1187 
Origin  of  muscles,  317 
Oro-gloesus  muscle,  1242 
Orthocephalic  skulls,  179 
OrthognatliouB  skulls.  180 
Oscalcis,  239,  243,  248,  263,  1311 

carpale,  263 

centrale,  208,  253 

cordia,  789 

coxffi,  214 

clitoridis,  1198 

flbulare,  253 

Incee,  112 

intercuneiforiiie,  247 

int«rfrontaIe,  106 

intermetatarsum,  251,  253 

Japonicum,  137 

lingute,  147 

magnum,  203,  207,  209,  253 

odontoideum,  79 

orbiculare,  756 

planum  of  ethmoid,  129,  130,  151 

penis,  1172 

pubis,  218 

radiale,  263 

subcspitulum,  209 

sust«ntaculi,  245,  249 

tibiale,  253 

trigonum,  241,  243,  249,  253 

ulnare,  253 

unguis,  138 

uteri  externum,  118B 
internum,  1188 

Vesaleanuni,  261 
Ossicula  auditus,  754 
articulations  of,  756 
development  of,  757 
ligaments  of,  767 
movements  of,  768 

epipleric,  119,  131 

of  Kerkring,  114 
Ossification,  72 

of  laryngeal  cartilages,  961 

of  special    bones.     See    under   the    several 

Osteoblasta,  78,  73 
Osteoclasts,  73 
Osteol*^,  3,  69 
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Pisiform  bone,  203,  205,  209,  253,  1299 
Pisi-metacarpal  ligament,  286,  340 
Pisi -unciform  ligament,  286,  340 
Pit»  auditory,  66,  769 

nasal,  703 

of  neck,  95 

olfactory,  38 

rectal,  1093 

of  stomach,  96,  102 
Pituitary  artery,  815 

body,  649 
development  of,  42 

fossa,  122,  171,  181 
Placenta,  52 

foetal,  55,  59 

maternal,  56,  58,  59 

separation  of,  59 
Placental  area,  24,  48,  52,  54 
Plane,  coronal,  5 

frontal,  5 

mesial,  4 

of  segmentation,  17 
Plantar  arch,  866,  943,  1312 

arteries.     See  Artery 

fascia,  378 

ligaments,  311 

nerves,  654 
Plantaris  muscle,  382,  389 
Platycnemia,  235 
Platymerte,  229 
Platyrhine  skulls,  180,  717 
Platysma  myoides,  401,  404,  442 
Pleura,  976,  977 

blood-vessels  of,  874,  983 

cervical,  977,  1255 

costal,  977,  978 

diaphragmatic,  977,  978 

lines  of  reflexion  of,  978,  979,  1258 

lymphatics  of,  983 

mediastinal,  977,  978,  1260 

paracentesis  of,  1260 

parietal,  977 

phrenico-pleural  fascia  of,  982 

relation  of,  to  oesophagus,  1040 

relation  of,  to  12th  rib,  1259,  1290 

sinus,  costo-mediastinalis  of,  988 
phrenico-costalis  of,  986 

stomata  of,  983 

structure  of,  983 

surgical  anatomy  of,  1258 

visceral,  977,  992 
Pleural  cavities,  976 

veins,  874 
Plexus  or  Plexuses,  annularis,  727 

aortic,  710,  711,  714 

of  Auerbach,  1060,  1073 

basilaris,  885 

brachial,  610,  616,  617,  622,  663,  1252 
communications  of,  623 
composition  of,  623 
infraclavicular  branches  of,  625 
inner  cord  of,  623,  625 
nerves  of  distribution,  624 
outer  cord  of,  623,  625 
position  of,  622 
Ix)sterior  cord  of,  623,  625 
primary  cords  of,  623 
secondary  cords  of,  624 
supraclavicular  branches  of,  624 
variations  in,  673 

cceliac,  712,  713 

cardiac,  deep,  693,  694,  708,  712,  793 


Plexus  or  Plexuses,  cardiac,  superficial,  693, 
707,  712,  793 
carotid,  707,  712 

external,  707,  712 
cavemosus  concharum,  722 
cavernous,  of  cervical  sympathetic,  707,  712 

of  clitoris,  715 

of  penis,  714 
cervical,  610,  616,  617,  1251 

ascending  branches  of,  617 

communications  of,  617,  620 

cutaneous  branches  of,  617 

descending  branches  of,  617 

external  branches  of,  617,  619 

internal  branches  of,  617,  619 

morphology  of,  622 

muscular  branches  of,  617,  619,  621 

posterior,  610,  612,  614 
choroid,  512,  529,  675,  678,  596,  604,  605 
coccygeal,  658 
coronary,  693,  694,  713 
diaphragmatic,  622,  713 
fundamental,  of  cornea,  727 
ffulse,  695,  1040 
htemorrhoidal,  714,  1096 

external  venous,  1096 

internal  venous,  1096 
hepatic,  713 
hyix)gastric,  712,  714 
infraorbital,  682,  688 
of  limbs,  composition  of,  663 

development  of,  662 

distribution  of  nerves  of,  663,  672 

morphology  of,  662 

significance  of,  674 

trunks  of,  663 

variations  in,  673 
lumbar,  639,  641 
lumbo-sacral,  610,  639 

communication  with  sympathetic,  639 

constitution  of,  639 

subdivisions  of,  639 

variations  in,  673 
of  Meissner,  1060,  1073 
mesenteric,  inferior,  714 

superior,  713 
obturator,  644,  646 
oesophageal,  691,  695,  1040 
ovarian,  714 
pampiniform,  894,  1162 
patellar,  647 
pelvic,  712,  714 
pharyngeal,  690,  707,  712 
post-vertebral,  venous,  887 
prostatic,  714 

venous,  1173,  1279 
prostatico-vesical,  venous,  896 
pterygoid,  venous,  880 
pudendal,  639,  655 

branches  of,  655 

morphology  of,  660 

nosition  and  constitution  of,  655 
pulmonary,  653 

anterior,  693,  694 

posterior,  691,  694,  710 
renal,  710,  713 
sacral,  639,  647 

anterior  branches  of,  648 

articular  branches,  648  649,  650 

communications  with  sympathetic,  647 

muscular  branches  of,  ^8 

))osition  and  constitution  of,  647 


aciatic,  639,  647 
solar,  710,  712 

spermatic,  714 
ipinal,  venoue,  887,  868 
aplenic,  713,  1813 
BubclaTiaD,  708,  712 
subepttbelial  of  coniea,  727 
Hubpleural,  arterial,  825 
Bubeartvrial,  644 
supraremil,  713 
STmpatlietic,  712 
thyroid,  708,  712 
tonsillar,  689,  69U,  1036 
tjmpanic,  889,  707 
uterme,  714 

venous,  896 
utero-vagiiialia,  1192,  1190 
Tagiiu>l,714 
venous,  896 
vertebral,  712,  718 
vesical,  714,  1167,  119& 
venous,  inferior,  896 
superior,  696 
Plica  ingoinalis,  1168 
lacrimalis  of  Hasner,  741 
longitudinal  is  duodeni,  1070 
semilunaris,  738 
Bynovialia  patellaris,  302 
urogeni  talis,  1204 
triangularis  of  toueil,  1036 
Plic»  fimbriatiB  of  tongue,  1005 

pftlmatte,  1188 
Pneumcsastric  nerve.    See  Nerve,  vagus 
Point,  alveolar,  178 
jugal,179 
occipital,  I7S,  178 
Biibnaaal,  178 
Sylvian,  666 
Polar  bodies,  13,  15 

field,  9 
Poles  of  cerebrum,  0&4 
ofejeball,  724 
formative,  11 
of  lens,  737 
nutritive,  11 
Polymaaly,  1208 
Polymorphic  cells,  586,  586 
Polyphjodont  dentition,  1029 
Polythelv,  1208 
PomuDi  Adami,  958,  972,  1218 
Pons  hepatis,  1111,  1114 
Varolii,  486 
acustic  area  of,  488 
central  tegmental  tract  of,  502 
corpus  trapezoides,  601,  620 
cortico-pontine  fibres  of,  501,  540,  583, 591 
development  of,  477,  480,  528 
emiuentia  teres  of,  488 
flllet-ftbrea  of,  502,  604 
fovea  superior  of,  488 
gray  matter  of,  500 
internal  structure  of,  499 
locus  cenileiiB  of,  48i3 
mesencephalic  root  of  Gftli  nerve  in,  604 
nuclei  of,  499,  502,  504,  505,  539 
origin  of  nerves  from,  486,  514 
position  and  connexions  of,  475,  486 
posterior  longitudinal  bundle  in,  502,  604 
pyramidal  tract  in,  499 
raphe  of,  602 


spinal  root  of  fifth  nerve  in,  502 
substantia  fermgines  of,  488,  604 
sulcus  basilatis  of,  486 
tegmental  part  of,  499,  601 
transverse  fibres  of,  499,  600 
veins  of,  883 
ventral  portion  of,  499 

Ponticnlus,  745 

Pontine  flexure  of  brain,  479 

Popliteal  artery,  863,  934,  943,  953,  1305 
foscia,  358, 1305 


«Ner 

space,  Buccal  anatomy  of,  1305 

surface,  227 

vein,  897,  898,  966 
Popliteus  fascia,  384 

muscle,  383,  389 

minor,  384 

Pore,  gustatory,  771 

Porta  hepatis,  1115 

Portal  canals,  1120 

fissure,  1113,  1116 

system,  783 

vein,  901,  935,  945,  1120,  1290 
Porus  opticus,  731 

sudor!  ferus,  778 
Post-anal  gut,  46 
Poet-auditory  process,  121,  122 
Post-auricular  point,  1224 
Post- branchial  bodies,  .36 
Poet-central  anastomoses,  940 

arteries,  838 

gyri,  663 

Une,  1226 
Poet-coronal  depression,  154,  160 
Poet-costal  anastomoses,  940 
Posl-glenoid  tubercle,  115,  120 
Post-neural  anastomoses,  940 
Post-pharyngeal  lymphatic  glands,  911 
Post-sphenoid  bone,  127 
Poet-transveise  anastomoses,  840 
Post-vertebral  venous  plexus,  887 
Pouch  of  Douglas,  1090,  1100,  1189,  1283,  1284 

duodenal,  1070 

ofPrussak,  758 

of  Kathke,  42 

recto-genital,  1090,  1100 

lecto-vesical,  1090,  1100,  1165,  1282 

utero-vesical,  1101,  1189 
Poupart,  ligament  of,  429,  1306 

Hue,  1047 

plane,  1047 
Pratbasi-occipital  bone,  113 
PrEecentral  sulcus,  660,  561,  564,  1226     . 
Precordial  ai«a,  1262 
Precuneus,  563 
Pr^laminar  arteries,  838 
Preoccipital  notch,  562 
Prceparietal  bone,  109 
Pneputium  cUtoridis,  1196,  1197 

penis,  1171 
Preaortic  lymphatic  glands,  922 
Preauricular  lymphatic  gland,  1238 

point,  1224 
Precentral  line,  1226 
Prechordal  portion  of  skull,  181 
Precoracoid,  264 


Pre-ititerparietAl  bones,  113 
Prelaiuiuar  anaalonioees,  940 
Prelaryuceal  lymphatic  glands,  911 
PremaiiniL',  133,  1013 
Freiuaxillary  miture,  135 
Premolar  ti«tli,  1015,  1018 
Preneural  ana»tomoe«B,  940 
Preiiatellar  bursa,  1307 
PrepoIIei,  263 
Prepuce,  1171,  1197 
Presphenoid  bone,  121,  181 
Prefltemum,  91,  94 
Pretracheal  glands,  911 
Prevertebral  arteries,  809 

faacia,  401 

muscles,  410 
Prickle-cells,  773 
Primitive  alinientarv  tanul,  Zi,  1104 

oortK,  61,  62,  925,' 926,  933,  939,  942 

cerebral  vesicles,  476,  481 

groove,  20,  66 

heart,  928 

streak,  19,21,  65 

vascular  Bystem,  60 
Primordial  bone-s,  182 
Priuceps  cervicis  arlcrv,  808 

hallucisarterv,  869' 

pollicis  arlery,  833,  952 
Prismala  adamaiitina,  1(Q3 
ProaiunioD,  23 
Proamnifitic  area,  23 
Proatlas,  113 
Process  or  Processes,  act^asory,  of  vertebriE,  83 

acromion,  186,  188,  189 

alar,  of  ethmoid,  128 

ulveu]ar,of  superior  luaxilla,  131, 133,152,177 

angular,  of  frontal  boDe,  103,  105,  148,  1224, 
1237 

articular,  of  vertebrse,  76,  7C,  79,  80,  82,  83, 
84,  86,  94 

axial,  of  neuroblast,  22.     Set  also  Axon 

basilar,  109,  160,  181 

capitular,  of  vertebra,  94 

caudal,  43 

caudatus  lietatis,  1112,  1113 

ciliary,  729 

clinoid,  anterior,  124 
middle,  123 
posterior,  122,  169,  170 

eochleariroriu,  117,  750,  752,  1232 

coracoid,  186,  189,  254,  1292 

coroRoid,    of    iuferior    maxilla,    145,    167, 
1237 

coronoid,  of  uhia,  195,  196,  1297 

e]dcondvlic,  of  humeruM,  194,  199,  1296 

ethmoidal,  of  inferior  turbinated  bone,  139 

facial,  of  parotid,  1010,  1011 

falciform,  of  sacro-sciatic  ligament,  S92 

frontal,  of  superior  maxilla,  131, 133,  136,161 
of  malar  bone,  136 

fiunto-nasal,  38 

fronto-Rphenoidal,  136 

funicular,  of  peritoneum,  1266 

L-lobular,  39,  68 

hamular,  of  sphenoid,  126,  163,  1246 
of  hchrymai,  138 

inti-'niuixiilarv,  41 


malar,  of  superior  maxilla,  133 
marginalis,  of  makr  bone,  136 
mammillary,  of  vertebra,  63,  92 
mastoid,  116,  121,  122,  167,  177,  762,  1234 
maxillary,  of  inferior  turbinated  lione,  139 

of  palate  bone,  142 

of  mandibular  arch,  36,  38,  39,  41,  66,  67 
muscular,  of  arytenoid,  960, 97 1 

of  verlebne,  76,  76 
nasal,  of  frontal  bone,  104,  173 

lateral,  39 

of  superior  maxilla,  133,  173 
odontoid,  79,  93,  94 
olecranon,  196,  198,  1296 
orbital,  of  malar,  136 

of  palate,  141,  142,  149 
palaUl,  131,  134,  162,  173 
paramasloid,  113 
paroccipital,  79,  113 
petrosal,  124 
phalangeal,  of  lamiua  n.-iicHlari«,  767 

of  rods  of  Corti,  767 
po«t-auditory,  121,  122 
pterygoid,  126,  163 
pterygoepiuoufl,  126 
pyramidal  of  jtalate,  142,  156,  163 
reticularis,  457 

sphenoidal,  of  ])alate  bone,  141,  142,  173 
spinous,  of  vertebra,  76,  77, 79, 80, 82,  83,  84, 

87,88,  94,  1263,  1284 
styloid,  of  fibula,  236 

of  radius,  201,202,  1298 

of  temporal  bone,  37.   116,  117,  121,   156, 
167,  166,  167 

of  third  metacarpal,  211,  212 

of  ulna,  197,  1298 
temporal,  of  malar  bone,  136 
of  Tomes,  1028 
transverse,  of  vertebrie,  76,  77,  78,  79,  80,  81, 

82,  83,  86,  87,  88,  94,  167,  1251 
troclilearis,  244 
turbinalad,  of  ethmoid,  129,  152,   173,   17G. 

1239 
tubarius  of  jiterygoid  process,  754 
tubercular,  of  vertebra,  94 
unciform,  of  unciform  Ixine,  £06 
uncinate,  of  ethmoid,  130 
uncinatus  of  pancreas,  1126,  1128 
vaginal,  of  temporal  bone,  116,  156,  157,  165 

of  peritoneum,  1167,  1190,  1266 

of  sphenoid,  126,  163 
vemiiTorm.     See  Vermiform  a)>pendix 
vocalis,  of  arj-tenoid,  961,  971 
xiphoid,  94,  96 
zygomatic,  of  frontal  bone,  105 

of  temporal  bone,  114,  1 15,  155,  162 

of  BUiierior  maxilla,  131,  133 

of  malar  bone,  136 
Proctodteum,  45,  68,  1105 
Profunda  arterj-  of  jxiBterior  ulnar  cari)al,  835 
brachii  inferior  artery,  631 


»UJ«1 


',831 


intrajugulari!,  112 
jugular,  of  oi-cipital 
luclirymal,  of  iiiferio 


Sfe  Artery,  cen'ical 
I       cliloridis  arterv,  864 

fenioris  artery,' 860,  953 
I       penis  orterv,  864,  1173 

Prognathous  skulls,  180 
I   Projection  flbresofcerebrum,5S8,  591 
,   Prominentia  canalis  facialis,  7A2 
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Prominentia  spiralis,  766 

Btyloidcsa,  750 
Promontory  of  cochlea,  1232 

of  sacrum,  85,  222,  1290 

of  tympanic  cavity,  762 
Pronation,  movement  of,  283,  364 
Pronator  quadra tiis  muscle,  344,  353,  364 

radii  tei-es  muscle,  339,  353,  354 
Pronephros,  1201 
Pronucleus,  female,  13,  16 

male,  16 
Pro-otic  part  of  temporal  bone,  121 
Prophase,  10,  13 
Prosencephalon,  476,  478,  481 
Prostate,  1159,  1173,  1278 

apex  of,  1174,  1278 

base  of,  1173,  1278 

capsule  of,  1174 

development  of,  1205 

ducts  of,  1175 

elands  of,  1175,  1179 

lateral  lobes  of,  1174 

middle  lobe  of,  1174 

nerves  of,  1176 

structure  of,  1175 

surgical  anatomy,  1278 

vessels  of,  1176 
Prostatectomy,  1279 
Prostatic  plexus,  714,  1173,  1279 

urethra,  1177,  1203 

utricle,  1178,  1199,  1205 
Prostatico-vesical  venous  x>lexiu4,  896 
Protoplasm,  8 

Protoplasmic  process  of  Deiters.     See  Dendrite 
Protovertebral  somites,  26,  30,  31,  66 
Protuberance,  mental,  143 

occipital  external,  109,  154,  159,  166 
internal,  110,  170 
Prussak,  pouch  of,  758 
Psalterium,  672,  589 
Psoas  magnus,  362,  376,  398,  399 

parvus,  363,  375,  398,  399 
Pterion,  119,  154,  167,  178,  1224 
Pterotic  part  of  temporal  bone,  121 
Pterygoid  artery,  812 

fossa,  126,  163 

muscle,  external,  408,  410 
internal,  410 

nerves,  683 

notch,  126 

plate,  external,  126,  156,  163 
internal,  126,  127,  163,  173 

plexus,  venous,  880 

process,  126,  163 

ridge,  125,  155 

tubei-cle,  126,  163 

vein,  880 
Pterygo-maxillary  fissure,  156,  158 
Pterygo-palatine  artery,  812 

canal,  126,  143,  159,  163 

nerve,  683 

sulcus,  126,  143 

vein,  880 
Pterygo-spinous  ligament,  269,  401 

process,  126 
Pubic  arch,  222 

artery,  852,  857 

crest,  218,  223,  1306 

ligaments,  292 

lymphatic  glands,  916 

portion  of  fcscia  lata,  356 

region,  1047 


Pubic  spine,  218,  223,  1306 

vein,  900 
Pubis,  214,  218,  221,  254 
Pubo-capsular  ligament,  295 
Pubo-cavemosus  muscle,  437 
Pubo-coccygeus  muscle,  441,  1095 
Pubo-femoral  ligament,  295,  296 
Pubo-prostatic  ligaments,  439,  1 156 
Pubo-i-ectalis  muscle,  441 
Pudendal  plexus,  639,  656 

nerve,  inferior,  657 
Pudendum,  1195 
Pudic  artery.     See  Artery 

nerve,  658 

veins,  896,  901 
Pulmonary  artery,  795,  930,  933,  942,  989,  991, 
1264 

nerves,  709,  989 

orifice,  789,  790,  1262 

plexus,  691,  693,  694 

valve,  790 

vascular  system,  783,  870 

veins,  870,  938,  946,  989,  992 
Pulp  cavity,  1016,  1027 

oi  spleen,  1213 

of  tooth,  1016,  1026,  1027 
Pulvinar,  531,  544,  662 
Puncta  lacrimalia,  740,  1238 
Pupil,  730 

dilator  of,  731 

sphincter  of,  731 
Pupillary  border,  730 

membrane,  730,  742 
Purkinjd,  cells  of,  612,  514 

fibres,  791 
Purple,  visual,  732 
Putamen,  680 
Pyloric  antrum,  1051,  1062,  1056 

artery,  845,  942,  1060 

canal,  1062,  1066 

ligaments,  1068 

portion  of  stomach,  1060,  1061,  1062,  1056 

sphincter,  1056,  1058 

valve,  1056 

vein,  903,  945,  1060 
Pylorus,  993,  1061,  1056,  1270,  1288,  1290 
Pyramid  of  cerebellum,  507,  608 

of  kidney,  1138 

of  medulla  oblongata,  483,  628 
decussation  of,  482,  483,  490 
tract  of.     See  Tract 

of  tympanic  cavity,  749 

of  vestibule,  769 
Pyramidal  bone,  205 

cells,  586 

lobe  of  thyroid,  1216,  1217 

nucleus,  490 

process  of  palate  bone,  142,  166, 163 

tract     See  Tract 
Pyramidalis  abdominis  muscle,  431 

nasi  muscle,  403,  404 
Pyrenin,  9 
Pyriformis  fascia,  438 

muscle,  371,  375,  376,  399 

Quadrangular  lobule,  507 
Quadrate  lobe  of  liver,  1113 

lobule,  663 
Quadratus  femoris  muscle,  372,  376,  376 

lumborum  muscle,  434 
Qiiadricei)s  extensor  femoris  muscle,  359,  376, 
376 


bacillary  layer  of,  732,  734 
biiiolar  cclU  of,  732,  733 
blind  spot  of,  732 
blood-TeBBek)  of,  73fi 
cone-granules  of,  733 
cones  of,  73^  743 
(luviilopmeut  of,  699,  742 
fovea  ceutralis  of,  731,  734 
ganglionic  layer  of,  732 

f;iamil<i  layer  of,  732,  733 
lorizontal  cells  of,  732 
luaciila  liitea  of,  731,  734 
nienibranie  limitaiiteB  of,  734 
molecular  layer  of,  732,  733 
morpholtgy  of,  703 
nervous  lamina  of,  731 
nuclear  layer  of,  732,  733 
optic  cup  of,  731 

disc  of,  731 
ora  eetrata  of,  731,  73n 
pats  ciliaris  of,  729,  731,  735,  74i 
iridicee  of,  730.  731,  735,  742 
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physiological,  731 

relation  of  optic  fibres  to,  552 

rod-granules  of,  733 

roda  of,  734,  743 

Hpoiigioblaats  of,  732,  742 

stratum  opticutn  of,  732 
pigmenti  of,  731,  732,  734 

structure  of,  732 

suatantacular  fibres  of,  732,  734 

visual  purple  of,  732,  734 
R«tiuacula,  295 

cutis,  772 
Retinal  layer  of  optic  vesicle,  742 
Ristraliens  aurem  muscle,  402,  404 
HetroctBcal  fossa,  1081 
Ketrocolic  foasie,  1081 


apace  of,  1278 

stnae  of,  1024 
RbinencephaloQ,  668,  584,  698 
Rbodopeiu,  732,  734 
Rhombencephalon,  476,  481,  526 
Rhombic  lip,  527 
Rhomboid  impression,  185 

ligament,  274,  275 
Rhoniboidal  ainua,  22 
Rhumboideus  major  miiHcle,  321,  3: 

minor  miiflcle,  320,  326 
Ribe,  97,  1255 

architticture  of,  100 

bicipital,  100 

cartilagea  of,  101,  271 

cervical,  80,  92,  94,  100 

eleventh,  100 

fulfO,  97 

floating,  97 

lumbar,  92,  94,  100 

niovementa  of,  272,  426 

iMsificatiou  of,  101 

second,  100 

tunth,  100 

true,  97 

twelfth,  100,  1159,  1285,  1290 

variations  in,  100 

vertebral,  »7 


RidgF,  basal,  of  tooth,  1017 
epicondylic,  192 
^nital,  1204 
mt^roaseoua,  of  fibula,  236 

of  tibia,  233 
intertrochanteric,  225 
mylohyoid,  144 
olilique,  of  clavicle,  185 
pectoral,  191 
pterygoid,  125,  165 
superciliary,  104,  148,  177,  1237 
supraorbital,  104 
temporal,  104,  160 
trapezoid,  185 
Wolffian,  46,  66,  662 
Riedel's  lobe  of  liver,  1117 
Rima  glottidis,  966,  971,  1249 
oris,  996 

palpebrarum,  738 
pudendi,  1196 
Ring,  abdominal,  external,  430,  433,  1266 
intema!,  432,  1265 
crural,  359,  430 
tympanic,  121,  748 
Riolau,  muscle  of,  739 
Risorius  muscle,  404,  406 
Riviuue,  duets  of,  1013 
j       notch  of,  760,  1232 

Roda  of  Corti,  766 
I  head-plate  of,  766 

'  phalangeal  processes,  767 

I       retinal,  734,  743 
Rod-bipolatB  of  retina,  732 
Rod-granules  of  retina,  733 
I  Rolandic  angle,  566 
I   Rolando,  fissure  of     Stt  Fissure 
I       funiculus  of,  485,  491 
I       substantia  gelatinoea  of,  456, 461, 466, 485, 502 

tubercle  of,  486,  491 
I  Roof-nucleiw,  510,  511,521 
I   Rootofiung,  989,  1260,  1280 
'   Root-membraue  of  teeth,  1016,  1026 
I   Roots  of  aortic  arches,  928,  932 
I   RootH  of  nerves.     See  Nerve-roole 
Rosenmiiller,  fossce  of,  754,  1033,  1034,  1246 

organ  of,  1 187 
Rosenthal,  canalis  spiralis  of,  761 
Rostrum  of  corpus  calloeum,  671 

of  sphenoid  boue,  124 
Rotation,  movement  of,  269 
Rotator  humeri  muscle,  332 
Rotatores  dorsi  muscles,  397,  398 
!   Round  ligament  of  liver,  9(0,  935,  1116 
j  of  uterus,  1190,  1284 

!  Rubro-spinal  tract,  637 
I  Rufliui,  endings  of,  775 
I  RugK  of  hard  )ialate,  998,  999 

of  scrotum,  1170 
I  of  stomach,  1059 
:       of  vagina,  1195 

Running,  movements  of,  390 
!   Ruyach,  membrane  of,  728 

[  Sac,  lachrymal,  740,  741,  743,  1239 

I  development  of,  40 

1  omental.     Set  Peritoneum 

tooth,  1027,  1028 

'  Saccule,  759,  762,  763 

I  development  of,  769 

I  ductus  eiidolymphaticus  of,  763,  769 


Spheno-mBxillar;   figure,   125,   131,  136,   149, 
161,  165,  168,  160,  164 

fossa,  1&8 
Spheno-paktine  artery,  813 

foramen,  142,  1G9,  173 


Spheno-parietBl  BinuB,  886,  9M 

suture,  163 
8pheTio-petrDus  fissure,  164,  165 
Spheno-sqiianiouB  siituru,  157,  160 
Spheno -vomerine  canal,  140 
Spheno-iygomatic  aiitupe,  151 
Sphere,  attraction,  9,  10,  II 
Sphinctflr  ani  eiternua,  435,  438,  441,  1096 
internus,  1U93,  1095 

pupilla,  731 

pyloric,  1056,  1058 

recti,  1096 

Tagince,  436 

vesics,  1157 
Spigelian  lobe  of  liver,  1112 
Spina  angularia  of  apheuoid,  124,  156 

bifida,  90 


helicii 
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trocblearis  of  frontal  bone,  106,  149 
tympanica,  748 
Spinal  accessory  nerre.     See  Nerves 
arteries,  818,  819,  838,  850,  893 
canal,  76,  86,  87 

column,  74.     See  alto  Vertebral  column 
conl,  443,  45S 
anterior  root-zone  of,  609 
basis  bundle  of,  anterior,  470,  473 

lateral,  468,  470,  473 
Cauda  equina  of,  454,  609 
cell -columns,  461 

intermedio-lateral,  461,  463 
posterior,  461,  463 
ventral,  461 
central  canal  of,  456,  459,  460,  473,  484 
cervical   enlai^ment   of,  454,  467,   1290, 

1298 
Clarke's  vesicular   column  of,  464,  466, 

469 
columns  of,  an tero -lateral,  455 
anterior,  466,  459,  470,  473,  483 
of  Burdacli  of,  465,  466,  473,  484,  491 
of  QoU  of,  456,  466,  473,  484,  491 

f;ray.     See  Comua,  Cell-columiis 
ateral,  465,  469,  468,  473,  484 
of  nerve-cells  of,  461,  462 
posterior,  455,  459,  466,  468,  473,  484 
white,  455,  459 
commisenre  of,  anterior  white,  456,  470, 
473 
gray,  456 
anterior,  466 
posterior,  456,  457,  471 
conus  mediillaris  of,  452,  458,  459 
comua  of,  456 

anterior,  456,  457,  460,  461,  469,  490, 

615 
Uteral,  466,  467,  460,  461 
posterior,  466,  457,  460,  461,  468,  481, 
492,499 
development  of,  471 
donal  nucleus  of,  464 


fasciculus  Bolitariua  in,  518 
filum  terminate  of,  452,  459 
fissures  of,  464 
ante ro- median,  455,  460,  473 
pos tero- median,  455,  460,  473 
formatio  reticularis  of,  457,  460 
funiculus  cuneatus  of,  455,  466,  473 

gracilis  of,  456,  466,  473 
gray  matter  of,  466,  467,  460,  461 
internal  structure  of,  456 
intereegmenl«l  association  fibres  of,468,470 
length  of,  452 

ligamenta  denticulata  of,  453,  602 
longitudinal  commissural  fibn^s  of,  466, 470 
lower  limit  of,  in  child,  1290 
lumbar  enlargement  of,  464,  467,  1290 
marginal  tract  of  Liiweuthal  of,  621 
membranes  of,  453,  697,  599,  601,  606 
nerve-callsof,  445,461 
nerve-fibres  of,  444,  465,  466,  468 
neuroglia  of,  461,  465 
origin  of  nerves  from,  443,  453,  455,  515, 

516,608 
posterior  paramedian  sulcus  of,  455,  460 
poetero-lateral  sulcus  of,  466 
regional  differences  in,  467,  460 
regions  of,  454 
relation  to  vertebrae,  452 
segments  of,  454 
sensory  and  motor  distribution  of  varioui 

segments  of,  1291 
septa  of,  453,  456,  459,  460,  465,  473 
suUlantia  gelatinosa  of,  456, 467, 461,  466 

526 
sulci  of,  454 

surgical  anatomy  of,  1290 
theua  of,  453 
tracts  of,  465 
of  Burdach,  466,  473.     See  alto  »apra, 

Colunm  of  Burdach 
comma,  466 

desceiidine  septo-mai^nal,  466 
direct  cerel«llar,  464,  468,  473 
of  Ooll,  466, 473.     See  alto  tnpra.  Column 

of  GoU 
of  Cowers,  468,  473 
of  Lissauer,  468 

pyramidal  crossed,  468,  469,  473 
direct,  470,  473 
trigeminal  root- fibres  in,  526 
veins  of,  888 

white  matter  of,  459,  460,  465 
foramen,  75,  76,  77,  80,  82 
ganglia,  443,  608,  661 
nerves.     See  Nerves 
venous  plexus,  anterior,  887 
poaterior,  887 
Spinalis  dorsi  muscle,  395 
Spindle,  achromatic,  10,  13 
Spine.     See  Vertebral  column 
alar,  of  aphenoid  bone,  124,  156,  157,  160, 

167 
ethmoidal,  123 
^nial,  144 

iliac  anterior  inferior,  214 
anperior,  214,  223 
posterior  inferior,  215,  223 
superior,  214,  223,  1302,  1305 
ischial,  217,  222,  1303 
mental,  144 
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Stomach,  surgical  anatomy  of,  1271,  1286 

uncovered  area  of,  1067 

veins  of,  1060 
Stomach -bed,  1053 
Stomach -chamber,  1053 
Stomata  of  capillaries,  780 
Stomatodseum,  34,  38,  66,  1105 
Straight  sinus,  885 
Strand -cells,  465 
Stratum  bacillaris  retinae,  732,  734 

cinereum,  534 

compactum,  57,  58 

comeum,  773 

disjunction,  774 

filamentosum,  774 

germinativum,  773 

^iseum  centrale,  533 

mterolivarv,  496 

lemnisci,  534 

lucidum,  774 

mucosum,  773,  774 

opticum,  534,  732 

pigmenti  retinae,  731,  732,  734 

spongiosum,  57,  68 

zonale,  534,  544,  552,  585 
Streak,  primitive,  19,  21,  65 
Stria  medullaris,  544,  648 

of  Qennari,  685 

vascularis,  765 
Striae  acusticae,  488,  497,  521 

longitudinales,  569,  571,  573 

of  Ketzius,  1024 
Striata  arteries,  817 

veins,  882 
Strij)e  of  Henseii,  767 
Stylo-auricularis  muscle,  746 
Styloid  process  of  fibula,  236 
of  radius,  201,  202,  1298 
of  temporal  bone,  116,  117,  121,  156,  157, 
165,  167 
development  of,  37 

process  of  metacarpal  bone,  211,  212 
of  ulna,  197,  1298 
Stylo-glossus  muscle,  414,  415,  416 
Stylo-hyals,  37,  121,  148 
Stylo-hyoid  ligament,  37,  148,  269 

muscle,  413,  416,  416,  442 
Stylo-mandibular  ligament,  269,  401,  1010 
Stylo-mastoid  artery,  808 

foramen,  118,  120,  165,  167 
Stylo-pharyngeus  miLscle,  417,  419,  442 
Subacromial  bursa,  278 
Subanconeus  muscle,  336 
Subarachnoid  fluid,  601,  603 

space.     See  Space 
Subarcuate  fossa,  119,  122 
Subcallosal  g>Tus,  571,  573,  597 
Subclavian  artery.     See  Artery 

Cve,  100 
.,  708 

lymphatic  trunk,  908 

plexus,  708 

vein,  877,  936,  938,  944,  946,  955.  1252 
Subclavius  muscle,  324,  326 
Subcoracoid  centre,  189,  254 
Subcostal  angle,  102 

artery,  838 

groove,  99,  100 

line,  104 

muscles,  422,  426 

plane,  1047 
SuDcrureus  muscle,  362 

92 


Subdeltoid  bursa,  278 
Subdural  space,  597,  600,  1291 
Sublingual  artery,  805 

gland,  805,  1012,  1244 
development  of,  1013 

region,  997 
Submalleolar  apophysis,  245 
Submaxillary  artery,  806 

ganglion,  685,  687,  707 

gland,  995, 1011,  1249 
development  of,  1013 
duct  of,  997,  1012 

lymphatic  glands,  911,  1250 
Submental  artery,  806 

triangle,  1218 
Subnasal  point,  178 
Suboccipital  nerve,  611,  614 

triangle,  397 
Subpleural  plexus,  825 
Subpubic  ligament,  292 
Subscapular  artery,  825,  829 

bursa,  278 

fossa,  189 

lymphatic  glands,  914 

nerve.     See  Nerve 
Subscapularis  muscle,  330,  331 

minor,  331 
Substantia  adamantina,  1023 

eburnea,  1024 

ferruginea,  488,  604 

gelatinosa,  456,  461,  468,  485,  490,  491,  502, 
525,  528 

niffra,  533,  546,  581 
Subthalamic  tegmental  region,  642,  646 
Suctorial  j)ad,  399,  404,  997 
Sulcus  or  Sulci.     See  also  Groove 

alar,  717 

alveolo-glossal,  1244 

antihelicis  transvei-sus,  745 

auris  anterior,  744 

basilar,  of  pons,  486 

calcanei,  243 

callosal,  568 

caroticus  of  sphenoid,  123 

centralis  cerebri,  658 
insulee,  668 

of  cerebellum,  606,  529 

cerebral,  554 
development  of,  596 

circularis  Reilii,  666,  567 

of  cord,  454,  456,  460 

coronarius,  783 

costal  is,  99 

cruris  helicis,  745 

diagonalis,  560,  661 

ethmoidalis,  137 

fimbrio-dentate,  669 

frontal,  105 

of  frontal  lobe,  660,  1225 

fronto-marginalis,  660,  661 

horizontalis  of  cerebellum,  506^ 

intraparietalis,  663 

lachrymalis,  132,  138,  161 

lateral,  of  skull,  108 

lateralis  mesencephali,  633 

limiting,  of  Reil,  666 

longituainalis,  of  heart,  784 

lunatus  occipitalis,  667 

malleolaris,  234,  238,  748 

of  Monro,  551,  594 

occipitalis  lateralis,  564,  566 
transversus,  663,  564,  566 


oculo-nnsal,  39 

olfactory,  662 

orbital,  562 

paratlel,  56T,  1224,  1225 

parauedialis,  560,  561 

of  paritial  lobe,  563 

peronipi,  247 

post-ceiitral,  563,  564,  1226 

post-linibie,  663 

precentra],  560,  561,  504,  1226 

primariui',  630 

pt«ry  go-palatine,  126,  143 

roetrales,  561 

eagittalis,  108,  110 

sclei*,  724 

apiralis  ext«miis  cochlea',  765 
intern  tiB  cochleie,  765 

Bubclavius  of  lung,  985,  987 

tali,  240 

tempoml,  667 

terniinalia  of  heart,  786,  787,  932 
of  tongue,  1000,  1014 

transversiu  of  occipital  bone,  110 

tubie  auditivK,  124,  164,  165,  753 

tympanicuB,  748,  750 

valleciilse,  506,  507 
Superciliary  ridge,  104, 148,  177,  1237 
Superficial  volar  artery,  832 
Supination,  movement  of,  283,  354 
Supinator  radii  brevis  muscle,  351,  364 
Supracallosal  gyrus,  569,  571 
Supraclavicular  nervea,  624 
Supralivoid  artery,  806 

lyniptiatic  glands,  911,  1218 

muscles,  412,  415 
Supra  mandibular  nerve,  686 
Supramarginal  gyrus,  563,  564,  1224 

triangle,  1225 
Supramastoid  crest,  114,  154 
Suprameatal  spine,  1230,  1233 

triangle,  166 
Supranasal  bone,  106 
Supraoccipital  bone,  113,  181 


notcb,  104,  148,  1224 
ridge,  104 
vein,  879 
Suprarenal  artery,  842,  942 
capsule,  1213,  1286,  1290 

development  of,  715,  1216 

in  fostuB,  1215 

nerves  of,  1215 

structure  of,  1215 

vessels  of,  1216 
impresaion  of  liver,  1111 
plexus,  713 

vein,  893,  938,  944,  945,  955 
Suprascapular  artery,  825 
ligament,  275 

notch,  186,  188 

region,  1284 

vein,  879 
Suprascleral  lymphatic  Njiace,  725 
Supnispinatua  muscle,  329,  331 
Supraspinous  artery,  825 

fosM,  187 


I       notch,  96 
I        region,  1253 

'   Supratonsillar  fossa,  1034,  1036,  1036,  1038 
Supratrochlear  foramen,  194 
lymphaiic  glands,  914 
nerve,  679 
Sural  arteries,  863,  864 
nerve,  650,  657 
I   Surface  and  surgical  anatomy,  1222 

of  abdomen,  1264 
I       of  abdominal  wall,  1264 
;       of  abdominal  cavity,  1267 
of  ankle,  1310 
of  arm,  1296 
ufaxilla,  1293 
of  back,  1284 
of  buttock,  1302 
of  craniuin,  1222 
of  ear,  1229 
of  elbow,  1296 
of  face,  1236 
of  female  pelvis,  1282 
of  foot,  1310 
I       of  forearm,  1298 
of  head,  1222 
of  heart,  1262 
I       of  band,  1296 
of  knee,  1307 
of  leg,  1308 
of  lunge,  1266 
of  necli.  1246 
of  perineum,  1277 
of  popliteal  space,  1306 
of  shoulder,  1291 
of  thigh,  1303,  1305 
of  thorax,  1253 
Surgical  neck  of  hmuerus,  191 
Suspensory  ligament  of  clitoris,  1197 
of  lena,  736 
of  ovary,  1183 
of  penis,  1172 
muscle  of  duodenum,  1070 
Sufiteutacular  cells,  13 
Sustentaculum  lienis,  1083 
tali,  244,  245,  248,  13]] 
Sutura  dentata,  256 
harmonia,  256 
limbcea,  256 
notba,  266 
serrata,  256 
Bpheno-zygomatica,  151 
squamosa,  256 
vera,  266 

zygomatico-maxiltaris,  149,  163,  156 
zygomatico-fron  talis,  149 
Sntural  bones,  131 
Suture,  255,  266,  260 

coronal,  108,  163,  160,  177 

frontal,  148 

fronto-malar,  149,  1224 

fron  to- maxillary,  148,  149 

fronlo-squamoeal,  119,  131 

intermaxillary,  133,  152 

intemasal,  138 

lambdoid,    108,   111,   164,   169,    160,    1223. 

1225 
malo-maxillary,  149 
metopic,  106 
naso-frontal,  148 
occipito-maetoid,  154,  166 


temporary,  1014,  1022,  1027 
tubercles  of,  1015 
variationa,  1022 
wisdom,  1016,  1019 
Tegmen  tvmpani,  118,  170,  749,  752,  1232 
Tt^meuul  region,  subthalamic,  642,  G46 
TeBmentum,  532,  535,  542,  546,  550 
Tela  choroidea,  604 

subseroea,  1045 
Telencephalon,  478,  481,  553,  594 
Telolecithal  ova,  II 
Tclopbaae,  10 
Temporal  area,  125 
artery.     See  Artery 
bone,  103,  114,  152,  155,  162 
architecture  of,  119 
coQiiesions  of,  119 

masl^id  antrum  of,  762.    See  al$o  Antrum 
oesificatioD  of,  120 
petromaatoid  part  of,  114,  116,  120,  162, 

169,  no 

Bquamoua  part  of,  114,  120,  121,  161,  162, 
169 

tympanic  part  of,  U4,  116,  120,  162 

variationa  in,  120 
canal,  137,  156 

creat,  104,  107,  154,  1224,  1237 
faEcia,  400 
fossa,  107,  155 
gyri.     See  Gyrus 
line,  104,  107,  148,  154,  156 
lobe,  567,  688,  1226 
muscle,  408,  410 
nerve.     Ste  Nerve 
plane,  107 


Temporo-maiillory  arch,  137 

joint,  267,  1230 

vein,  876,  880,  944,  954 
Temporo-pontine  tract,  540,  583,  591 
Tendo  AchiUiB,  382,  1310 
Tendon,  conjoint,  430,  431,  1266 
Tenon,  capsule  of,  405,  724 
Tensor  fascia;  fcmuris  musde,  369,  375,  376, 
399,  1303,  1306 
lata:  muscle,  369,  376,  376,  399,  1303,  1306 

palati  muscle,  419,  754,  1246 

tarsi  muscle,  403,  405,  791 

tympani  muscle,  757,  1232 
Tentorium  cerebelli,  475,  599,  1225 
Terea  major  muscle,  330,  331 

minor  muscle,  329,  331 
Testicular  artery,  843 
Testes,  1169 

coni  vaaculosi  of,  1162,  1204 

descent  of,  1167 

development  of,  1204 

digital  fossa  of,  1160 

epididymis  of,  1 160 

Kubemaculum  of,  1168 

hydatids  of,  1160,  1199,  1205 

lobes  of,  1161 

mediastinum  of,  1161 

meeente^  of,  1167 

nerves  of,  1162 

paradidymis  of,  116U,  1199 

processus  vaginalis  of,  1167 


I      septula  of,  1161 
atructura  of,  1161 
tubuli  recti  of,  1161,  1204 
I       tunica  albuginea  of,  1161,  1204 
vaginalis  of,  1160,  1167 
vasculosa  of.  1161 
undescended,  1168 
I       VBS  deferens  of,  1169,  1162,  1199,  12 
vasa  efiferentia  of,  1162,  1204 
vessek  of,  1162 
I  Thalamencephalon,  478,  48] 
Thalamic  radiation,  543,  646 
Thalamo-cortical  fibres,  591,  693 
I   Thalamo-striate  fibres,  681,  683 
I  Thalamus,  optic,  642 
I  anterior  nucleus,  046 

tubercle  of,  544 


n  of,  with  basal  ganglia, 
cerebral  cortex,  543,  646,  592 
hippocampus,  572 
optic  tract,  645,  552 
development  of,  476,  480,  694 
external  geniculate  body  of,  544. 

Corpora  geniculata 
eitemal  medullary  lamina  of,  5-i; 
fillet  fibres  of,  639 
^y  matter  of,  644 
int«rual  medullary  lamina  of,  54'i 
intimate  structure  of,  544     * 
lateral  nucleus  of,  646 
mesial  nucleus  of,  545 
nucleus  srcuatus  of,  545 
position  and  conneiiona  of,  476, 

675 
pulvinar  of,  S31,  644,  652 
radiation  of,  643,  645 
stratum  zonale  of,  644,  546,  552 
stria  mediillaria  of,  544,  548 
Buriaos  of,  543,  544,  650 
teenla  of,  544,  647,  694 
Thebesius,  valve  of,  787,  788,  871,  93:^ 
Thecaofcord,  453 

foUiculi,  US5 
Thigh  bone,  224 
Thira  ventricle.     See  Ventricle 
Thoracic  arteries,  828,  829 
aorta,  797,  798 

duct,  904,  906,  956,  1040,  1262,  l:iM' 
ganglia,  706,  708,  712 
nerves.     See  Nerves 
vertebra,  76,  80 
Thorax,  101 
aortic  area  of,  1262 
apertures  of,  102 
cavity  of,  976 
in  fcetus,  103 
jointa  of,  269 
lines  of,  1253 
lymphatics  of,  923 
mediastinum  of,  976 
mitral  area  of,  1262 
muscles  of,  422,  426 
prKCoidial  area  of,  1262 
pulmonary  area  of,  1262 
regions  of,  1263 
sexual  differences  in,  103 
eternal  ftirrow  of,  1253 
surgical  anat«my  of,  1253 


female,  1157,  1282 

foeaa  navicularis  of,  1180 

cUndBof,  1158,  1177,  1180 

inUmal  orifice  of,  1145,  1146 

lacuna  of,  1168,  1180 

male,  1177,  1278 

membranous,  1177,  1179,  1203,  1278 

proatotic,  1177,  1178,  1203 

septum  of,  1206 

spongy  portion  of,  1177,  1179,  1203 

Btnicture  of,  1158,  1180 

surgical  anatomy  of,  1278 
Urinary  organs,  1130 
UrogBDital  canal,  1200 

deft,  1195,  1200,  1207 

fissure,  1200 

organs,  development  of,  1196 

space,  1200 

eyst«m,  1130 

triangle  of  perineum,  1277 
Uterine  arl«ry,  843,  852,  1192,  1284 

decidua,  53,  54,  56,  57 

plexiiR,  714 

veins.  896 
B  plei 


pouch,  1101,  1189 
Uterus,  1182,  1187 
ante  flexed,  1190 
anteverted,  1190 
arbor  vitie  of,  1188,  1191 
broad  ligaments  of,  1101,  1189,  1284 


n  of,  1192 


IS  of,  1189 
development  of,  1199,  1205 

at  different  ages,  1191 
external  OS  of,  1188 
fundus  of,  1187,  1284 

S lands  of,  1191 
oms  of,  1192 

internal  OB  of,  1188 

masculinuB,  1179 

in  menstruation,  119S 

nerves  of,  1192 

periodic  changes  in,  1192 

peritoneal  relatione  of,  1189 

position  of,  1190 

pregnant,  63,  68,  1192 

relations  of,  1190 

retroverted,  1191 

round  ligament  of,  1190,  1284 

septum  of,  1192 

structure  of,  1191 

Burgical  anatomy  of,  1284 

variations  in,  1192 

vessels  of,  1192 
Utricle,  769,  762 

macula  acustica  of,  762 

recessus  of,  762 

sinus  superior  of,  763 
Utriculus  prostaticuB,  1164,  1179,  US 
Uvula  of  centWllum,  507,  508 

of  palate,  999 

vesicie,  1151 


columns  of,  1195 

development  of,  1199,  1200,  1200 

digital  exploration  of,  1283 

fornix  of,  1193,  1283 

hymen  of,  1193,  1196,  1205 

introitua  of,  1283 

mucous  membrane  of,  1195 

muscular  coat  of,  1195 

nerves  of,  1195 

orifice  of,  1196 

relations  of,  1193 

nigte  of,  1196 

septum  of,  1196 

structure  of,  1195 

variations  in,  1196 

vessels  of,  1195 

vestibule  of,  1196 
Va^n&l  artery,  851,  1195 

Iwaments,  378 

plexus,  714 

processof  temporal  bone,  116,  166, 167,  166 
of  sphenoid  bone,  126,  163 

veins,  896 

venous  plexusee,  896 
Vagus  nerve.     See  Nerve 
Vallecula  of  cerebellum,  506 

of  larynx,  963 

Sylvii,  555 

of  tongue,  1002 
Vallum  of  circum vallate  papillee,  1004 

unguis,  775 
Valve  or  Valves,  anal,  1093,  1095 

aortic,  791,  932 

of  Bemud,  741 

Eustochian,  787,  788,  892,  932 

of  Haaner,  741 

of  Houston,  1093 

ileo-CMcal,  993.  1076,  1077,  1273 

of  Kohliausch,  1093 

of  Krause,  741 

of  lymphatic  vessels,  905 

pulmonary,  790,  932 

pyloric,  1056 

leotal,  1089,  1093 

of  ThebesiuB,  787,  788,  871,  932 

tricuspid,  789 

of  veins,  782 

of  Vieussens.  [See  Vellum,  medullary  superior 

venous,  of  heart,  931 
Valvula  or  Valvulse,  anal,  1093,  1096 

conniventes,  1062,  1070,  1073,  1074 

foesa  navicularis,  1180 

processus  venniformis,  1060 
Vas  deferens,  1159,  1162,  1280 
ampulla  of,  1164,  1166 
development  of,  1199,  1120,  1204 

promiuens,  766 

Bpirale,  766 
Vasa  aberrantia,  836,  946,  952 
epididymidia,  1162,  1199 

brevia,  904,  1060 

efferentia  t«Htie,  1162, 1199,  1204 

intestini  tenuis,  1073 

TBBonim,  763 
Vascular  area,  61 

system,  780 


1388 


INDEX. 


Vestibule  of  nasal  fossa,  719 

of  vagina,  1196 
bulb  of,  1182,  1198 
glands  of,  1197 
Vestigial  fold,  784,  795 
Vibrissa,  719 

Vicq  d'Azyr,  fasciculus  of,  545,  648,  572,  585 
Vidian  artery,  812,  815 

canal,  126,  159,  163,  165,  169 

nerve,  682,  707 

vein,  880 
Vieussens,  annulus  of,  787 

ansa  of,  708 

li^ibus  of,  930 

vfljve  o£     See  Velum,  medullary  superior 
Villi,  arachnoidal,  884 

chorionic,  52,  54,  55,  58 

intestinal,  1062,  1073 
Vincula  accessoria,  342,  343 
Visceral  arches,  35,  36,  182,  701 

clefts,  35,  43,  66,  67,  701 
Visceral  veins,  871,  946 
Visual  area,  693 


purple,  732 
Vitelline  body,  11 


cavity,  26 

duct,  1073,  1106 

membrane,  11 

veins,  62,  926,  934 
Vitello-intestinal  duct,  33,  48,  51,  1105 
Vitellus,  10 

Vitreous  body,  725,  735 
composition  of,  736 
development  of,  742 
fossa  patellaris  of,  736 
hyaloid  canal  o^  736,  742 
membrane  of,  735 
Vocal  cords.     See  Larynx 
Voice,  organs  of,  967 
Volaris  profunda  artery,  835 

superncialis  artery,  832 
Vomer,  103,  140,  160,  173 

architecture  of,  140 

connexions  of,  140 

ossification  of,  141 

variations  in,  140 
Vomerine  cartilage,  718 
Vulva,  1195 

anterior  commissure  of,  1195 

bulbus  vestibuli  of,  1198 

clitoris  of,  1197 

development  of,  1206 

fossa  navicularis  of,  1196 

fourchette  of,  1196 

frenulum  clitoridis  of,  1196 

labia  majora  of,  1196,  1182,  1207 
minora  of,  1182,  1196, 

mons  Veneris  of,  1196 

nerves  of,  1195 

posterior  commissure  of,  1195 

praeputium  clitoridis  of,  1196 

surgical  anatomy  of,  1282 

uro-genital  space  of,  1195,  1200,  1207 

vessels  of,  1 195 

vestibular  glands  of,  1197 

vestibule  of,  1196 

Walking,  movements  of,  390 


Wallerian  degeneration,  466 
Wharton,  duct  of,  997,  1012,  1244 

jelly  of,  51 
Wnite  line  of  anus,  1095 

of  pelvis,  438,  440 
White  matter,  development  of,  471, 
of  cerebellum,  509,  614 
of  cerebral  hemispheres,  554,  688 
cerebrospinal,  443 
of  cord,  459,  465 
of  medulla,  489 
Willis,  circle  of,  821 
Wind-pipe,  972 

Wing,  orbital,  of  sphenoid,  124,  149 
Wing,  temporal,  124,  151 
Winslow,  foramen  of,  1049,  1097,  1102,  1107, 

1116,  1272 
Wirsung,  duct  of,  1127 
Wisdom-teeth,  1016,  1019 
Wolffian  body,  32,  1201 
duct,  1198,  1200,  1204 
glomeruli,  1201 
ridge,  46,  66,  662 
tubules,  1201 
Womb,  1182,  1187 
Wormian  bones,  106,  131,  159 
Wrisberg,  ganglion  of,  693 

pars  intermedia  of,  522,  524,  686,  687,  689, 
699 
Wrist,  annular  ligaments  of,  337 
arterial  arches  of,  835 
bones  of,  203 
movements  at,  364 
synovial  sheaths  at,  337,  338 

Xiphisternal  joint,  272,  1255,  1267,  1290 

sternum,  94,  96 
Xiphoid  cartilage,  94,  96 

Y-ligament  of  Bigelow,  296 
Yellow  marrow,  71 
Yolk,  10 

formative,  10 

nutritive,  10 

sac,  28^  48,  60,  65 

Zahnleiste,  1026 
Zinn,  zonule  of,  735 
Zona  arcuata,  766 

fasciculata  glandulse  suprarenalis,  1215 

glomerulosa  glandulae  suprarenalis,  1215 

orbicularis,  295 

pectinata,  766 

pellucida,  11 

reticularis  glandulaa  suprarenalis,  1216 

striata,  11 
Zones  of  abdomen,  1047.     See  aUo  Abdomen 
Zonula  ciliaris,  735 
Zonule  of  Zinn,  735 
Zygapophyses,  76,  94 
Zygoma,  114,  115 
Zygomatic  arch,  155,  160,  162,  1224,  1237 

fossa,  156,  164 

lymphatic  glands,  909 

process,  114,  116,  131,  133,  136,  155,  162 
Zygomatico-orbital  artery,  810 
Zygomaticus  major  mnscle,  404,  405 

minor  muscle,  404,  405 
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